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Preface

Why do thoracic surgeons need training in decision making? Many of us who have 
weathered harrowing residencies in surgery feel that, after such experiences, decision 
making is a natural extension of our selves. While this is no doubt true, correct deci-
sion making is something that many of us have yet to master. The impetus to develop 
a text on evidence-based decision making in thoracic surgery was stimulated by a 
conference for cardiothoracic surgical trainees developed in 2004 and sponsored by 
the American College of Chest Physicians. During that conference it became clear that 
we as thoracic surgeons are operating from a very limited fund of true evidence-based 
information. What was also clear was the fact that many of the decisions we make in 
our everyday practices are not only uninformed by evidence-based medicine, but often 
are contradictory to existing guidelines or evidence-based recommendations.

The objectives of this book are to explain the process of decision making, both on 
the part of the physician and on the part of the patient, and to discuss specifi c clinical 
problems in thoracic surgery and provide recommendations regarding their manage-
ment using evidence-based methodology. Producing a text that will purportedly guide 
experienced, practicing surgeons in the decision-making process that they are accus-
tomed to observe on a daily basis is a daunting task. To accomplish this it was necessary 
to assemble a veritable army of authors who are widely considered to be experts in their 
fi elds. They were given the unusual (to many of them) task of critically evaluating evi-
dence on a well-defi ned topic and provide two opinions regarding appropriate manage-
ment of their topic: one based solely on the existing evidence, and another based on 
their prevailing practice, clinical experience, and teaching. Most authors found this to 
be an excellent learning experience. It is hoped that the readers of this book will be 
similarly enlightened by its contents.

How should a practicing surgeon use this text? As is mentioned in the book, wholesale 
adoption of the stated recommendations will serve neither physician nor patient well. The 
reader is asked to critically examine the material presented, assess it in the light of his or 
her own practice, and integrate the recommendations that are appropriate. The reader 
must have the understanding that surgery is a complex, individualized, and rapidly evolv-
ing specialty. Recommendations made today for one patient may not be appropriate for 
that same patient in the same situation several years hence. Similarly, one recommenda-
tion will not serve all patients well. The surgeon must use judgment and experience to 
adequately utilize the guidelines and recommendations presented herein.

To produce a text with timely recommendations about clinical situations in a world 
of rapidly evolving technology and information requires that the editor, authors, and 



publisher work in concert to provide a work that is relevant and up-to-date. To this 
end I am grateful to the authors for producing their chapters in an extraordinarily 
timely fashion. My special thanks go to Melissa Morton, Senior Editor at Springer, for 
her rapid processing and approval of the request to develop this book, and to Eva 
Senior, Senior Editorial Assistant at Springer, for her tireless work in keeping us all on 
schedule. My thanks go to Kevin Roggin, MD, for sharing the T.S. Eliot lines and the 
addendum to them. Finally, the residents with whom I have had the opportunity and 
privilege to work during the past two decades continually reinforce the conviction that 
quality information is the key to improved patient care and outcomes.

 Mark K. Ferguson, MD

viii Preface
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Introduction
Mark K. Ferguson

tional decision was whether to reconstruct imme-
diately or at the time of a subsequent operation. 
If resection was not performed, the surgeon 
needed to consider a variety of options as part of 
any planned hernia repair: whether to perform a 
gastric lengthening procedure; whether a fundo-
plication should be constructed; and whether to 
reinforce the hiatal closure with nonautologous 
materials. Each of these intraoperative decisions 
could importantly affect the need for a subse-
quent reoperation, the patient’s immediate sur-
vival, and her long-term quality of life. Given the 
dire circumstances that the surgeon was pre-
sented with during the emergency operation, 
perhaps it would have been optimal if the emer-
gent nature of the operation could have been 
avoided entirely. In retrospect, which was correct 
in this hypothetical situation, the recommen-
dation of the surgeon or the decision of the 
patient?

Decisions are the stuff of everyday life for all 
physicians; for surgeons, life-altering decisions 
often must be made on the spot, frequently 
without what many might consider to be neces-
sary data. The ability to make such decisions 
confi dently is the hallmark of the surgeon. 
However, decisions made under such circum-
stances are often not correct or even well rea-
soned. All surgeons (and many of their spouses) 
are familiar with the saying “. . . often wrong, but 
never in doubt.” As early as the 14th century, 
physicians were cautioned never to admit uncer-
tainty. Arnauld of Villanova wrote that, even 
when in doubt, physicians should look and act 
authoritative and confi dent.1 In fact, useful data 

Dorothy Smith, an elderly and somewhat portly 
woman, presented to her local emergency room 
with chest pain and shortness of breath. An 
extensive evaluation revealed no evidence for 
coronary artery disease, congestive heart failure, 
or pneumonia. A chest radiograph demonstrated 
a large air–fl uid level posterior to her heart 
shadow, a fi nding that all thoracic surgeons rec-
ognize as being consistent with a large parae-
sophageal hiatal hernia. The patient had not had 
similar symptoms previously. Her discomfort 
was relieved after a large eructation, and she was 
discharged from the emergency room a few hours 
later. When seen several weeks later in an outpa-
tient setting by an experienced surgeon, who 
reviewed her history and the data from her emer-
gency room visit, she was told that surgery is 
sometimes necessary to repair such hernias. Her 
surgeon indicated that the objectives of such an 
intervention would include relief of symptoms 
such as chest pain, shortness of breath, and post-
prandial fullness, and prevention of catastrophic 
complications of giant paraesophageal hernia, 
including incarceration, strangulation, and per-
foration. Ms. Smith, having recovered completely 
from her episode of a few weeks earlier, declined 
intervention, despite her surgeon’s strenuous 
encouragement.

She presented to her local emergency room 
several months later with symptoms of an incar-
cerated hernia and underwent emergency surgery 
to correct the problem. The surgeon found a 
somewhat ischemic stomach and had to decide 
whether to resect the stomach or just repair the 
hernia. If resection was to be performed, an addi-
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do exist that impact on many of the individual 
decisions regarding elective and emergent man-
agement of giant paraesophageal hernia outlined 
above. Despite the existence of these data, sur-
geons tend to make decisions based on their own 
personal experience, anecdotal tales of good or 
bad outcomes, and unquestioned adherence to 
dictums from their mentors or other respected 
leaders in the fi eld, often to the exclusion of 
objective data. It is believed that only 15% of 
medical decisions are scientifi cally based,2 and it 
is possible that an even lower percentage of tho-
racic surgical decisions are so founded. With all 
of our modern technological, data processing, 
and communication skills, why do we still fi nd 
ourselves in this situation?

1.1. Early Surgical Decision Making

Physicians’ diagnostic capabilities, not to mention 
their therapeutic armamentarium, were quite 
limited until the middle to late 19th century. 
Drainage of empyema, cutting for stone, amputa-
tion for open fractures of the extremities, and 
mastectomy for cancer were relatively common 
procedures, but few such conditions were diag-
nostic dilemmas. Surgery, when it was performed, 
was generally indicated for clearly identifi ed 
problems that could not be otherwise remedied. 
Some surgeons were all too mindful of the warn-
ings of Hippocrates: “. . . physicians, when they 
treat men who have no serious illness, . . . may 
commit great mistakes without producing any 
formidable mischief . . . under these circum-
stances, when they commit mistakes, they do not 
expose themselves to ordinary men; but when 
they fall in with a great, a strong, and a dangerous 
disease, then their mistakes and want of skill are 
made apparent to all. Their punishment is not far 
off, but is swift in overtaking both the one and 
the other.”3 Others took a less considered approach 
to their craft, leading Hunter to liken a surgeon 
to “an armed savage who attempts to get that 
by force which a civilized man would get by 
stratagem.”4

Based on small numbers of procedures, lack of 
a true understanding of pathophysiology, fre-
quently mistaken diagnoses, and the absence of 
technology to communicate information quickly, 

surgical therapy until the middle of the 19th 
century was largely empirical. For example, by 
this time fewer than 90 diaphragmatic hernias 
had been reported in the literature, most of them 
having been diagnosed postmortem as a result of 
gastric or bowel strangulation and perforation.5 
Decisions were based on dogma promulgated by 
word of mouth. This has been termed the “ancient 
era” of evidence-based medicine.6

An exception to the empirical nature of surgery 
was the approach espoused by Hunter in the mid-
18th century, who suggested to Jenner, his favor-
ite pupil, “I think your solution is just, but why 
think? Why not try the experiment?”4 Hunter 
challenged the established practices of bleeding, 
purging, and mercury administration, believing 
them to be useless and often harmful. Theses 
views were so heretical that, 50 years later, editors 
added footnotes to his collected works insisting 
that these were still valuable treatments. Hunter 
and others were the progenitors of the “renais-
sance era” of evidence-based medicine, in which 
personal journals, textbooks, and some medical 
journal publications were becoming prominent.6

The discovery of X rays in 1895 and the subse-
quent rapid development of radiology in the fol-
lowing years made the diagnosis and surgical 
therapy of a large paraesophageal hernia, such as 
that described at the beginning of this chapter, 
commonplace. By 1908, the X ray was accepted as 
a reliable means for diagnosing diaphragmatic 
hernia, and by the late 1920s surgery had been 
performed for this condition on almost 400 
patients in one large medical center.7,8 Thus, the 
ability to diagnose a condition was becoming a 
prerequisite to instituting proper therapy.

This enormous leap in physicians’ abilities to 
render appropriate ministrations to their patients 
was based on substantial new and valuable objec-
tive data. In contrast, however, the memorable 
anecdotal case presented by a master (or at least 
an infl uential) surgeon continued to dominate 
the surgical landscape. Prior to World War II, it 
was common for surgeons throughout the world 
with high career aspirations to travel Europe for 
a year or two, visiting renowned surgical centers 
to gain insight into surgical techniques, indica-
tions, and outcomes. In the early 20th century, 
Murphy attracted a similar group of surgeons to 
his busy clinic at Mercy Hospital in Chicago. His 
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publication of case reports and other observa-
tions evolved into the Surgical Clinics of North 
America. Seeing individual cases and drawing 
conclusions based upon such limited exposure 
no doubt reinforced the concept of empiricism in 
decision making in these visitors. True, com-
pared to the strict empiricism of the 19th century 
there were more data available upon which to 
base surgical decisions in the early 20th century, 
but information regarding objective short-term 
and long-term outcomes still was not readily 
available in the surgical literature or at surgical 
meetings.

Reinforcing the imperative of empiricism in 
decision making, surgeons often disregarded 
valuable techniques that might have greatly 
improved their efforts. It took many years for 
anesthetic methods to be accepted. The slow 
adoption of endotracheal intubation combined 
with positive pressure ventilation prevented safe 
thoracotomy for decades after their introduction 
into animal research. Wholesale denial of germ 
theory by U.S. physicians for decades resulted in 
continued unacceptable infection rates for years 
after preventive measures were identifi ed. These 
are just a few examples of how ignorance and 
its bedfellow, recalcitrance, delayed progress in 
thoracic surgery in the late 19th and early 20th 
centuries.

1.2. Evidence-based 
Surgical Decisions

There were important exceptions in the late 19th 
and early 20th centuries to the empirical nature 
of surgical decision making. Among the fi rst 
were the demonstration of antiseptic methods 
in surgery and the optimal therapy for pleural 
empyema. Similar evidence-based approaches to 
managing global health problems were develop-
ing in nonsurgical fi elds. Reed’s important work 
in the prevention of yellow fever led to the virtual 
elimination of this historically endemic problem 
in Central America, an accomplishment that per-
mitted construction of the Panama Canal. The 
connection between the pancreas and diabetes 
that had been identifi ed decades earlier was for-
malized by the discovery and subsequent clinical 
application of insulin in 1922, leading to the 

awarding of a Nobel prize to Banting and Macleod 
in 1923. Fleming’s rediscovery of the antibacte-
rial properties of penicillin in 1928 led to its 
development as an antibiotic for humans in 1939, 
and it received widespread use during World War 
II. The emergency use of penicillin, as well as new 
techniques for fl uid resuscitation, were said to 
account for the unexpectedly high rate of sur-
vival among burn victims of the Coconut Grove 
nightclub fi re in Boston in 1942. Similar stories 
can be told for the development of evidence in the 
management of polio and tuberculosis in the 
mid-20th century. As a result, the fi rst half of 
the 20th century has been referred to as the 
“transitional era” of evidence-based medicine, in 
which information was shared easily through 
textbooks and peer-reviewed journals.6

Among the fi rst important examples of the 
used of evidence-based medicine is the work of 
Semmelweiss, who in 1861 demonstrated that 
careful attention to antiseptic principles could 
reduce mortality associated with puerperal fever 
from over 18% to just over 1%. The effective use 
of such principles in surgery was investigated 
during that same decade by Lister, who noted a 
decrease in mortality on his trauma ward from 
45% to 15% with the use of carbolic acid as an 
antiseptic agent during operations. However, 
both the germ theory of infection and the ability 
of an antiseptic such as carbolic acid to decrease 
the risk of infection were not generally accepted, 
particularly in the United States, for another 
decade. In 1877, Lister performed an elective 
wiring of a patellar fracture using aseptic tech-
niques, essentially converting a closed fracture to 
an open one in the process. Under practice pat-
terns of the day, such an operation would almost 
certainly lead to infection and possible death, but 
the success of Lister’s approach secured his place 
in history. It is interesting to note that a single 
case such as this, rather than prior reports of his 
extensive experience with the use of antiseptic 
agents, helped Lister turn the tide towards uni-
versal use of antiseptic techniques in surgery 
thereafter.

The second example developed over 40 years 
after the landmark demonstration of antiseptic 
techniques and also involved surgical infectious 
problems. Hippocrates described open drainage 
for empyema in 229 B.C.E., indicating that “when 
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empyema are opened by the cautery or by the 
knife, and the pus fl ows pale and white, the 
patient survives, but if it is mixed with blood and 
muddy and foul smelling, he will die.”3 There was 
little change in the management of this problem 
until the introduction of thoracentesis by Trus-
seau in 1843. The mortality rate for empyema 
remained at 50% to 75% well into the 20th 
century.9 The confl uence of two important events, 
the fl u pandemic of 1918 and the Great War, stim-
ulated the formation of the U.S. Army Empyema 
Commission in 1918. Led by Graham and Bell, 
this commission’s recommendations for manage-
ment included three basic principles: drainage, 
with avoidance of open pneumothorax; oblitera-
tion of the empyema cavity; and nutritional 
maintenance for the patient. Employing these 
simples principles led to a decrease in mortality 
rates associated with empyema to 10% to 15%.

1.3. The Age of Information

These surgical efforts in the late 19th and early 
20th centuries ushered in the beginning of an era 
of scientifi c investigation of surgical problems. 
This was a period of true surgical research char-
acterized by both laboratory and clinical efforts. 
It paralleled similar efforts in nonsurgical 
medical disciplines. Such research led to the pub-
lication of hundreds of thousands of papers on 
surgical management. This growth of medical 
information is not a new phenomenon, however. 
The increase in published manuscripts, and the 
increase in medical journals, has been exponen-
tial over a period of more than two centuries, 
with a compound annual growth rate of almost 

4% per year (Figure 1.1).10 In addition, the quality 
and utility of currently published information is 
substantially better than that of publications in 
centuries past.

Currently, there are more than 2000 publishers 
producing works in the general fi eld of science, 
technology, and medicine. The fi eld comprises 
more than 1800 journals containing 1.4 million 
peer-reviewed articles annually. The annual 
growth rate of health science articles during the 
past two decades is about 3%, continuing the 
trend of the past two centuries and adding to 
the diffi culty of identifying useful information 
(Figure 1.2).10 When confronting this large 
amount of published information, separating the 
wheat from the chaff is a daunting task. The work 
of assessing such information has been assumed 
to some extent by experts in the fi eld who perform 
structured reviews of information on important 
issues and meta-analyses of high quality, con-
trolled, randomized trials. These techniques have 
the potential to summarize results from multiple 
studies and, in some instances, crystallize fi nd-
ings into a simple, coherent statement.

An early proponent of such processes was 
Cochrane, who in the 1970s and 1980s suggested 
that increasingly limited medical resources 
should be equitably distributed and consist of 
interventions that have been shown in properly 
designed evaluations to be effective. He stressed 
the importance of using evidence from random-
ized, controlled trials, which were likely to 
provide much more reliable information than 
other sources of evidence.11 These efforts ushered 
in an era of high-quality medical and surgical 
research. Cochrane was posthumously honored 
with the development of the Cochrane Collabora-

FIGURE 1.1. The total number of active 
refereed journals published annually. 
(Data from Mabe.10)



1. Introduction 7

tion in 1993, encompassing multiple centers in 
North America and Europe, which “produces 
and disseminates systematic reviews of health-
care interventions, and promotes the search for 
evidence in the form of clinical trials and other 
studies of the effects of interventions.”12

Methods originally espoused by Cochrane and 
others have been codifi ed into techniques for 
rating the quality of evidence in a publication 
and for grading the strength of a recommenda-
tion based on the preponderance of available evi-
dence. This methodology is described in detail 
in Chapter 2. The clinical problems addressed in 
this book have been assessed using one of two 
commonly employed rating systems, one from 
the Scottish Intercollegiate Guidelines Network 
(Table 1.1) and the other from the Oxford Centre 
for Evidence-Based Medicine (Table 1.2).13,14 Each 
has its own advantages and disadvantages, and 
each has been shown to function well in a variety 
of settings, providing consistent results that are 
reproducible. The latter system is explained in 
detail in Chapter 2.

Techniques such as those described above for 
synthesizing large amounts of quality informa-
tion were introduced for the development guide-
lines for clinical activity in thoracic surgery, most 
commonly for the management of lung cancer, 
beginning in the mid-1990s. An example of these 
is a set of guidelines based on current standards 
of care sponsored by the Society of Surgical 
Oncology for managing lung cancer. It was 
written by experts in the fi eld without a formal 
process of evidence collection.15 A better tech-
nique for arriving at guidelines is the consensus 

statement, usually derived during a consensus 
conference in which guidelines based on pub-
lished medical evidence are revised until members 
of the conference agree by a substantial majority 
in the fi nal statement. The problem with this 
technique is that the strength of recommenda-
tions, at times, is sometimes diluted until there 
is little content to them. The American College 
of Chest Physicians recently has issued over 20 
guideline summaries in a recent supplement to 
their journal that appear to have avoided this 
drawback.16 Similar sets of guidelines have 
recently been published for appropriate selection 
of patients for lung cancer surgery,17 for multi-
modality management of lung cancer,18 and for 
appropriate follow-up of lung cancer patients 
having received potentially curative therapy,19 to 
name but a few. In addition to lung cancer man-
agement, guidelines have been developed for 
other areas of interest to the thoracic surgeon.

Despite the enormous efforts expended by 
professional societies in providing evidence-
based algorithms for appropriate management of 
patients, adherence to these published guidelines, 
based on practice pattern reports, is disappoint-
ing. Focusing again on surgical management of 
lung cancer, there is strong evidence that standard 
procedures incorporated into surgical guidelines 
for lung cancer are widely ignored. For example, 
fewer than 50% of patients undergoing mediasti-
noscopy for nodal staging have lymph node biop-
sies performed. In patients undergoing major 
resection for lung cancer, fewer than 60% have 
mediastinal lymph nodes biopsied or dissected. 20 
There are also important regional variations in 

FIGURE 1.2. Growth in the number of published health science articles published annually. (Data from Mabe.10)
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the use of standard staging techniques and in the 
use of surgery for stage I lung cancer patients, 
patterns of activity that are also related to race and 
socioeconomic status.21–23 Failure to adhere to 
accepted standards of care for surgical lung cancer 
patients results in higher postoperative mortality 
rates; whether long-term survival is adversely 
affected has yet to be determined.24,25

The importance of adherence to accepted 
standards of care, particular those espoused by 
major professional societies, such as the American 
College of Surgeons, The Society of Surgical 
Oncology, the American Society of Clinical 
Oncology, the American Cancer Society, the 
National Comprehensive Cancer Network, is 
becoming clear as the United States Centers for 
Medicare and Medicaid Services develops pro-
cesses for rewarding adherence to standards of 
clinical care.26 This underscores the need for sur-
geons to become familiar with evidence-based 
practices and to adopt them as part of their daily 
routines. What is not known is whether surgeons 
should be rewarded for their efforts in following 
recommended standards of care, or for the out-
comes of such care. Do we measure the process, 
the immediate success, or the long-term out-
comes? If outcomes are to be the determining 
factor, what outcomes are important? Is operative 
mortality an adequate surrogate for quality of 
care and good results? Whose perspective is most 
important in determining success, that of the 
patient, or that of the medical establishment?

TABLE 1.1. Scottish Intercollegiate Guidelines Network evidence 
levels and grades of recommendations.

Level Description

1++ High-quality meta-analyses, systematic reviews of RCTs, or 
   RCTs with a very low risk of bias
1+ Well-conducted meta-analyses, systematic reviews of RCTs, 
   or RCTs with a low risk of bias.
1− Meta-analyses, systematic reviews or RCTs, or RCTs with a 
   high risk of bias
2++ High-quality systematic reviews of case-control or cohort 
   studies
 or
 High-quality case-control of cohort studies with a very low 
   risk of confounding, bias, or chance and a high probability 
   that the relationship is causal
2+ Well-conducted case-control or cohort studies with a low risk 
   of confounding, bias, or chance and a moderate probability 
   that the relationship is causal
2− Case-control or cohort studies with a high risk of confounding, 
   bias, or chance and a significant risk that the relationship is 
   not causal
3 Non-analytic studies, e.g. case reports, case series
4 Expert opinion

GradeH Description

A At least one meta-analysis, systematic review, or RCT rated as 
   1++ and directly applicable to the target population
 or
 A systematic review of RCTs or a body of evidence consisting
   principally of studies rated as 1+ directly applicable to the 
   target population and demonstrating overall consistency 
   of results
B A body of evidence including studies rated as 2++ directly
   applicable to the target population and demonstrating 
   overall consistency of results
 or
 Extrapolated evidence from studies rated as 1++ or 1+
C A body of evidence including studies rated as 2+ directly 
   applicable to the target population and demonstrating 
   overall consistency of results
 or
 Extrapolated evidence from studies rated as 2++
D Evidence level 3 or 4
 or
 Extrapolated evidence from studies rated as 2+

Abbreviation: RCT, randomized, controlled trial.
Source: Harbour and Miller.13

TABLE 1.2. Oxford Centre for Evidence-Based Medicine levels 
of evidence and grades of recommendations for therapeutic 
interventions.

Level Description

1a SR (with homogeneity) of RCTs
1b Individual RCT (with narrow confidence interval)
1c All or none
2a SR (with homogeneity) of cohort studies
2b Individual cohort study (including low quality RCT; e.g., 
   < 80% follow-up)
2c “Outcomes” research; ecological studies
3a SR (with homogeneity) of case-control studies
3b Individual case-control studies
4 Case series (and poor quality cohort and case-control studies)
5 Expert opinion without explicit critical appraisal, or based on
   physiology, bench research, or “first principles”

Grade Description

A Consistent level 1 studies
B Consistent level 2 or 3 studies or extrapolations from level 1 
   studies
C Level 4 studies or extrapolations from level 2 or 3 studies
D Level 5 evidence or troublingly inconsistent or inconclusive 
   studies at any level

Abbreviations: RCT, randomized, controlled trials; SR, systematic review.
Source: Oxford Centre for Evidence-Based Medicine.14
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1.4. The Age of Data

We have now entered into an era in which the 
number of data available for studying problems 
and outcomes in surgery is truly overwhelming. 
Large clinical trials involving thousands of sub-
jects render databases measured in megabytes. 
As an example, for the National Emphysema 
Treatment Trial (NETT), which entered over 1200 
patients, initial data collection prior to random-
ization consisted of over 50 pages of data for each 
patient.27 Patients were subsequently followed 
for up to 5 years after randomization, creating 
an enormous research database. The size of the 
NETT database is dwarfed by other databases in 
which surgical information is stored, including 
the National Medicare Database, the Surveillance 
Epidemiology and End Results (SEER; 170,000 
new patients annually), Nationwide Inpatient 
Sample (NIS; 7 million hospital stays annually), 
and the Society of Thoracic Surgeons (STS) data-
base (1.5 million patients).

Medical databases are of two basic types: those 
that contain information that is primarily clini-
cal in nature, especially those that are developed 
specifi cally for a particular research project such 
as the NETT, and administrative databases that 
are maintained for other than clinical purposes 
but that can be used in some instances to assess 
clinical information and outcomes, an example 
of which is the National Medicare Database. 
Information is organized in databases in a hier-
archical structure. An individual unit of data is a 
fi eld; a patient’s name, address, and age are each 
individual fi elds. Fields are grouped into records, 
such that all of one patient’s fi elds constitute a 
record. Data in a record have a one-to-one rela-
tionship with each other. Records are complied 
in relations, or fi les. Relations can be as simple as 
a spreadsheet, or fl at fi le, in which there is a one-
to-one relationship between each fi eld. More 
complex relations contain many-to-one, or one-
to-many, relationships among fi elds, relation-
ships that must be accessed through queries 
rather than through simple inspection. Examples 
are multiple diagnoses for a single patient or mul-
tiple patients with a single diagnosis.

In addition to collection of data such as those 
above that are routinely generated in the process 
of standard patient care, new technological 

advances are providing an exponential increase 
in the amount of data generated by standard 
studies. An example is the new 64-slice computed 
tomography (CT) scanner, which has quadrupled 
the amount of information collected in each of 
the x–y–z-axes as well as providing temporal 
information during a routine CT scan. The vast 
amount of additional information provided 
by this technology has created a revolutionary, 
rather than evolutionary, change in diagnostic 
radiology. Using this technology, virtual angio-
grams can be performed, three-dimensional 
reconstruction of isolated anatomical entities is 
possible, and radiologists are discovering more 
abnormalities than clinicians know what to do 
with.

A case in point is the use of CT as a screening 
test for lung cancer. Rapid low-dose CT scans 
were introduced in the late 1990s and were quickly 
adopted as a means for screening high-risk 
patients for lung cancer. The results of this screen-
ing have been mixed. Several reports suggest that 
the number of radiographic abnormalities identi-
fi ed is high compared to the number of clinically 
important fi ndings. For example, in the early 
experience at the Mayo Clinic, over 1500 patients 
were enrolled in an annual CT screening trial, 
and in the 4 years of the trial, over 3100 indeter-
minate nodules were identifi ed, only 45 of which 
were found to be malignant.28 Many additional 
radiographic abnormalities other than lung 
nodules were also identifi ed.

1.5. What Lies in the Future?

What do we now do with the plethora of informa-
tion that is being collected on patients? How do 
we make sense of these gigabytes of data? It may 
be that we now have more information than we 
can use or that we even want. Regardless, the 
trend is clearly in the direction of collecting 
more, rather than less, data, and it behooves us 
to make some sense of the situation. In the case 
of additional radiographic fi ndings resulting 
from improved technology, new algorithms have 
already been refi ned for evaluating nodules and 
for managing their follow-up over time, and have 
yielded impressive results in the ability of these 
approaches to identify which patients should be 
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observed and which patients should undergo 
biopsy or surgery.29 What, though, of the reams 
of numerical and other data that pour in daily 
and populate large databases? When confronting 
this dilemma, it useful to remember that we are 
dealing with an evolutionary problem, the extent 
of which has been recognized for decades. Eliot 
aptly described this predicament in The Rock 
(1934), lamenting:30

Where is the wisdom we have lost in knowledge?
Where is the knowledge we have lost in information?

To those lines one might add:

Where is the information we have lost in data?

One might ask, in the presence of all this infor-
mation, are we collecting the correct data? Evi-
dence-based guidelines regarding indications for 
surgery, surgical techniques, and postoperative 
management are often lacking. We successfully 
track surgical outcomes of a limited sort, and 
often only in retrospect: complications, operative 
mortality, and survival. We do not successfully 
track patient’s satisfaction with their experience, 
the quality of life they are left with as a result of 
surgery, and whether they would make the same 
decision regarding surgery if they had to do 
things over again. Perhaps these are important 
questions upon which physicians should focus. 
In addition to migrating towards patient-focused 
rather than institutionally focused data, are we 
prepared to take the greater leap of addressing 
more important issues requiring data from a 
societal perspective, including cost effectiveness 
and appropriate resource distribution (human 
and otherwise) and utilization? This would likely 
result in redeployment of resources towards 
health prevention and maintenance rather than 
intervention. Such efforts are already underway, 
sponsored not by medical societies and other 
professional organizations, but by those paying 
the increasingly unaffordable costs of medical 
care.

Insurance companies have long been involved, 
through their actuarial functions, in identifying 
populations who are at high risk for medical 
problems, and it is likely that they will extend 
this actuarial methodology into evaluating the 
success of surgical care on an institutional and 

individual surgeon basis as more relevant data 
become available. The Leapfrog Group, repre-
senting a consortium of large commercial enter-
prises that covers insurance costs for millions 
of workers, was founded to differentiate levels of 
quality of outcomes for common or very expen-
sive diseases, thereby potentially limiting costs of 
care by directing patients to better outcome 
centers. These efforts have three potential draw-
backs from the perspective of the surgeon. First, 
decisions made in this way are primarily fi scally 
based, and are not patient focused. Second, poli-
cies put in place by payers will undoubtedly 
lead to regionalization of health care, effectively 
resulting in de facto restraint of trade affecting 
those surgeons with low individual case volumes 
or comparatively poor outcomes for a procedure, 
or who work in low volume centers. Finally, deci-
sions about point of care will be taken from the 
hands of the patients and their physicians. The 
next phase of this process will be requirements 
on the part of payers regarding practice patterns, 
in which penalties are incurred if proscribed pat-
terns are not followed, and rewards are provided 
for following such patterns, even if they lead to 
worse outcomes in an individual patient.

Physicians can retain control of the care of 
their patients in a variety of ways. First, they 
must make decisions based on evidence and in 
accordance with accepted guidelines and recom-
mendations. This text serves to provide an outline 
for only a fraction of the decisions that are made 
in a thoracic surgical practice. For many of the 
topics in this book there are preciously few data 
that can be used to formulate a rational basis for 
a recommendation. Practicing physicians must 
therefore become actively involved in the process 
of developing useful evidence upon which deci-
sions can be made. There are a variety of means 
for doing this, including participation in ran-
domized clinical trials, entry of their patient data 
(appropriately anonymized) into large databases 
for study, and participation in consensus confer-
ences aimed at providing useful management 
guidelines for problems in which they have a 
special interest. Critical evaluation of new tech-
nology and procedures, rather than merely adopt-
ing what is new to appear to the public and 
referring physicians that one’s practice is cutting 
edge, may help reduce the wholesale adoption of 
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what is new into patterns of practice before its 
value is proven.

1.6. Conclusion

Decisions are the life blood of surgeons. How we 
make decisions affects the immediate and long-
term outcomes of care of individual patients. 
Such decisions will also, in the near future, affect 
our reimbursement, our referral patterns, and 
possibly our privileges to perform certain opera-
tions. Most of the decisions that we currently 
make in our surgical practices are insuffi ciently 
grounded in adequate evidence. In addition, we 
tend to ignore published evidence and guidelines, 
preferring to base our decisions on prior train-
ing, anecdotal experience, and intuition as to 
what is best for an individual patient.

Improving the process of decision making is 
vital to our patients’ welfare, to the health of our 
specialty, and to our own careers. To do this we 
must thoughtfully embrace the culture of evi-
dence-based medicine. This requires critical 
appraisal of reported evidence, interpretation of 
the evidence with regards to the surgeon’s target 
population, and integration of appropriate infor-
mation and guidelines into daily practice. Con-
stant review of practice patterns, updating 
management algorithms, and critical assessment 
of results is necessary to maintain optimal quality 
care. Documentation of these processes must 
become second nature. Unless individual sur-
geons adopt leadership roles in this process and 
thoracic surgeons as a group buy into this 
concept, we will fi nd ourselves marginalized by 
outside forces that will distance us from our 
patients and discount our expertise in making 
vital decisions.
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2
Evidence-Based Medicine: Levels of Evidence 
and Grades of Recommendation
Andrew J. Graham and Sean C. Grondin

recently, the term evidence-based clinical prac-
tice (EBCP) has been used instead of EBM to indi-
cate that this approach is useful in a variety of 
disciplines. In this chapter the terms are used 
interchangeably.

Two fundamental principles of EBM have been 
proposed.1 The fi rst is that evidence alone is never 
enough to guide clinical decision making. Clini-
cal expertise is required to place the evidence in 
context and advise individual patients while con-
sidering their unique values and preferences. The 
second principle is that a hierarchy of evidence 
exists that is determined by the soundness of the 
evidence and the strength of the inferences that 
can be drawn from it.

It has been recognized that clinicians can 
embrace the philosophy of EBM either as practi-
tioners of EBM or as evidence users.

A practitioner would adhere to the following 
fi ve steps:

1. Form clinical questions so that they can be 
answered.

2. Search for the best external evidence for its 
validity and importance.

3. Clinically appraise that evidence for its valid-
ity and importance.

4. Apply it to clinical practice.
5. Self-evaluate performance as a practitioner of 

evidence-based medicine.

The evidence user searches for pre-appraised 
or preprocessed evidence in order to use bottom-
line summaries to assist patients in making deci-
sions about clinical care.

Evidenced-based medicine (EMB) is a philosoph-
ical approach to clinical problems introduced in 
the 1980s by a group of clinicians with an interest 
in clinical epidemiology at McMaster University 
in Canada. The concepts associated with this 
approach have been widely disseminated and 
described by many as a paradigm shift. Others, 
however, have debated the usefulness of this 
approach.

In this chapter, we will provide a defi nition and 
rationale for an evidence-based approach to clin-
ical practice. The central role of systems that 
grade clinical recommendations and levels of 
evidence will be outlined. Readers interested in a 
more in-depth review are advised to consult the 
Users’ Guide to the Medical Literature: A Manual 
for Evidence-Based Clinical Practice.1

2.1. What Is Evidence-Based 
Medicine

Evidence-based medicine is a philosophical 
approach to clinical problems that has arisen 
from the physician’s need to offer proven thera-
pies to patients. In 1996, Sackett and colleagues 
more formally defi ned EBM as “the conscien-
tious, explicit, and judicious use of current best 
evidence in making decisions about the care of 
individual patients.”2 The goal of this approach 
is to be aware of the evidence supporting a par-
ticular approach to a clinical problem, its sound-
ness, and the strength of its inferences. More 



14 A.J. Graham and S.C. Grondin

2.2. Why Use an 
Evidence-Based Approach?

Proponents of EBCP report that the advantages 
to the physician who use an EBCP approach are 
that the practitioner acquires the ability to obtain 
current information, is able to perform a direct 
review of the evidence, and utilizes a interactive 
form of continuing medical education.3

2.2.1. Obtain Current Evidence

The traditional method of acquiring information 
has been the review of textbooks and ongoing 
review of medical journals. Traditional texts 
have been shown to go out of date quickly. In one 
study, for example, the delay in the recommenda-
tion of thrombolytic therapy for myocardial 
infarction was up to 10 years from when the pub-
lished literature suggested it was advisable.4 Due 
to the huge number and variety of journals, 
however, it is challenging even for the most dili-
gent practitioner to stay current. With the devel-
opment of modern technology that allows easy 
and rapid access to Medline and other full-text 
rapid internet access sites, an increasing number 
of busy practitioners have been able to obtain 
current evidence.

2.2.2. Direct Review of Evidence

Developing and maintaining critical assessment 
skills is essential in order to have an EBCP. The 
ability to perform a direct review of the evidence 
by the individual practitioner is felt to be a supe-
rior method for appraising the literature com-
pared to traditional review articles by experts.5 
In many instances, reviews by experts have been 
revealed to be of low scientifi c quality and felt to 
be infl uenced unfavorably by potentially unsys-
tematic hierarchal authority. Given the time 
required to critically appraise the literature, 
however, preprocessed sources of EBM have been 
necessary for most surgeons to incorporate EBM 
into their practice.

2.2.3. Interactive Learning

Many consider an evidence-based approach to 
clinical practice an interactive form of learning 

designed to improve physician performance. 
Studies designed to examine the effectiveness of 
continuing medical education have found that 
traditional didactic approaches are inferior to 
interactive forms of learning at changing physi-
cian performance.6 Once the learner has acquired 
the necessary skills for EBCP, interactions with 
students and fellow learners reinforces the active 
process of learning and becomes the starting 
point for self-appraisal.7

Ironically, the evidence that EBM works is 
from observational studies that have suggested 
that recommendations arising from an evidence-
based approach are more consistent with the 
actual evidence than traditional approaches.4 
The second piece of evidence suggested to dem-
onstrate the effectiveness of EBM is gathered 
from studies that show that those patients who 
get the treatment supported by high-quality 
evidence have better outcomes than those who do 
not.8,9

2.3. What Is the Role of Grades of 
Recommendation and Levels 
of Evidence?

An evidence-based approach to clinical practice 
is said to have two fundamental principles. First, 
evidence alone is never enough to make a clinical 
decision, and, second, a hierarchy of evidence 
exists to guide decision making.

The proponents of an evidence-based approach 
defi ne evidence very broadly as any empirical 
observation about the apparent relation between 
events. Thus, evidence can come from unsystem-
atic clinical observations of individual clinicians 
to systematic reviews of multiple randomized 
clinical trials. The different forms of evidence 
may each provide recommendations that result 
in good outcomes for patients but it is clear that 
some forms of evidence are more reliable than 
others in giving guidance to surgeons and their 
patients. It is for this reason that a hierarchy of 
the strength of evidence has been proposed to 
further guide decision making. The assumption 
is that the stronger the evidence the more likely 
the proposed treatment or diagnostic test will 
lead to the predicted result.
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The hierarchy of strength of evidence for treat-
ment decisions (as opposed to diagnostic tests) is 
shown in Table 2.1.

The hierarchy represents a combination of rea-
soning and the study of different methodologies 
used to study treatments. The highest level of 
evidence will not be familiar to most thoracic 
surgeons. N of 1 trials were developed to address 
the fi nding that no single treatment is always 
effective for every patient. N of 1 trials involve a 
patient and his/her physician, usually treating a 
stable chronic illness, being blinded to random-
ized periods of taking a placebo or an active 
medication in random sequence and then decid-
ing if the drug was or was not effective. Clearly, 
N of 1 trials have no relevance for patients having 
surgical procedures!

Given that N of 1 randomized, controlled trials 
are not feasible for thoracic surgical procedures, 
the fundamental underpinning of the hierarchy 
is the superiority of well-done, randomized, con-
trolled trials (RCT) as compared to observational 
studies, physiological studies, and unsystematic 
observations. The majority of surgical and tho-
racic surgical research consists of observational 
or physiological studies or unsystematic observa-
tions. The superiority of randomized trials as 
compared to observational studies is still debated 
by some methodologists and some thoracic sur-
geons, as seen in debates regarding the National 
Emphysema Treatment Trial (NETT) for Lung 
Volume Reduction Surgery.10–13

The supporters of evidence-based clinical 
practice would defi ne the observations of an 
experienced clinician as unsystematic observa-
tions. They acknowledge that profound clinical 
insights can come from experienced colleagues 
but that these are limited by small sample size 

and “defi ciencies in human process of making 
inferences.”1 Physiological studies are defi ned 
as studies in which the measured outcome is a 
physiological parameter such as blood pressure, 
forced expiratory volume in 1 s (FEV1), and exer-
cise capacity, rather than patient important end 
points such as quality of life, frequency of hospi-
talizations, morbidity, and mortality.

Why do evidence-based advocates place such 
emphasis on RCT for selecting treatment for 
patients? First, observational studies are not an 
experimental design, so each patient is deliber-
ately chosen, not randomly selected, thus leading 
to an unavoidable risk of selection bias. The 
selected patients may, therefore, have systematic 
differences in outcome that are due not to the 
given treatment but rather the selection 
process.12

Second, is the observation that the results of 
RCT have not been predicted by prior observa-
tional or physiological studies. We would like to 
outline examples in which RCT provided surpris-
ing results in relation to both the general medical 
literature and to studies of adjuvant treatments 
of lung cancer.

The classic example often given to demonstrate 
the potentially misleading conclusions drawn 
from studies with physiological end points is the 
study of the anti-arrhythmic drugs fl ecainide 
and encainide, in which nonrandomized studies 
were shown to decrease the physiological end 
point of frequency of ventricular arrhythmias in 
patients after myocardial infarction. The RCT 
subsequently carried out using a patient-impor-
tant end point of cardiac deaths and arrests found 
a relative risk (RR) of 2.64 [95% confi dence inter-
val (CI), 1.60–4.36]; a substantially increased risk 
among patients on the active drug versus those 
on placebo.14

An example drawn from thoracic surgery dem-
onstrates the limitations of lower forms of evi-
dence and highlights the important contributions 
thoracic surgeons have made toward proving the 
importance and power of RCT and validating the 
evidence hierarchy. The studies of adjuvant intra-
pleural bacillus Calmette–Guerin (BCG) for stage 
I non-small cell lung cancer (NSCLC) demon-
strate the limitations nicely. The initial studies 
suggesting that an infectious immune stimulant 
would improve survival in the treatment of lung 

TABLE 2.1. Hierarchy of strength of evidence for treatment 
decisions.

N of 1 randomized, controlled trial
Systematic reviews of randomized trials
Single randomized trial
Systematic review of observational studies addressing patient-important 
  outcomes
Physiological studies (studies of blood pressure, cardiac output, exercise 
  capacity, bone density, and so forth)
Unsystematic observations
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cancer came from observational studies that 
suggested that postoperative empyema improves 
survival in lung cancer.15 An elegant pathophysi-
ological mechanism of immune stimulant was 
proposed. This was followed by supportive animal 
physiological studies and a small randomized 
trial in which a subgroup analysis suggested that 
immune stimulation via BCG would confer a 
survival advantage as adjuvant therapy for lung 
cancer.16 Unfortunately, this was not shown to be 
the case when the theory was tested in a well-
conducted RCT by the Lung Cancer Study Group.17

The evidence-based approach to surgery 
implies that physiological rationale or observa-
tional studies usually predict the results of RCT. 
However, this may not always be the case. Thus, 
the hierarchy of evidence has ranked RCT above 
other forms of study. The evidence-based 
approach hierarchy is, however, not proposed 
as an absolute. For example, in the case where 
observational studies show an overwhelming 
advantage for treatment, such as insulin for the 
treatment of ketoacidosis, RCT are not required. 
The majority of treatments, however, do not dem-
onstrate an overwhelming advantage for a par-
ticular form of treatment and major treatment 
decisions of common problems therefore require 
evidence from RCT in order to provide the best 
advice to patients.

2.4. Grading Systems of 
Recommendations and Levels 
of Evidence

The hierarchy of evidence has been formulized 
by a wide variety of groups into different class-
ifi cations of levels of evidence and grades of 
recommendation. The proliferation of such clas-
sifi cations, each being slightly different from each 
other, has led to the formation of an international 
working group whose mandate is to reach agree-
ment on a standardized classifi cation.18

Given that a single classifi cation has not been 
universally accepted, we have suggested the use 
of the Oxford Centre for Evidence-based Medi-
cine Grades of Recommendations and Levels of 
Evidence (Table 2.2). The strengths of this clas-
sifi cation are that it was developed by leaders in 

the fi eld of EBM, it allows assignment of studies 
for not only therapy but for diagnostic tests as 
well, and it has been used in studies exploring 
methodology in thoracic surgery.19,20 The limita-
tions are that it is detailed and may appear 
complex to those not familiar with the fi eld.

A number of aspects of the Oxford Centre for 
Evidence-based Medicine Grades of Recommen-
dations and Levels of Evidence are worthy of 
highlighting. The bottom line for an evidence-
based user is the grades of recommendation A 
through D. In the clinical setting, the levels of 
evidence of applicable studies are determined 
and then examined to assign the grade of recom-
mendation. An A level recommendation is the 
strongest possible.

For those surgeons who have an interest in a 
deeper understanding, the initial step is to deter-
mine the methodological nature of the clinical 
question. Thoracic surgeons will likely be inter-
ested in questions regarding the choice of therapy 
or diagnostic test. For example, a surgeon may 
wish to advise a patient regarding the role of 
adjuvant chemotherapy following lung cancer 
resection. The surgeon would then examine 
existing studies and use the fi rst column of the 
table to assign the appropriate level of evidence.

The surgeon will note that level 1a is assigned 
to systematic reviews with homogeneity of RCT. 
It is critical to understanding the table that sur-
geons appreciate that systematic reviews are not 
the same as traditional narrative reviews. Sys-
tematic reviews of published and unpublished 
data are carried out in an explicit fashion. The 
criteria for locating articles, assigning method-
ological criteria, and combing data are explicitly 
stated and are repeatable by another investigator. 
Following the location of evidence regarding 
adjuvant chemotherapy for lung cancer, a level of 
evidence could be assigned to each paper and 
then a grade of recommendation determined. 
Given a secure understanding of the soundness 
of the proposed treatment, the thoracic surgeon 
can use his/her clinical expertise to determine 
if the proposed treatment is appropriate for 
an individual patient after due consideration of 
factors such as local expertise, patient values, and 
patient preferences.

Depending on the nature of the clinical ques-
tion, the surgeon may fi nd high levels of evidence 



2. Evidence-Based Medicine: Levels of Evidence and Grades of Recommendation 17

TA
BL

E 
2.

2.
 O

xf
or

d 
Ce

nt
re

 fo
r E

vi
de

nc
e-

ba
se

d 
M

ed
ic

in
e 

Le
ve

ls 
of

 E
vi

de
nc

e 
(M

ay
 2

00
1)

.

 
 

 
 

Di
ff

er
en

tia
l d

ia
gn

os
is

/s
ym

pt
om

Le
ve

l 
 T

he
ra

py
/p

re
ve

nt
io

n,
 e

tio
lo

gy
/h

ar
m

 
  

  
  

  
 P

ro
gn

os
is 

  
  

  
  

  
Di

ag
no

sis
 

  
  

 p
re

va
le

nc
e 

st
ud

y 
  

 E
co

no
m

ic
 a

nd
 d

ec
isi

on
 a

na
ly

se
s

1a
 

SR
 (w

ith
 h

om
og

en
ei

ty
*)

 o
f R

CT
s 

SR
 (w

ith
 h

om
og

en
ei

ty
*)

 o
f i

nc
ep

tio
n 

SR
 (w

ith
 h

om
og

en
ei

ty
*)

 o
f l

ev
el

 1
 

SR
 (w

ith
 h

om
og

en
ei

ty
*)

 o
f  

SR
 (w

ith
 h

om
og

en
ei

ty
*)

 o
f l

ev
el

 1
 

 
  

co
ho

rt
 s

tu
di

es
; C

DR
† 

va
lid

at
ed

 in
 

  
di

ag
no

st
ic

 s
tu

di
es

; C
DR

† 
w

ith
 1

b 
  

pr
os

pe
ct

iv
e 

co
ho

rt
 s

tu
di

es
 

  
ec

on
om

ic
 s

tu
di

es
 

 
  

di
ff

er
en

t p
op

ul
at

io
ns

 
  

st
ud

ie
s f

ro
m

 d
iff

er
en

t c
lin

ic
al

 c
en

tr
es

1b
 

In
di

vi
du

al
 R

CT
 (w

ith
 n

ar
ro

w
 

In
di

vi
du

al
 in

ce
pt

io
n 

co
ho

rt
 s

tu
dy

  
Va

lid
at

in
g*

* 
co

ho
rt

 s
tu

dy
 w

ith
 g

oo
d†

††
 

Pr
os

pe
ct

iv
e 

co
ho

rt
 s

tu
dy

 w
ith

  
An

al
ys

is 
ba

se
d 

on
 c

lin
ic

al
ly

 s
en

sib
le

 
  

Co
nf

id
en

ce
 In

te
rv

al
‡)

 
  

w
ith

 ≥
80

%
 fo

llo
w

-u
p;

 C
DR

† 
 

  
re

fe
re

nc
e 

st
an

da
rd

s;
 o

r C
DR

† 
te

st
ed

 
  

go
od

 fo
llo

w
-u

p*
**

* 
  

co
st

s o
r a

lte
rn

at
iv

es
; s

ys
te

m
at

ic
 

 
 

  
va

lid
at

ed
 in

 a
 si

ng
le

 p
op

ul
at

io
n 

  
w

ith
in

 o
ne

 c
lin

ic
al

 c
en

te
r 

 
  

re
vi

ew
(s

) o
f t

he
 e

vi
de

nc
e;

 a
nd

 
 

 
 

 
 

  
in

cl
ud

in
g 

m
ul

tiw
ay

 se
ns

iti
vi

ty
 

 
 

 
 

 
  

an
al

ys
es

1c
 

Al
l o

r n
on

e§
 

Al
l o

r n
on

e 
ca

se
-s

er
ie

s 
Ab

so
lu

te
 S

pP
in

s a
nd

 S
nN

ou
ts

††
 

Al
l o

r n
on

e 
ca

se
-s

er
ie

s 
Ab

so
lu

te
 b

et
te

r-
va

lu
e 

or
 w

or
se

-v
al

ue
 

 
 

 
 

  
an

al
ys

es
††

††
2a

 
SR

 (w
ith

 h
om

og
en

ei
ty

*)
 o

f c
oh

or
t 

SR
 (w

ith
 h

om
og

en
ei

ty
*)

 o
f e

ith
er

 
SR

 (w
ith

 h
om

og
en

ei
ty

*)
 o

f l
ev

el
 

SR
 (w

ith
 h

om
og

en
ei

ty
*)

 o
f 2

b 
 

SR
 (w

ith
 h

om
og

en
ei

ty
*)

 o
f l

ev
el

 
  

st
ud

ie
s 

  
re

tr
os

pe
ct

iv
e 

co
ho

rt
 s

tu
di

es
 o

r  
  

>2
 d

ia
gn

os
tic

 s
tu

di
es

 
  

an
d 

be
tt

er
 s

tu
di

es
 

  
>2

 e
co

no
m

ic
 s

tu
di

es
 

 
  

un
tr

ea
te

d 
co

nt
ro

l g
ro

up
s i

n 
RC

Ts
2b

 
In

di
vi

du
al

 c
oh

or
t s

tu
dy

 (i
nc

lu
di

ng
 lo

w
 

Re
tr

os
pe

ct
iv

e 
co

ho
rt

 s
tu

dy
 o

r f
ol

lo
w

- 
Ex

pl
or

at
or

y*
* 

co
ho

rt
 s

tu
dy

 w
ith

 
Re

tr
os

pe
ct

iv
e 

co
ho

rt
 s

tu
dy

, o
r  

An
al

ys
is 

ba
se

d 
on

 c
lin

ic
al

ly
 s

en
sib

le
 

  
qu

al
ity

 R
CT

; e
.g

., <
80

%
 fo

llo
w

-u
p)

 
  

up
 o

f u
nt

re
at

ed
 co

nt
ro

l p
at

ie
nt

s i
n 

 
  

go
od

††
† 

re
fe

re
nc

e 
st

an
da

rd
s;

 C
DR

† 
  

po
or

 fo
llo

w
-u

p 
  

co
st

s o
r a

lte
rn

at
iv

es
; li

m
ite

d 
re

vi
ew

(s
)

 
  

 
  

an
 R

CT
; d

er
iv

at
io

n 
of

 C
DR

† 
or

  
  

af
te

r d
er

iv
at

io
n,

 o
r v

al
id

at
ed

 o
nl

y 
on

 
 

  
of

 th
e 

ev
id

en
ce

, o
r s

in
gl

e 
st

ud
ie

s;
 

 
 

  
va

lid
at

ed
 o

n 
sp

lit
-s

am
pl

e§
§§

 o
nl

y 
  

sp
lit

-s
am

pl
e§

§§
 o

r d
at

ab
as

es
 

 
  

an
d 

in
cl

ud
in

g 
m

ul
tiw

ay
 s

en
sit

iv
ity

 
 

 
 

 
 

  
an

al
ys

es
2c

 
“O

ut
co

m
es

” r
es

ea
rc

h;
 e

co
lo

gi
ca

l s
tu

di
es

 
“O

ut
co

m
es

” r
es

ea
rc

h 
 

Ec
ol

og
ic

al
 s

tu
di

es
 

Au
di

t o
r o

ut
co

m
es

 re
se

ar
ch

3a
 

SR
 (w

ith
 h

om
og

en
ei

ty
*)

 o
f c

as
e-

co
nt

ro
l 

 
SR

 (w
ith

 h
om

og
en

ei
ty

*)
 o

f 3
b 

an
d 

SR
 (w

ith
 h

om
og

en
ei

ty
*)

 o
f 3

b 
 

SR
 (w

ith
 h

om
og

en
ei

ty
*)

 o
f 3

b 
an

d
 

  
st

ud
ie

s 
 

  
 b

et
te

r s
tu

di
es

 
  

an
d 

be
tt

er
 s

tu
di

es
 

  
be

tt
er

 s
tu

di
es

3b
 

In
di

vi
du

al
 c

as
e-

co
nt

ro
l s

tu
dy

 
 

No
nc

on
se

cu
tiv

e 
st

ud
y;

 o
r w

ith
ou

t 
No

nc
on

se
cu

tiv
e 

co
ho

rt
 s

tu
dy

,  
An

al
ys

is 
ba

se
d 

on
 li

m
ite

d 
al

te
rn

at
iv

es
 o

r
 

 
 

  
co

ns
is

te
nt

ly
 a

pp
lie

d 
re

fe
re

nc
e 

 
  

or
 v

er
y 

lim
ite

d 
po

pu
la

tio
n 

  
co

st
s, 

po
or

 q
ua

lit
y 

es
tim

at
es

 o
f d

at
a,

 
 

 
 

  
st

an
da

rd
s 

 
  

bu
t i

nc
lu

di
ng

 s
en

sit
iv

ity
 a

na
ly

se
s 

 
 

 
 

 
  

in
co

rp
or

at
in

g 
cl

in
ic

al
ly

 s
en

sib
le

 
 

 
 

 
  

va
ria

tio
ns

.
4 

Ca
se

-s
er

ie
s (

an
d 

po
or

 q
ua

lit
y 

co
ho

rt
  

Ca
se

-s
er

ie
s (

an
d 

po
or

 q
ua

lit
y 

 
Ca

se
-c

on
tr

ol
 s

tu
dy

, p
oo

r o
r 

Ca
se

-s
er

ie
s o

r s
up

er
se

de
d 

 
An

al
ys

is 
w

ith
 n

o 
se

ns
iti

vi
ty

 a
na

ly
sis

 
  

an
d 

ca
se

-c
on

tr
ol

 st
ud

ie
s§

§)
 

  
pr

og
no

st
ic 

co
ho

rt
 st

ud
ie

s*
**

) 
  

no
ni

nd
ep

en
de

nt
 re

fe
re

nc
e 

st
an

da
rd

 
  

re
fe

re
nc

e 
st

an
da

rd
s

5 
Ex

pe
rt

 o
pi

ni
on

 w
ith

ou
t e

xp
lic

it 
cr

iti
ca

l 
Ex

pe
rt

 o
pi

ni
on

 w
ith

ou
t e

xp
lic

it 
 

Ex
pe

rt
 o

pi
ni

on
 w

ith
ou

t e
xp

lic
it 

cr
iti

ca
l 

Ex
pe

rt
 o

pi
ni

on
 w

ith
ou

t e
xp

lic
it 

 
Ex

pe
rt

 o
pi

ni
on

 w
ith

ou
t e

xp
lic

it 
cr

iti
ca

l
 

  
ap

pr
ai

sa
l, 

or
 b

as
ed

 o
n 

ph
ys

io
lo

gy
,  

  
cr

iti
ca

l a
pp

ra
is

al
, o

r b
as

ed
 o

n 
 

  
ap

pr
ai

sa
l, 

or
 b

as
ed

 o
n 

ph
ys

io
lo

gy
,  

  
cr

iti
ca

l a
pp

ra
is

al
, o

r b
as

ed
 o

n 
  

ap
pr

ai
sa

l, 
or

 b
as

ed
 o

n 
ec

on
om

ic
 

  
be

nc
h 

re
se

ar
ch

, o
r “

fir
st

 p
rin

ci
pl

es
” 

  
ph

ys
io

lo
gy

, b
en

ch
 re

se
ar

ch
, o

r  
  

be
nc

h 
re

se
ar

ch
, o

r “
fir

st
 p

rin
ci

pl
es

” 
  

ph
ys

io
lo

gy
, b

en
ch

 re
se

ar
ch

,  
  

th
eo

ry
 o

r “
fir

st
 p

rin
ci

pl
es

”
 

 
  

“f
irs

t p
rin

ci
pl

es
” 

 
  

or
 “

fir
st

 p
rin

ci
pl

es
”



18 A.J. Graham and S.C. Grondin

Pr
od

uc
ed

 b
y 

Bo
b 

Ph
ill

ip
s, 

Ch
ris

 B
al

l, 
Da

ve
 S

ac
ke

tt
, D

ou
g 

Ba
de

no
ch

, S
ha

ro
n 

St
ra

us
, B

ria
n 

Ha
yn

es
, M

ar
tin

 D
aw

es
 si

nc
e 

No
ve

m
be

r 1
99

8.
Us

er
s c

an
 a

dd
 a

 m
in

us
 si

gn
 “–

” t
o 

de
no

te
 th

e 
le

ve
l o

f t
ha

t f
ai

ls 
to

 p
ro

vi
de

 a
 c

on
cl

us
iv

e 
an

sw
er

 b
ec

au
se

 o
f:

• 
EI

TH
ER

 a
 si

ng
le

 re
su

lt 
w

ith
 a

 w
id

e 
co

nf
id

en
ce

 in
te

rv
al

 (s
uc

h 
th

at
, f

or
 e

xa
m

pl
e,

 a
n 

AR
R 

in
 a

n 
RC

T 
is 

no
t s

ta
tis

tic
al

ly
 si

gn
ifi

ca
nt

 b
ut

 w
ho

se
 c

on
fid

en
ce

 in
te

rv
al

s f
ai

l t
o 

ex
cl

ud
e 

cl
in

ic
al

ly
 im

po
rt

an
t b

en
ef

it 
or

 h
ar

m
)

• 
OR

 a
 s

ys
te

m
at

ic
 re

vi
ew

 w
ith

 tr
ou

bl
es

om
e 

(a
nd

 s
ta

tis
tic

al
ly

 si
gn

ifi
ca

nt
) h

et
er

og
en

ei
ty

.
• 

Su
ch

 e
vi

de
nc

e 
is 

in
co

nc
lu

siv
e,

 a
nd

 th
er

ef
or

e 
ca

n 
on

ly
 g

en
er

at
e 

gr
ad

e 
D 

re
co

m
m

en
da

tio
ns

.

*B
y 

ho
m

og
en

ei
ty

 w
e 

m
ea

n 
a 

sy
st

em
at

ic
 re

vi
ew

 th
at

 is
 fr

ee
 o

f w
or

ris
om

e 
va

ria
tio

ns
 (h

et
er

og
en

ei
ty

) i
n 

th
e 

di
re

ct
io

ns
 a

nd
 d

eg
re

es
 o

f r
es

ul
ts

 b
et

w
ee

n 
in

di
vi

du
al

 st
ud

ie
s. 

No
t a

ll 
sy

st
em

at
ic

 re
vi

ew
s w

ith
 st

at
is

tic
al

ly
 

sig
ni

fic
an

t h
et

er
og

en
ei

ty
 n

ee
d 

be
 w

or
ris

om
e,

 a
nd

 n
ot

 a
ll 

w
or

ris
om

e 
he

te
ro

ge
ne

ity
 n

ee
d 

be
 st

at
is

tic
al

ly
 si

gn
ifi

ca
nt

. A
s n

ot
ed

 a
bo

ve
, s

tu
di

es
 d

isp
la

yi
ng

 w
or

ris
om

e 
he

te
ro

ge
ne

ity
 sh

ou
ld

 b
e 

ta
gg

ed
 w

ith
 a

 “–
” a

t t
he

 
en

d 
of

 th
ei

r d
es

ig
na

te
d 

le
ve

l.
†C

lin
ic

al
 D

ec
isi

on
 R

ul
e.

 (T
he

se
 a

re
 a

lg
or

ith
m

s o
r s

co
rin

g 
sy

st
em

s w
hi

ch
 le

ad
 to

 a
 p

ro
gn

os
tic

 e
st

im
at

io
n 

or
 a

 d
ia

gn
os

tic
 c

at
eg

or
y.

)
‡S

ee
 n

ot
e 

#2
 fo

r a
dv

ic
e 

on
 h

ow
 to

 u
nd

er
st

an
d,

 ra
te

 a
nd

 u
se

 tr
ia

ls 
or

 o
th

er
 s

tu
di

es
 w

ith
 w

id
e 

co
nf

id
en

ce
 in

te
rv

al
s.

M
et

 w
he

n 
al

l p
at

ie
nt

s d
ie

d 
be

fo
re

 th
e 

Rx
 b

ec
am

e 
av

ai
la

bl
e,

 b
ut

 s
om

e 
no

w
 su

rv
iv

e 
on

 it
; o

r w
he

n 
so

m
e 

pa
tie

nt
s d

ie
d 

be
fo

re
 th

e 
Rx

 b
ec

am
e 

av
ai

la
bl

e,
 b

ut
 n

on
e 

no
w

 d
ie

 o
n 

it.
§§

By
 p

oo
r q

ua
lit

y 
co

ho
rt

 s
tu

dy
 w

e 
m

ea
n 

on
e 

th
at

 fa
ile

d 
to

 c
le

ar
ly

 d
ef

in
e 

co
m

pa
ris

on
 g

ro
up

s 
an

d/
or

 fa
ile

d 
to

 m
ea

su
re

 e
xp

os
ur

es
 a

nd
 o

ut
co

m
es

 in
 th

e 
sa

m
e 

(p
re

fe
ra

bl
y 

bl
in

de
d)

, o
bj

ec
tiv

e 
w

ay
 in

 b
ot

h 
ex

po
se

d 
an

d 
no

n-
ex

po
se

d 
in

di
vi

du
al

s 
an

d/
or

 fa
ile

d 
to

 id
en

tif
y 

or
 a

pp
ro

pr
ia

te
ly

 c
on

tr
ol

 k
no

w
n 

co
nf

ou
nd

er
s 

an
d/

or
 fa

ile
d 

to
 c

ar
ry

 o
ut

 a
 s

uf
fic

ie
nt

ly
 lo

ng
 a

nd
 c

om
pl

et
e 

fo
llo

w
-u

p 
of

 p
at

ie
nt

s. 
By

 p
oo

r q
ua

lit
y 

ca
se

-c
on

tro
l 

st
ud

y 
w

e 
m

ea
n 

on
e 

th
at

 fa
ile

d 
to

 c
le

ar
ly

 d
ef

in
e 

co
m

pa
ris

on
 g

ro
up

s 
an

d/
or

 fa
ile

d 
to

 m
ea

su
re

 e
xp

os
ur

es
 a

nd
 o

ut
co

m
es

 in
 th

e 
sa

m
e 

(p
re

fe
ra

bl
y 

bl
in

de
d)

, o
bj

ec
tiv

e 
w

ay
 in

 b
ot

h 
ca

se
s 

an
d 

co
nt

ro
ls 

an
d/

or
 fa

ile
d 

to
 

id
en

tif
y 

or
 a

pp
ro

pr
ia

te
ly

 c
on

tr
ol

 k
no

w
n 

co
nf

ou
nd

er
s.

§§
§S

pl
it-

sa
m

pl
e 

va
lid

at
io

n 
is 

ac
hi

ev
ed

 b
y 

co
lle

ct
in

g 
al

l t
he

 in
fo

rm
at

io
n 

in
 a

 si
ng

le
 tr

an
ch

e,
 th

en
 a

rt
ifi

ci
al

ly
 d

iv
id

in
g 

th
is 

in
to

 “d
er

iv
at

io
n”

 a
nd

 “v
al

id
at

io
n”

 s
am

pl
es

.
††

An
 “A

bs
ol

ut
e 

Sp
Pi

n”
 is

 a
 d

ia
gn

os
tic

 fi
nd

in
g 

w
ho

se
 S

pe
ci

fic
ity

 is
 so

 h
ig

h 
th

at
 a

 P
os

iti
ve

 re
su

lt 
ru

le
s-

in
 th

e 
di

ag
no

sis
. A

n 
“A

bs
ol

ut
e 

Sn
No

ut
” i

s a
 d

ia
gn

os
tic

 fi
nd

in
g 

w
ho

se
 S

en
sit

iv
ity

 is
 so

 h
ig

h 
th

at
 a

 N
eg

at
iv

e 
re

su
lt 

ru
le

s-
ou

t t
he

 d
ia

gn
os

is.
‡‡

Go
od

, b
et

te
r, 

ba
d,

 a
nd

 w
or

se
 re

fe
r t

o 
th

e 
co

m
pa

ris
on

s b
et

w
ee

n 
tr

ea
tm

en
ts

 in
 te

rm
s o

f t
he

ir 
cl

in
ic

al
 ri

sk
s a

nd
 b

en
ef

its
.

††
†G

oo
d 

re
fe

re
nc

e 
st

an
da

rd
s a

re
 in

de
pe

nd
en

t o
f t

he
 te

st
, a

nd
 a

pp
lie

d 
bl

in
dl

y 
or

 o
bj

ec
tiv

el
y 

to
 a

pp
lie

d 
to

 a
ll 

pa
tie

nt
s. 

Po
or

 re
fe

re
nc

e 
st

an
da

rd
s a

re
 h

ap
ha

za
rd

ly
 a

pp
lie

d,
 b

ut
 s

til
l i

nd
ep

en
de

nt
 o

f t
he

 te
st

. U
se

 o
f a

 
no

ni
nd

ep
en

de
nt

 re
fe

re
nc

e 
st

an
da

rd
 (w

he
re

 th
e 

“t
es

t”
 is

 in
cl

ud
ed

 in
 th

e 
“r

ef
er

en
ce

,” 
or

 w
he

re
 th

e 
“t

es
tin

g”
 a

ff
ec

ts
 th

e 
“r

ef
er

en
ce

’) 
im

pl
ie

s a
 le

ve
l 4

 s
tu

dy
.

††
††

Be
tt

er
-v

al
ue

 tr
ea

tm
en

ts
 a

re
 c

le
ar

ly
 a

s g
oo

d 
bu

t c
he

ap
er

, o
r b

et
te

r a
t t

he
 s

am
e 

or
 re

du
ce

d 
co

st
. W

or
se

-v
al

ue
 tr

ea
tm

en
ts

 a
re

 a
s g

oo
d 

an
d 

m
or

e 
ex

pe
ns

iv
e,

 o
r w

or
se

 a
nd

 th
e 

eq
ua

lly
 o

r m
or

e 
ex

pe
ns

iv
e.

**
Va

lid
at

in
g 

st
ud

ie
s t

es
t t

he
 q

ua
lit

y 
of

 a
 sp

ec
ifi

c 
di

ag
no

st
ic

 te
st

, b
as

ed
 o

n 
pr

io
r e

vi
de

nc
e.

 A
n 

ex
pl

or
at

or
y 

st
ud

y 
co

lle
ct

s i
nf

or
m

at
io

n 
an

d 
tr

aw
ls 

th
e 

da
ta

 (e
.g

., 
us

in
g 

a 
re

gr
es

sio
n 

an
al

ys
is

) t
o 

fin
d 

w
hi

ch
 fa

ct
or

s a
re

 
“s

ig
ni

fic
an

t”
.

**
*B

y 
po

or
 q

ua
lit

y 
pr

og
no

st
ic

 c
oh

or
t s

tu
dy

 w
e 

m
ea

n 
on

e 
in

 w
hi

ch
 s

am
pl

in
g 

w
as

 b
ia

se
d 

in
 fa

vo
r o

f p
at

ie
nt

s w
ho

 a
lre

ad
y 

ha
d 

th
e 

ta
rg

et
 o

ut
co

m
e,

 o
r t

he
 m

ea
su

re
m

en
t o

f o
ut

co
m

es
 w

as
 a

cc
om

pl
ish

ed
 in

 <
80

%
 o

f 
st

ud
y 

pa
tie

nt
s, 

or
 o

ut
co

m
es

 w
er

e 
de

te
rm

in
ed

 in
 a

n 
un

bl
in

de
d,

 n
on

ob
je

ct
iv

e 
w

ay
, o

r t
he

re
 w

as
 n

o 
co

rr
ec

tio
n 

fo
r c

on
fo

un
di

ng
 fa

ct
or

s.
**

**
Go

od
 fo

llo
w

-u
p 

in
 a

 d
iff

er
en

tia
l d

ia
gn

os
is 

st
ud

y 
is 

>8
0%

, w
ith

 a
de

qu
at

e 
tim

e 
fo

r a
lte

rn
at

iv
e 

di
ag

no
se

s t
o 

em
er

ge
 (e

.g
., 

1–
6 

m
on

th
s a

cu
te

, 1
–5

 y
ea

rs
 c

hr
on

ic
).

G
ra

de
s 

of
 re

co
m

m
en

da
ti

on

A 
 

 
co

ns
is

te
nt

 le
ve

l 1
 s

tu
di

es

B 
 

 
co

ns
is

te
nt

 le
ve

l 2
 o

r 3
 s

tu
di

es
 o
r 

ex
tr

ap
ol

at
io

ns
 fr

om
 le

ve
l 1

 s
tu

di
es

C 
 

 
le

ve
l 4

 s
tu

di
es

 o
r 

ex
tr

ap
ol

at
io

ns
 fr

om
 le

ve
l 2

 o
r 3

 s
tu

di
es

D
 

 
 

le
ve

l 5
 e

vi
de

nc
e 
o
r 

tr
ou

bl
in

gl
y 

in
co

ns
is

te
nt

 o
r i

nc
on

cl
us

iv
e 

st
ud

ie
s o

f a
ny

 le
ve

l

“E
xt

ra
po

la
tio

ns
” a

re
 w

he
re

 d
at

a 
is 

us
ed

 in
 a

 si
tu

at
io

n 
w

hi
ch

 h
as

 p
ot

en
tia

lly
 cl

in
ica

lly
 im

po
rt

an
t d

iff
er

en
ce

s t
ha

n 
th

e 
or

ig
in

al
 st

ud
y 

sit
ua

tio
n.

So
ur

ce
: T

he
 C

en
tr

e 
fo

r 
Ev

id
en

ce
-B

as
ed

 M
ed

ic
in

e.
 L

ev
el

s 
of

 e
vi

de
nc

e 
an

d 
gr

ad
es

 o
f 

re
co

m
m

en
da

tio
n.

 O
xf

or
d:

 T
he

 C
en

tr
e.

 A
va

ila
bl

e 
fr

om
 h

tt
p:

//
w

w
w

.c
eb

m
.n

et
/le

ve
ls

_o
f_

ev
id

en
ce

.a
sp

. A
cc

es
ss

ed
 2

5 
Au

gu
st

 
20

05
.



2. Evidence-Based Medicine: Levels of Evidence and Grades of Recommendation 19

and grades of recommendation. Many thoracic 
surgical procedures only have level 4 or 5 evi-
dence.20 This does not invalidate the process, but 
rather allows the surgeon to be aware of limita-
tions of the data and potentially to identify criti-
cal areas where further higher level studies could 
be performed.

2.5. Limitations of EBCP and 
Preprocessed Evidence

Most medical and surgical specialties have 
embraced the principles of EBM. However, discus-
sions persist among doctors as to whether or not 
EBM represents a time-consuming “cookbook” 
approach to patient care that ignores patient 
values. Although EBCP has a number of limita-
tions, we feel these limitations are outweighed by 
the advantages of an evidence-based approach.

One of the biggest concerns among busy 
practicing surgeons is the large amount of 
time required to develop and maintain an EBCP. 
Increasingly, surgeons must juggle a signifi cant 
operative workload, clinical visits, hospital 
patient care, on-call responsibilities, research, 
and administrative duties. Adding the time and 
cost to acquire a variety of new skills, such as 
critically appraising the literature and grading 
current evidence, is overwhelming if not impos-
sible. A potential solution is to become a knowl-
edgeable user of EBM using preprocessed evidence 
such as the evidence-based summaries in this 
book. This text combines the selected authors’ 
individual clinical expertise with an evidence-
based summary of the literature to provide the 
reader with information on the management of 
complex thoracic surgery problems.

Another limitation to EBCP is that it places less 
weight on hierarchical authority and nonsystem-
atic clinical observations; a concept which is 
counterintuitive to traditional surgical training 
and practice. This observation, combined with 
the fact that many surgeons do not embrace the 
best evidence because of their personalities (self-
confi dence, the need for rapid clinical decisions, 
and decisive actions during surgery), may lead to 
a diminished willingness to incorporate EBM 
principles into their practice.21

Although the limitations that have been dis-
cussed are signifi cant, we believe they can be 
overcome. Improving the number and quality of 
available research trials and teaching the princi-
ples of EBM in undergraduate and graduate 
medical training will be important for establish-
ing the widespread use of EBM.
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3
Decision Analytic Techniques
Anirban Basu and Amy G. Lehman

clinical trials, as well as incorporate patients’ 
preferences to inform the fi nal decision. There 
are several published reviews and books that are 
entirely devoted to this topic. Interested readers 
are pointed to these references.4–8 This chapter is 
intended to provide a succinct description of the 
fundamental theory and methods of decision 
analysis to clinicians, and to illustrate a stylized 
example of building a DAM based on a clinical 
choice problem in thoracic surgery.

3.1. Theoretical Foundations

The goal of a DAM is simple – it compares two or 
more treatment decisions or strategies for dealing 
with the same problem, and applies a set of rules 
to identify the preferred decision that would 
produce the maximum benefi t or the minimum 
loss. Expected utility theory is the most com-
monly used rule to calculate the fi nal outcome in 
terms of benefi ts (or loss). Under this theory, the 
fi nal outcome resulting from a treatment deci-
sion is given by

 B p bll

L
l= ⋅

=∑ 1
 (3.1)

where payoff values (bl) are associated with each 
level (l = 1,2, . . . , L) of success (or failure). The 
expected outcome is then calculated by summing 
over all levels, the product of the probability of a 
specifi c level of success (pl) with its correspond-
ing payoffs. Expected utility theory suggests that 
the preferred treatment decision is the one with 
the maximum expected benefi t (or minimum 
expected loss).

Accumulation of new and more reliable informa-
tion has been monumental over the last decades, 
mediated via unprecedented growth in biomedi-
cal and associated social sciences research.1 This 
research has certainly played a key role in the tre-
mendous improvement of health throughout the 
world. It has also complicated decision making, 
both at the individual and at the policy level, by 
presenting clinicians with an increasing number 
of medical technologies and strategies for the 
management of a given medical situation. A fun-
damental concern in clinical decision making is 
how to synthesize information about the effect of 
a medical intervention on patients with specifi c 
characteristics. Furthermore, an additional criti-
cal step involves integrating population level evi-
dence about outcomes with patient-level values for 
these outcomes in order to produce individualized 
care. Thus, individualized decisions for patients 
demand a systematic approach to sort through the 
evidence and to incorporate patients’ and their 
family members’ values and preferences into the 
decision-making processes, so as to com bine the 
much-acclaimed evidence-based medicine2 with 
the pragmatism of shared decision making.3

In this context, the decision analytic model 
(DAM) has proven to be a successful tool that 
can provide a systematic approach for decision 
makers.4–6 These models enable the clinicians to 
apply a systematic, quantitative approach called 
decision analysis and thereby assess the relative 
value of one or more options or strategies to 
approach a particular medical problem. Further-
more, the approach allows them to pool evidence 
from a variety of settings, including randomized 
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Although almost all DAM perform under the 
auspices of this simple theoretical intuition, any 
DAM that attempts to model a practical clinical 
situation can become complicated very quickly. 
Each level of success at the end depends on a 
sequence of chance outcomes and various inter-
mediate decisions that, in turn, may depend on 
further chances and decisions. Therefore, under-
standing, defi ning, and structuring the decision 
process is essential for clinical decision analysis. 
In this pursuit, a fundamental decision tool is a 
decision tree that helps the clinician to systemati-
cally display the temporal and logical structure 
of the decision problem and to thus carry out the 
analysis. In order to facilitate explanation of each 
part of this process in more detail, we begin with 
a stylized example of clinical decision making in 
thoracic surgery.

3.2. A Motivating Example

Let us begin with a common problem in thoracic 
surgery – the solitary pulmonary nodule – that 
can illustrate the basic principles of decision 
analysis. Suppose we have a patient referred to a 
thoracic surgery clinic. She is a 65-year-old 
woman who presents with an incidentally found 
solitary pulmonary nodule discovered on chest X 
ray taken in an emergency room after a minor 
motor vehicle collision. She has a 35 pack-year 
smoking history, but quit smoking 6 years ago. 
She has well-controlled hypertension, no heart 
disease, and no diabetes. She has no previous 
chest X ray with which to compare to this new 
abnormal one. The patient underwent a com-
puted tomography (CT) scan scheduled by her 
primary care doctor, and this scan shows an 8-
mm peripheral nodule with no enlarged lymph 
nodes. Let us further specify that due to the size 
of her lesion, positron emission tomography 
(PET) scan is nondiagnostic, and that due to her 
particular anatomy, she is not a candidate for 
a video-assisted thorascopic resection (VATS) 
biopsy. How shall we advise this patient? We are 
now faced with a choice in recommendations: 
watchful waiting, or perform open diagnostic 
thoracotomy. There are several considerations 
that inform our decision that have been discussed 
in detail elsewhere9; namely, we must consider 

the pretest probability of cancer, the risk of surgi-
cal complications, and whether the appearance of 
the nodule on CT suggest benign or malignant 
disease. Finally, what are the patient’s prefer-
ences given the possibility of adverse outcomes of 
open surgery? A DAM can help in the systematic 
integration of all this information in order for the 
surgeon to make an individualized and informed 
decision. A simple, stylized decision tree to 
address this clinical decision is illustrated in 
Figure 3.1. We now discuss in detail each part 
that goes into making up this decision tree and 
how one would arrive at the fi nal result.

3.3. Elements of the Decision 
Analytic Approach

3.3.1. Identify and Bound the 
Decision Problem

The fi rst step in decision analysis is to under-
stand the decision problem at hand and the par-
ticular issues associated with making that 
decision. To do this, one must defi ne the set of 
alternative actions under consideration and the 
primary outcome measure based on which deci-
sion will be made, determine the perspective and 
the time frame of the analysis, and consider 
several factors, such as the clinical characteris-
tics of the patient, which may infl uence the 
primary outcome measure. These considerations 
can be broadly classifi ed into the following:

1. Defi ne the set of alternative actions. Deci-
sion analysis always presumes that there is more 
than one action for the same decision problem. If 
this were not the case, there would be no decision 
to make. Note that one of these alternative actions 
may, and often does, include the option to do 
nothing. In our stylized example, the alternatives 
are watchful waiting versus thoracotomy.

2. Perspective. The most common perspective 
taken in clinical decision making is that of the 
patient, whose welfare is the fundamental 
outcome for the decision at stake. This is also the 
perspective we take in our example. Chapter 4 
(this book) explores the implications of the 
patient perspective in greater detail. Neverthe-
less, it is easy to foresee that a clinical decision 
based on a patient’s perspective will be integrally 
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tied with the preferences of that individual 
patient. Comprehending an individual patient’s 
preferences and incorporating them in the deci-
sion process is essential for optimal decision 
making. However, in certain acute conditions, 
where the patient’s preferences are unknown, 
alternative preferences of family members or 
sometimes those of clinicians may be used as 
proxies. More broadly, depending on the types of 
questions asked, perspectives of different stake-
holders – for example, the hospital, the health 
insurance company, and even society at large – 
may become relevant in the analyses.10 For 
example, from the hospital’s perspective, reduc-
ing inpatient mortality may be more important 
than a patient’s potentially diminished quality of 
life due to side effects of treatments. Outcomes 
such as costs and cost effectiveness may be more 
relevant to health insurance companies than to 
individual patients.

3. Clinical conditions and demographics of 
patient(s). Several risk factors affect patient out-
comes and therefore are important to consider 
when choosing between alternative therapies. A 
patient’s clinical condition constitutes the funda-
mental source of information for appropriate 
medical care. For example, surgeons require clini-
cal information on the stage, and often grade, of 
a cancer before performing a surgical resection. 
Often, information on comorbidities, such as 
genetic susceptibilities to malignancy, becomes 
critical for prescribing appropriate treatment. 
Demographics also play a key role in determining 
outcomes. For example, pretest probability of 
cancer would depend on a patient’s gender, smoking 
history, age, and possibly many other factors.

4. Time frame of analysis. The time frame of 
analysis should refl ect the time over which the 
consequences of the clinician’s choices have the 
potential to infl uence the patient’s survival and 

Dead
(1%) Dead

Payoff (QOL)
0

0.5*q1
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FIGURE 3.1. A decision tree to model the clinical decision between thoracotomy and watchful waiting.
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quality of life. In some acute conditions, the time 
frame may be the time until the patient is sent 
home from inpatient care. In chronic conditions, 
the time frame may extend up to the patient’s 
remaining life expectancy. In the clinical choice 
problem that we illustrate, the ideal time frame 
should be the lifetime of the patient because both 
the disease process as well as the potential 
complications of surgery infl uence the patient’s 
quality of life over her entire lifetime. However, 
because our analysis is a mere illustration of the 
concepts and not a substantive analysis, we will 
use a time frame of 1 year.

5. Primary outcome of interest. The optimal 
clinical decision may vary depending on what 
type of benefi ts the patients and/or the clinicians 
want to maximize. Identifying the primary 
outcome on which the fi nal decision is made is 
perhaps the most crucial issue in decision analy-
sis. Is the primary concern the survival of the 
patient over the next few months, or is the overall 
quality of life for the patient over his/her remain-
ing life expectancy the most relevant measure to 
dwell on? Answering this question often involves 
incorporating the patient’s preference and per-
spective, as well as determining the overall goal of 
medical treatment. It also uniquely determines 
what type of analysis the clinician is interested in. 
The types of analyses can be broadly classifi ed 
into four categories based on the types of out-
comes being evaluated: (1) clinical outcomes; (2) 
patient’s values about the clinical outcomes; (3) 
costs, and (4) both costs and outcomes.11

Outcomes Analysis: In such analysis, neither 
costs nor patient preferences are used to choose 
the optimal decision. Instead, the focus is entirely 
on one of the clinical outcomes (e.g., survival 
or length of hospital stay) that are used as the 
primary outcome of interest. The optimal treat-
ment is selected based on the most benefi cial 
clinical outcome (e.g., lowest mortality or short-
est length of hospital stay).

Utility Analysis: In these analyses, costs are 
not incorporated in the decision-making process; 
however, a patient’s preferences are included, in 
conjunction with the relevant clinical outcomes. 
Most clinical decisions have an effect not only on 
life and death, but also on the quality of life of 
patients, mediated through a variety of health 
states. In utility analyses, the value of any par-

ticular health state to the patient, popularly 
known as utility or quality of life (QOL) weight, 
is measured using either a time-tradeoff or stan-
dard gamble method.10,12,13 The utility for any 
health state is constructed to lie between 0 
(representing death) and 1 (representing perfect 
health). In time-tradeoff methods, patients are 
asked to trade-off a longer time in a particular 
health state for a shorter time in perfect health. 
In standard gamble methods, patients are asked 
to choose between living with a particular health 
state and a gamble between perfect health and 
death. The utility for the health state under con-
sideration is obtained at the point of indifference 
between the choices in either method. These util-
ities, multiplied with the duration of time that the 
person is in that health state under a specifi c 
decision choice, form the quality-adjusted life-
years (QALYs) corresponding to that decision. 
The decision producing the maximum QALYs is 
chosen to be the optimal one. The advantage of 
utility analyses over outcomes analyses is that a 
variety of outcomes that infl uence the patient’s 
overall quality of life can be summarized using 
one generic measure such as the QALYs, and 
therefore the effects of a decision on multiple out-
comes can be simultaneously determined and 
compared to other decisions.

We use QALYs as the primary outcome of inter-
est in our analysis.

Cost Analysis: In these analyses, only the costs 
of alternative treatments form the primary 
outcome of interest and the least costly treatment 
is recognized as the optimal choice.14 Such analy-
ses are carried out when the clinical outcomes of 
the alternative treatments are not a contentious 
issue – a situation that is becoming increasingly 
less common in clinical practice.

Cost-effectiveness Analysis: Cost-effectiveness 
analysis (CEA) compare both the resources used 
(costs) and the health benefi ts achieved (e.g., 
QALYs or simply life years) among alternative 
treatments, making these trade-offs explicit to 
both the clinician and to the patient so that 
together they can make the optimal decision for 
the patient.15,16 The practice of cost-effectiveness 
analysis when comparing two interventions, for 
example, a new treatment versus standard care, 
can be summarized as follows: the fi rst step is to 
calculate the mean costs incurred and the mean 
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benefi ts produced by each intervention; next, 
an incremental cost-effectiveness ratio (ICER) is 
formed by dividing the difference in the mean 
costs over the difference in the mean benefi ts 
between the new and standard interventions. The 
ICER represents the additional costs required by 
the new intervention in producing one extra unit 
of benefi t over that produced by the standard 
intervention. The ICER is then compared with 
the threshold value that represents the maximum 
a decision maker is willing to pay for an addi-
tional unit of benefi t.17 If the ICER is lower than 
this threshold value then the new intervention is 
deemed to be cost effective.

Because, in most cases, a substantial portion of 
the costs of health care is often borne by health 
insurance and not the patient, several interesting 
normative issues arise when an attempt is made 
to compare both costs and benefi ts simultane-
ously. A widely debated question revolves around 
whose perspective is most appropriate to consider 
when the burden of costs is distributed amongst 
patients, healthcare providers, and third-party 
payers. Furthermore, obtaining a threshold value 
that represents the maximum willingness-to-pay 
for an additional unit of benefi t is diffi cult to 
ascertain at the individual patient level. However, 
in order to preserve some notion of fairness, one 
can uniformly apply a societal threshold to all 
patients. Such discussions are beyond the scope 
of this chapter but interested readers are encour-
aged to explore this important literature.5,6

6. Other considerations. Several other consid-
erations may infl uence treatment choices. They 
include information on how much weight patients 
place on outcomes that will arise in the future 
compared to those at present time (this is popu-
larly summarized by the concept of the discount 
rate),10,11 whether consideration of the effects of 
patients outcomes on the family members are 
important,18 and how patient demographic char-
acteristics, health insurance status, and out-of-
pocket payments infl uence the primary outcome 
of interest.19,20

3.3.2. Structure the Decision Problem 
over Time

Although choosing between alternative actions is 
the primary goal of a decision analysis, often the 

decision problem will involve a temporal sequence 
of choices that inevitably infl uence the fi nal 
choice of action. Moreover, these choices may 
themselves depend on certain chance outcomes 
that may or may not be controlled by previous 
decisions. Therefore, the second step in decision 
analysis is to identify the components of the deci-
sion problem. To do this, one defi nes a structure 
for the temporal and logical sequence of choices, 
chances, and outcomes, as well as their interac-
tions, which would lead to the fi nal outcome of 
interest as defi ned in the previous step. A deci-
sion tree helps to structure this temporal decision 
problem in a systematic format. An excellent 
primer for building decision trees is given by 
Detsky and colleagues.21

Figure 3.1 illustrates the decision tree for our 
simple example on the choice between proceed-
ing to open thoracotomy and watchful waiting. 
Each point in the decision tree that leads to 
multiple outcomes or decisions is called a node. 
There are two types of nodes: (1) a decision node 
is indicated by a square box, and (2) a chance 
node is indicated by a circle. A decision node 
represents the alternative choices that are avail-
able to the clinician. A chance node represents 
the alternative outcomes and patient’s responses 
that are possible. Each chance node is associa-
ted with a probability with which a specifi c 
outcome is realized, thereby accounting for the 
inherent uncertainties in such processes. The 
rightmost column of the decision tree illustrates 
the fi nal payoffs or outcomes associated with 
each possible branch of the decision tree. Each 
branch can be visualized as a level of success 
given the initial choice of treatment, and is 
defi ned by the sequence of events starting with 
the initial treatment choice and leading up to the 
fi nal outcome.

In our example, we assume that the clinician 
makes a decision aiming to maximize the patient’s 
QALYs over the next 1-year period after consider-
ing the potential risks and benefi ts of each choice. 
If the patient undergoes open thoracotomy, the 
benefi ts will include defi nitive diagnosis (cancer 
or no cancer), as well as pathological staging and 
a potential curative resection (lobectomy) with or 
without adjuvant therapy if the nodule is indeed 
malignant. The risks include possible morbidity 
and mortality from both thoracotomy and 
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lobectomy (if needed). These outcomes generally 
depend on a number of issues, including the 
experience of the surgeon and the patient’s other 
medical comorbidities, as well as the risk of 
development of other chronic problems such as a 
post-thoracotomy chronic pain syndrome that 
would affect the patient’s quality of life.

If the patient undergoes watchful waiting, she 
avoids the comorbidities associated with thora-
cotomy. However, the patient is then subjected to 
a higher mortality risk if the nodule is indeed 
malignant; she may also suffer from the anxiety 
of not knowing whether she has cancer, and 
therefore a reduced quality of life. Please note 
that the time frame of 1 year does not permit 
the increased risk of mortality associated with a 
cancer diagnosis and the choice of watchful 
waiting to become fully realized in the real world. 
We have arbitrarily chosen this time frame to 
simplify our tree, and facilitate the model. There-
fore, the reader should be cautioned to not use 
this model for actual clinical decision making, as 
it is not clinically accurate.

The non-cancer yearly mortality risk applies 
irrespective of the choice. The associate payoffs 
include the quality of life weights of the patient. 
Death from thoracotomy happens at the begin-
ning of the period and so is assigned a QOL value 
of 0. Death from lobectomy or natural death is 
assumed to occur at the middle of the year; so 
half year of life is weighted by the patient’s QOL 
during that time. Under the thoracotomy arm, 
if the patient stays alive for the year, her QOL 
depends on the presence or absence of comor-
bidities. Under watchful waiting, death from 
cancer or natural death is also assumed to occur 
at the middle of the year. If the patient stays alive, 
then her quality of life is determined by her level 
of anxiety about cancer.

Note again, that the model in Figure 3.1 is illus-
trative and uses a very simplifi ed and stylized 
version of an actual decision-making process. 
Several additional factors, such as the sensitivity 
and specifi city of detecting cancer through tho-
racotomy, differences between clinical staging, 
and the true pathological stage and recurrence of 
cancer post-lobectomy, to name a few, must be 
considered for developing a comprehensive model 
that can appropriately represent this clinical 
situation.

3.3.3. Characterize the Information to Fill in 
the Structure

Once the clinician has identifi ed the sequence of 
choices to be made and the sequence of chance 
nodes and their associated outcomes determined 
by these choices, the next step is to obtain infor-
mation on these chances and outcomes. Choices 
at each step of the decision process can be made 
based on this information. This is the critical 
part of the decision model because the quality of 
information that goes into these chance nodes 
entirely determines the credibility of the decision 
model and the decision it generates.

Bayes’ formula provides the key theoretical 
insight for determining what types of informa-
tion are required.22,23 The classic example for 
application of the Bayes’ formula lies in the inter-
pretation of results from a diagnostic test. For 
example, given that a diagnostic test correctly 
detects a clinical problem 90% of the time (speci-
fi city – a measure of prior belief) and correctly 
detects the absence of a clinical problem 85% of 
the time (sensitivity – also a measure of prior 
belief), what is the probability that the patient 
has the problem (posterior belief about success in 
diagnosis) given a positive or negative test result 
(evidence)? This question is readily answered 
using the Bayes’ formula. We now provide a more 
intuitive discussion on the Bayes’ formula.

A clinician is often interested in knowing about 
the probability of success (at any chance node) 
associated with a treatment decision for a patient, 
based on the current evidence on success rates 
with that decision. However, the clinician can 
only observe, from published research and his or 
her own experience, the likelihood of evidence 
given some underlying prior belief about success 
rates. Bayes’ formula, as shown below, helps the 
clinician to go from the latter quantity to the 
former one.

 

Pr
Pr Pr

Pr

Success Evidence
Evidence Success Success

Evidence

( )

=
( ) × ( )

( )  
(3.2)

where Pr(x|y) represents probability of x condi-
tional on or given y. Here, Pr(Evidence|Success) 
indicates the likelihood (or probability) of 
observing the data that clinicians observe in 
practice or in clinical trials given a specifi c 
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hypothesis about the prior belief on success rates. 
Often, there will be uncertainty regarding the 
true success rates and there may be more than 
one prior belief. However, once new evidence 
(e.g., observed data in clinical trials) is revealed, 
the likelihood of that evidence under a variety of 
prior beliefs becomes known. Consequently, one 
can feel more confi dent to restrict the beliefs on 
success rates to those ranges that correspond to 
the highest likelihood for the evidence. These 
new updated beliefs then form the evidence-
based posterior beliefs based on which that 
particular chance node in the model can be 
informed.

Note that although this exposition of Bayes’ 
formula suggests a prospective process of updat-
ing beliefs and information about specifi c param-
eters in the model, it also can be readily applied 
to generate a current estimate of success rates 
that seem most likely given all the evidence that 
has accumulated to date. Thus, the role of evi-
dence is important because more evidence would 
tend to strengthen the posterior beliefs and dispel 
a larger part of uncertainty associated with prior 
beliefs. Incorporating all relevant evidence into 
the model is accomplished by a detailed search 
on the published and possibly unpublished 
research literature that point to evidence for the 
specifi c parameters in the model. Posterior esti-
mates of parameters are generally weighted by 
the quality of evidence as defi ned by sample size, 

study design, and use of robust analytical 
methods.

Information gathering for decision analysis 
almost always uses one or more of the following: 
literature review, meta-analysis, primary data 
collection, and consultation with experts.5,6

The relevant information for our model and 
their sources are outlined in Table 3.1. Because 
we are using a stylized example, we will use point 
estimates for our model parameters that reason-
ably lie within the widely disparate ranges that 
are reported in the literature concerning morbid-
ity and mortality from thoracic procedures. In a 
more formal treatment of this problem, one has 
to pay considerable attention to pooled and meta-
analyzed available evidence so as to obtain esti-
mates that more closely refl ect true values and 
also properly account for uncertainties from 
multiple sources. We discuss these sorts of issues 
further in section 3.5.

Attention should also be paid to the timeliness 
of information. For example, estimates given in 
Table 3.1 do not account for the fact that pub-
lished literature shows a consistent trend over 
time toward lower morbidity and mortality from 
thoracic procedures, probably resulting from a 
combination of improved technique, improved 
anesthesia, and improved performance by dedi-
cated thoracic surgeons, as well as the vast 
improvements in adjuvant chemotherapy therapy 
now available to patients.

TABLE 3.1. Information on parameters for the choice between thoracotomy and watchful waiting.

Description Value References

Pr(death due to thoracotomy)  1% 24
Pr(cancer|patient characteristics) 37% 25
Pr(stage I|cancer, patient characteristics) 54% 26
Pr(death|lobectomy, stage I cancer)a 3% + 12% 27
Pr(co-morbidities|lobectomy, no death) 25% 28
Pr(death|lobectomy, stage II cancer)a 5% + 12% 27
Pr(comorbidities|thoracotomy, no death) 19% 29
Pr(death|watchful waiting, stage I cancer) 18% 30, 31
Pr(death|watchful waiting, stage II cancer) 36% 30, 31
Pr(death|watchful waiting, no cancer, patient characteristics) 12% 32, 33, 34
QOL(alive with no comorbidity & no cancer) 1 Standard
QOL(comorbidities due to lobectomy) = q2 = 0.9*q1 Assumed
QOL(comorbidities due to thoracotomy) = q1 0.90 Assumed
QOL(alive with the anxiety of knowing that cancer might be present) = q3 0.80 Internal data
QOL(death) 0 Standard

aWe model this probability as inclusive of the probability of natural death given no cancer, i.e., Pr(death|lobectomy, stage I cancer) = Pr(death due to 
lobectomy) + Pr(death|watchful waiting, no cancer, patient characteristics).



28 A. Basu and A.G. Lehman

3.3.4. Apply Decision Analysis

The fi nal step is to synthesize the information 
gathered and the choices made in the process of 
decision making. This will allow us to obtain 
estimates of the primary outcome of interest that 
can be directly compared, in order to choose 
among alternative actions. This is accomplished 
by working backwards, that is, from right to left, 
on our decision tree for which we have fi lled 
in probability values for nodes. At decision 
nodes, we roll back (alternatively, the term fold 
back is also used5) along the best choices – in 
effect, the choices that maximize gain or mini-
mize harm. At chance nodes, we average out 
along all branches, yielding an expected value, 
such as QALYs, expected number of days of hos-
pital stay, or expected risk of postoperative sur-
vival, etc.

Consider the expected QALYs of lobectomy for 
the patient after she survives thoracotomy with 
comorbidities and is detected with stage I cancer 
and undergoes lobectomy. Let the q1 and q2 be 
utility weights for comorbidities due to thora-
cotomy and lobectomy, respectively. As men-
tioned previously, we also assume that death 
occurs on average at the middle of the year. The 
levels of outcomes possible are (1) death from 
lobectomy (payoff = 0.5*q1); (2) survive with 
comorbidities from lobectomy (payoff = 0.5*q1 + 
0.5*q2); and (3) survive without comorbidities 
from lobectomy (payoff = q1). The overall expected 
payoff is then calculated using the formula in 
Equation 3.1, by multiplying the corresponding 
probability of each level of outcome (Table 3.1) 
with it corresponding payoffs. This process is 
repeated for each possible level of outcome under 
thoracotomy and under watchful waiting.

Based on the parameter estimates in Table 3.1, 
thoracotomy produces an expected QALY of 
0.899 while watchful waiting produces an ex -
pected QALY of 0.731. This is our baseline result, 
which reveals that thorocotomy may be the optimal 
decision for this patient.

3.3.5. Sensitivity Analysis

Clinical decision making using a DAM is usually 
followed by an assessment of the strength of the 

fi nal decision that can be accomplished by quan-
titatively assessing the sensitivity of the fi nal 
decision to the structural assumptions of the 
models and feasible alternative information sets. 
This is done by substituting a range of values 
for those parameters that are believed to be the 
most variable in practice. If the conclusions of 
the model are robust over a range of values for 
each node, then one can feel very comfortable 
with the decision that the model suggests. If 
the decision changes as values are varied, then 
one must be pay closer attention to those par-
ameters and try to get a better sense of the par-
ameters for the case at hand. This exercise 
will produce a threshold value where two deci-
sions stand at equipoise. In this latter case, 
the strength of the data used to generate the 
parameter estimates becomes exceedingly 
important.

In our case, we vary the QOL of the patient 
anxiety and that of the comorbidities of thora-
cotomy to see how our baseline result change. 
Figure 3.2 shows the phase diagram for this 
sensitivity analysis. In the diagram, the y-axis 
represents different levels of QOL for anxiety, 
while the x-axis represents different levels of 
QOL for thoracotomy-related comorbidities. The 
area in the graph identifi es the regions where, 
conditional of the respective QOL weights, either 
thoracotomy or watchful waiting is more benefi -
cial. As evident from Figure 3.2, a patient with 
high levels of anxiety [i.e., low QOL(Anxiety)] 
would benefi t from thoracotomy. A patient 
with low anxiety [i.e., high QOL(Anxiety)] but 
low QOL(complications of thoracotomy) would 
benefi t from watchful waiting. Such phase dia-
grams can help clinicians identify where their 
patient lie in this graph so that they can make an 
informed decision about treatment choices.

Phase diagrams, as in Figure 3.2, can be pro-
duced based on several other parameters in the 
model. However, multiple phase diagrams can 
easily make the decision as complicated as it 
was to begin with, and hence lose the utility of 
DAMs. Such scenarios, where there are consider-
able uncertainties and heterogeneity in several 
parameters in the model, can be addressed using 
probabilistic analysis, which we discuss in 
section 3.5.
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3.4. Clinical Decision Analysis in 
Thoracic Surgery

Heretofore, DAMs have been used to address a 
number of issues and/or problems in thoracic 
surgery. Many of these issues and controversies 
will be more thoroughly explored in the context 
of this book. Some examples of models that have 
been published in the past include those that 
evaluate different surgical techniques,35 whether 
or not to proceed to more invasive and/or aggres-
sive treatments given a common problem in tho-
racic surgery,36,37 and appropriate management of 
certain types of metastases,38 to name a few. The 
perspectives that have been used include: the 
patient’s perspective (as we have, and is most 
common in clinical DAMs); the treating hospi-
tal’s perspective; and the government’s perspec-
tive, via Medicare and Medicaid programs. Many 
DAMs use clinical conditions of patients that 
have been somewhat simplifi ed, although this 
may change as older, sicker patients undergo tho-
racic procedures, and new data are generated 
about their outcomes. Time frames tend to be 
dominated by traditional markers of success or 
failure in surgery; that is, 30-day morbidity 
and mortality or 1- to 5-year survival. There are 
centers,39 however, that have published long-term 
data. Such information will become increasing 
relevant and important as outcomes of interest 

expand to include measures like QALYs and cost-
effectiveness ratios that usually require long time 
frames for appropriate conclusions to be drawn. 
These longer term time horizons are more com-
monly found when a DAM incorporates data 
from sources like the Surveillance, Epidemiol-
ogy, and End Results database or the Veterans 
Administration Hospitals extensive database, 
where patients are followed for many years. 
Several different primary outcomes of interest 
have been measured, including mortality, par-
ticular morbidities for certain operations, and 
length of hospital stay, as well as QOL, cost effec-
tiveness, and patient satisfaction.

The chief problem with many of the published 
DAMs revolves around the fact that almost all 
point estimates are generated from a few retro-
spective studies or blinded, prospective, random-
ized trials, mostly comprised of a handful of 
patients. The robustness of these estimates can be 
greatly improved by meta-analyzing the data 
across studies and properly accounting for the 
uncertainties arising out of different sources. 
For example, one DAM compares three choices 
concerning optimal management for patients 
undergoing esophagectomy for carcinoma of the 
esophagus40 and bases all probabilities on a single, 
randomized, prospective trial that compared the 
use of pyloroplasty with non-use.41 However, in 
the 72 patients enrolled, there was no statistically 
signifi cant difference demonstrated between 

FIGURE 3.2. Sensitivity analysis of the 
baseline QALY result with respect to QOL 
weights for patient’s anxiety and of 
thoracotomy-related comorbidities. The 
shaded and the blank areas in the graph 
identify the values of QOL weights for 
which thoracotomy or watchful waiting 
produces the maximum expected QALY, 
respectively.
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populations. In addition, there was little explora-
tion of the potential negative side effects of both 
procedure non-use and use from the patient’s per-
spective; that is, which might decrease quality of 
life more: delayed gastric emptying or dumping 
syndrome? Though the model is very insightful, 
it is also quite hypothetical – just as our example 
is in this chapter. Therefore, to overcome these 
sorts of limitations, one can employ more 
advanced techniques that have been developed by 
practitioners of decision analysis.

3.5. Advanced Issues in Decision 
Analytic Techniques

The discussions below are an attempt to provide a 
general understanding of the advanced issues in 
modeling and analysis. It does not, in any way, serve 
to provide a comprehensive review of these topics. 
More importantly, we recommend that clinicians 
interested in taking advantage of these advanced 
techniques consult with professionals who are well 
versed with the nuances of these methods.

3.5.1. Markov Models

Although decision trees provide intuitive repre-
sentation of the disease process and the conse-
quences of choice over a short time period, they 
can get extremely complicated when extended 
over long periods of time. To address this situa-
tion, one can use a Markov process that is a mod-
eling technique based on matrix algebra. The 

fundamental idea behind these models is that, 
instead of considering health state transitions 
over a short period of time, as in decision trees, 
a Markov process is concerned with transitions 
during a series of short time intervals or cycles.

For example, consider the watchful waiting 
arm of the decision tree in Figure 3.1. One can 
revise the model to include a bi-annual follow-up 
for detecting whether the lesion is growing or 
not. The probability that the clinician would fi nd 
an advanced lesion in the next follow-up will be 
based on the natural progression of cancer over 
time. In order to model the progression of cancer, 
the cancer can be delineated into mutually exclu-
sive health states based on its stage and grade. An 
example of such a model, borrowed from our col-
league David Meltzer’s work in prostate cancer, 
is shown in Figure 3.3, also known as a bubble 
diagram. Each health state, defi ned by a combi-
nation of stage and grade, is represented by a 
bubble. The fi gure represents progression of 
cancer by stage and grade leading up to cancer-
related death. The patient begins in one of these 
bubbles and in every cycle, with some transition 
probabilities, either stays in that bubble or moves 
to another bubble representing an advanced 
health state. The sum of all transition probabili-
ties in a cycle must add up to one because, by 
defi nition, a patient has to be in one of the 
mutually exclusive health states. The transition 
probabilities can vary with time (or number of 
cycles) and also with patient characteristics such 
as age of diagnosis. The transition probabilities 
determine the progression of the disease over 

FIGURE 3.3. Structure of a Markov model 
for cancer progression
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time, and therefore are critical in evaluating 
the costs and outcomes of any intervention at a 
particular point in time. We refer interested 
readers to some of the applications of Markovian 
processes in decision models available in the 
literature.42–46

3.5.2. Probabilistic Analysis

Uncertainty remains an integral part of any 
analysis. Although a part of this uncertainty 
is refl ected in the probability estimates used in 
decision models (e.g., such as those in Table 3.1), 
they do not refl ect the overall uncertainty for an 
outcome. For example, if we say that Mrs. X has 
a 40% chance of having cancer, we make a state-
ment about a population comprised of millions 
of Mrs. X clones in which 40% of them will have 
cancer and 60% will not. When the clinician is 
faced with one Mrs. X from that population, her 
true cancer status is not known with certainty. 
But by incorporating the point estimate of 40%, 
the clinician can characterize the uncertainty 
that she might fall in the part of the population 
who has cancer. This type of model, as the one we 
illustrate above, is called a deterministic model 
as one uses predetermined point estimates for 
probabilities to refl ect the uncertainty.

However, we seldom know how many patients 
in that population truly have cancer; instead, we 
rely on a random sample from the population to 
determine how many patients in that sample have 
cancer. If we fi nd 40% of patients in the sample 
have cancer, it gives us a reasonable estimate for 
the population, but not the exact estimate. That 
is, 35% of patients in the population may truly 
have cancer, while in the random sample we have 
chosen, 40% show up with cancer. The bigger the 
sample size, the closer will be the sample esti-
mate to the population estimate. Hence, there 
remains a degree of uncertainty about the true 
value of the population parameter because we 
almost always infer based on a fraction of that 
population.

The traditional way to deal with uncertainty is 
to a perform sensitivity analysis by varying the 
parameter of interest across a range of values and 
observing the changes in outcomes associated 
with it, as we have shown in our stylized example. 
However, there are several limitations to this 

method. One-way or two-way sensitivity analysis 
may severely undermine the effect of uncertainty 
in a multiparameter model. Multiple-way sensi-
tivity analysis can easily become extremely 
complicated as to disallow straightforward inter-
pretation. Even in the absence of complicated 
analysis, traditional sensitivity analysis can iden-
tify the optimal decision if only the true values of 
the parameters are known, as, for example, in the 
case of patient preferences that can be directly 
measured. This poses problems for the clinicians 
who may often fi nd it hard to use sensitivity anal-
ysis results in clinical decision making due to lack 
of guidance and uncertainty about the true value 
of many clinical parameters.

Probabilistic analyses help to characterize 
these uncertainties in the model parameters and 
to arrive at the fi nal decision by simultaneously 
averaging out the uncertainties in multiple 
parameters. In these models, instead of specifi c 
point estimates of different parameters in the 
model, one specifi es distributions for these input 
parameters where these distributions might 
center on the point estimates. Using Monte Carlo 
techniques, a patient is then propagated through 
the model several times (iterations), each time 
with random values of a parameter drawn from 
its respective distribution. The costs and out-
comes are then averaged over all iterations and 
compared across treatment options.

A good example of a probabilistic analysis can 
be found Andrew Brigg’s work on gastroesopha-
geal refl ux disease.47

3.5.3. Bayesian Meta-analysis

Bayesian meta-analysis is a sophisticated hierar-
chical modeling approach that utilizes the 
concept of Bayes’ theorem discussed earlier. It 
summarizes and integrates the fi ndings of 
research studies in a particular area. One can 
obtain the posterior distribution of Pr(Success|
Evidence), that is the current distribution of 
belief about success rates given all the past evi-
dence, and directly use it as an input in a proba-
bilistic analysis. Such an approach provides a 
combined analysis of studies that indicate the 
overall strength of evidence for a success while 
properly accounting for multiple sources of 
uncertainty.
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For example, suppose there are four studies 
with varying sample sizes indicating that a 
woman with a smoking history similar to that in 
our example has a pretest probability of cancer of 
60%, 45%, 30%, and 75%, respectively. Perhaps 
we also know, from even bigger studies, that 
women are 1.5 times more likely than men to 
have a lung cancer unrelated to their smoking, 
while a person with a signifi cant smoking history 
is 9 times more likely to have cancer than a never-
smoker. A Bayesian meta-analysis can combine 
this prior information on the effects of gender 
and smoking history with the data from the four 
samples to produce the posterior distribution of 
the pretest probability of cancer for this female 
patient given all relevant evidence.

With the advent of the Society of Thoracic Sur-
geons General Thoracic Surgery Database, these 
methods will be most relevant for the fi eld of 
thoracic surgery in order to synthesize informa-
tion arising out of a large number of prospec-
tively collected data.

Several books on Bayesian estimation and 
meta-analysis have been written and several 
examples of Bayesian meta-analysis can be found 
in the literature. Interested readers are encour-
aged to explore Peter Congdon’s book on this 
topic.48 Of interest to the readers of this book may 
be the work by Tweedie and colleagues, who 
perform a Bayesian meta-analysis of the pub-
lished literature to determine the association 
between incidence of lung cancer in female never 
smokers and exposure to environmental tobacco 
smoke.49 Bayesian meta-analysis can be most 
conveniently implemented using freely available 
software called the WinBUGS (http://www.mrc-
bsu.cam.ac.uk/bugs).

3.5.4. Value of Information Analyses

As we discussed earlier, probabilistic models 
often can provide a more effi cient way to address 
uncertainty in decision models. It provides the 
clinician with a sense of the strength of evidence 
for an optimal decision after accounting for mul-
tiple sources of uncertainty. It also provides the 
basis for conducting value of information analy-
sis on specifi c parameters. In these analyses, 
uncertainties in parameter estimates that trans-

late into uncertainties surrounding the outcome 
of interest can be used to establish the value of 
acquiring additional information by conducting 
further research. Information is valuable because 
it reduces the expected costs of uncertainty sur-
rounding a clinical decision. The expected costs 
of uncertainty are determined by the probability 
that a treatment decision based on existing infor-
mation will be wrong and by the consequences (or 
costs) if the wrong decision is made. The expected 
costs of uncertainty can also be interpreted as the 
expected value of perfect information (EVPI), 
because perfect information (an infi nite sample) 
can eliminate the possibility of making a wrong 
decision. It is also the maximum a decision maker 
should be willing to pay for additional evidence 
to inform this decision in the future. Such analy-
ses can identify research priorities by focusing on 
those parameters where more precise estimates 
would be most valuable.50–52

Additionally, an analogous type of calculation 
may be done on heterogeneous parameters such 
as quality of life weights and patient’s preferences 
and attitudes towards treatment. Knowing this 
information can help clinicians make individual-
ized decisions by incorporating patients’ values 
and preferences into the process of making 
treatment decisions. Concretely, clinicians might 
pursue this approach using a variety of decision 
aids that are designed to facilitate transmission 
of information on patients’ values and prefer-
ences to physicians. These decision aids are often 
expensive in terms of program development 
and implementation as well as in time costs for 
patients and physicians.53 Therefore, in order to 
decide how to best allocate limited resources 
towards decision aids and similar approaches to 
implementing individualized care, it is impor-
tant to have information on the potential social 
value of such endeavors and which dimensions of 
patient preference are most valuable to elicit. 
This is accomplished by the Expected Value of 
Individualized Care (EVIC) analysis.54 EVIC rep-
resents the expected costs of ignorance of patient-
level heterogeneity. It is the potential value of 
research, as compared to optimal population 
level decision making, to elicit information on 
heterogeneous parameters so that individualized 
information about each patient can be conveyed 
to the physician.
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3.6. Conclusions

Decision analytic modeling is a systematic 
approach to integrating information about a 
variety of different aspects of clinical decision 
making. It helps the clinician to make an objec-
tive decision by incorporating both the popula-
tion-level evidence on outcomes and also the 
individual-level preferences in the decision-
making process. It is worthwhile to issue a 
reminder at this point that the sole purpose of 
DAM is to provide information in a systematic 
way so as to facilitate decision making based 
on best and comprehensive evidence. Decision 
analytic modeling, although viewed by some 
clinician and researchers as prescriptive, only 
prescribes the consideration of a decision to be 
optimal and should not be viewed as the fi nal 
prescription for the patient. Decision analytic 
modeling in no way serves to make a decision for 
the clinician, who must utilize his/her own exper-
tise to interpret the evidence placed in front him/
her and determine the relevance of this evidence 
in the context of an individual patient’s case.

The tension inherent in any DAM lies between 
the desire to create a model that is conceptually 
rich – to more accurately refl ect the complexity 
of real-world decision making – that is also some-
what data poor, versus creating a more simple 
model which utilizes few, highly reliable esti-
mates. However, if real-world decision making 
does demand a richer model, we believe that it is 
more appropriate to develop such a model, even 
if subjective decisions and estimates inform some 
parts of this model. We say this because often in 
real-world clinical practice, such subjective deci-
sions and estimates do play a part in clinical deci-
sion making. Decision analytic modeling helps to 
translate these subjective estimates into a formal 
statement about uncertainty and help clinicians 
understand the implications of these uncertain-
ties in the decision process. It also helps clini-
cians to identify priorities in research areas and 
patient preferences that are most critical for 
patient outcomes.

Most DAMs in thoracic surgery have focused 
on information from clinical data. Such informa-
tion is certainly crucial and forms the backbone 
of a DAM. However, any attempt to translate effi -
cacy information available from clinical trials 

and other studies into effectiveness for a given 
patient requires a careful examination of patient 
preferences and behavior. Therefore, creating 
models that accurately refl ect the choices at hand 
requires a fusion of several types of information. 
This information can be crudely divided into two 
categories – information that is derived from bio-
logical science, and that derived from social 
science. As we learn more about the genetic 
behavior and cell biology of tumors, as well as 
genetic information about individual patients, 
clinical decision making will most certainly be 
impacted. But this sort of information must be 
contextualized within the study of actual human 
behaviors – information that is captured by fi elds 
as diverse as behavioral and classical economics 
to statistics to political science to epidemiology. 
Consequently, it is imperative that surgeons and 
practitioners in these other fi elds collaborate if 
DAMs are to function as nuanced, effective tools 
to improve the clinical outcomes, and indeed the 
lives, of patients.
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Nonclinical Components of Surgical 
Decision Making
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ers as well. Whether surgeons stopped perform-
ing the operation because of lack of reimbursement 
or as an acknowledgement of scientifi c uncer-
tainty is unclear. It is clear, however, that the 
sharp decline in the number of procedures was 
temporally related to CMS intervention. Subse-
quent CMS policy partly limited surgical decision 
making because reimbursement was limited to 
eligible patients and surgeons.

Professional organizations can also play a role 
in decision making by effectively regulating 
surgeon-directed clinical practice in the setting 
of clinical uncertainty. For example, through 
educational and advisory statements, the Ameri-
can Society of Colorectal Surgeons strongly in -
fl uenced its membership to avoid performing 
laparoscopic procedures for colorectal cancer 
despite the use of these interventions by many 
surgeons for benign disease. There was no similar 
“prohibition” by thoracic surgical professional 
organizations in 1994, and these circumstances 
may have “permitted” surgeon-level, non-
evidence–based decision making to fl ourish with 
LVRS. The case of LVRS reveals that many non-
clinical factors involving patients, surgeons, and 
the practice environment can infl uence surgical 
decision making.

4.1. Methodology for 
Evaluating Nonclinical Factors of 
Decision Making

Previous investigations of nonclinical factors 
infl uencing clinical decision making have used 
qualitative or semiquantitative research meth-

Examining surgical trends before the National 
Emphysema Treatment Trial (NETT) demon-
strates the importance of nonclinical determi-
nants of care. The number of lung volume 
reduction surgery (LVRS) claims increased dra-
matically after 1994 despite the fact that there was 
considerable uncertainty in the available evi-
dence base.1 Favorable media reports and testi-
monials from patient advocacy groups may have 
infl uenced both patient and surgeon attitudes 
about LVRS.2 Some surgeons felt that investiga-
tions prior to the NETT demonstrated clear and 
dramatic improvements in quality of life, suffi -
cient to justify Medicare reimbursement for the 
procedure.3 Accordingly, they believed the NETT 
was a form of coercion because patients who 
refused to enroll in the study would not have 
fi nancial coverage of their LVRS or receive the 
operation from a NETT surgeon. Furthermore, 
even if patients enrolled, the study deprived half 
of them a procedure with “established” benefi ts. 
Surgeons less comfortable with this level of scien-
tifi c uncertainty may have decided against per-
forming the procedure. Nonsurgeon observers 
proposed that surgeons were motivated by fi nan-
cial gains, as the procedure was relatively inex-
pensive and reimbursement was generous.2 In 
addition to potential patient and surgeon infl u-
ence, third-party coverage had an effect on 
decision making as evidenced by the dramatic 
decrease in the number of operations upon sus-
pension of Medicare reimbursement in December 
1995.4 Because many third-party payers base their 
coverage plans on Centers for Medicare and Med-
icaid Services (CMS) guidelines, this policy likely 
affected many non-Medicare patients and provid-
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odologies – such as surveys, case vignettes, 
and decision-analytic modeling – all of which 
have important methodological limitations.5 
Clinicians often fi nd qualitative research (i.e., 
focus groups and key informant interviews) dif-
fi cult to interpret because the question of gener-
alizability is more problematic and because this 
approach does not test hypotheses. Rather, qual-
itative research helps develop hypotheses that 
may then be evaluated using semiquantitative 
evaluations such as surveys. Surveys are diffi -
cult to interpret because of their limited gener-
alizability to those who respond, the degree to 
which the question being asked is understood 
by the respondent, and, in the case of physician 
surveys, the extent of socially normative re -
sponses. Socially normative responses occur 
when members of a group provide “acceptable” 
answers to questions when the “real” answer 
would generate negative social judgments. These 
socially normative answers can also occur in the 
setting of anonymous surveys but are more 
common when the individuals are identifi ed. In 
quantitative evaluations of these issues, such as 
in a prospective cohort that includes data on 
beliefs and attitudes of the surgeon and patient, 
the number of variables of interest and potential 
for confounding may be overwhelming. Methods 
less familiar to surgeons, such as the factorial 
experimental design, may partly overcome these 
obstacles. Factorial design allows comparisons 
of differential groupings of categorical variables. 
For example, fi ve dichotomized variables have 
32 (25) unique groupings that one can analyze 
using hierarchical logistic regression. In essence, 
factorial design can estimate the individual and 
combined effects of many variables, allowing 
some control of confounding, and may facilitate 
studies trying to quantify the infl uence of clini-
cal and nonclinical variables. The complexity 
of the calculations rises with the number of 
variables and combinations of variables, and 
thus even this study design has practical limits 
in terms of the number of variables it can 
analyze. Of greatest importance to the surgeon 
interested in assessing this complicated line of 
research is the need to collaborate with behav-
ioralists and biostatisticians with relevant 
knowledge and experience in alternative research 
methods.

4.2. Surgeon Factors Related to 
Clinical Decision Making

As demonstrated in the LVRS example, the clini-
cal decision-making process appears to be infl u-
enced by surgeons factors. These factors include 
the surgeon’s tolerance of uncertainty, how 
willing they are to take risks in clinical care, the 
demographic characteristics of the surgeon, and 
their level and type of training.

4.2.1. Impact of Risk-Taking Attitude on 
Clinical Decision Making

Because clinical decisions are made under condi-
tions of uncertainty, reactions to uncertainty and 
attitudes toward risk taking may have important 
implications on clinical decision making. There 
is a limit in our understanding of the degree to 
which this issue infl uences surgical care.6 Several 
investigators have developed instruments to 
assess risk taking among physicians. Nightingale 
and colleagues7–9 have developed a two-question 
test that has been frequently used to assess the 
degree to which physicians view themselves as 
risk seeking or risk averse. In Nightingale’s study, 
respondents’ willingness to gamble for their 
patients in both the face of gain and in the face 
of loss is measured. Those who refuse to gamble 
in the face of loss are considered risk averse. The 
fi rst question:

(1) Choose between two new therapies for a 
healthy person:
(A) 100% chance of living 5 years more than 

the average person
 0% percent chance of living 0 years more 

than the average person
Or
(B) 50% chance of living 10 years more than 

the average person
 50% chance of living 0 years more than 

the average person

If the physician selects A, there is a moderate 
gain and no chance of failure. If they select option 
B, there is a chance for signifi cant gain, but also 
a risk of complete failure. The second question is 
stated in a similar manner, but evaluates the will-
ingness to accept loss for the patient:
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(2) Choose between two new therapies for a sick 
person:
(A) 100 % chance of living 5 years less than 

the average person
 0% chance of living 10 years less than the 

average person
Or
(B) 50% chance living just as long as the 

average person
 50% chance of living 10 years less than 

the average person

Answer A minimizes loss while answer B sub-
jects the patient to a smaller risk of great loss and 
a possible risk of no loss. The same question is 
posed in two different ways to determine a per-
son’s willingness to gamble in the face of gain 
(the fi rst case) and in the face of loss (the second 
case). One set of studies7–9 performed by Nightin-
gale examined physicians’ risk preferences and 
the relationship of such preferences to laboratory 
test usage, critical care decision making, and 
emergency room admissions. Although no sig-
nifi cant association was found between the item 
“dealing with a gamble in the face of gain” and 
resource utilization, in all three of Nightingale’s 
studies, a signifi cant correlation was found 
between resource utilization and risk preference 
in the face of loss. The more often physicians 
chose the second gamble, the more likely they 
were to utilize additional medical resources to 
rule out uncertain conditions than those who 
chose the certain outcome. Therefore, when faced 
with possible loss, the physician preferred to 
minimize loss and fail in half of these attempts 
than accept a certain loss. Other authors10 have 
found that the “fear of failure” paradigm in risk 
taking is less consistent but varies based on the 
mode of testing10 or across different cultures.11 
They also found that physicians who chose to 
gamble in the face of loss were also more likely to 
order more testing procedures.

4.2.2. Surgeon Age

Although little data exist on the extent to which 
surgical decision making is related to risk taking 
behavior and comfort with ambiguous situations, 
a recent study by Nakata and colleagues12 explored 
the relationship between risk attitudes and demo-

graphic characteristics of surgeons and anesthe-
siologists. The authors distributed a survey on 
clinical decision making and expected life years 
to 122 physicians in Japan. Participants were 
asked to read a brief scenario designed to produce 
certainty equivalents for two gambles, one framed 
as though the respondent were a patient (of the 
participant’s same age) and the other framed as 
though the respondent were a physician. Both 
scenarios ask the respondent to state their will-
ingness (yes or no) to undergo a treatment with 
a success rate of 80% (i.e., the probability of 
failure is 20%) with the assumption that they will 
live for 20 years if the treatment is successful but 
will die immediately if the treatment fails. The 
scenario also states that they will be guaranteed 
to survive 18 years if they do not choose the treat-
ment. The questions were repeated with 2-year 
differences in expected longevity. Based on the 
certainty equivalents from the responses, partici-
pants were defi ned as risk averse, risk neutral, 
and risk seeking. Results from the 93 physicians 
who completed the questionnaire (38 anesthesi-
ologists and 55 surgeons) showed no signifi cant 
differences in the number and percentage of risk 
seekers between groups. Comparisons by gender 
and specialty did not reveal any signifi cant dif-
ferences in risk preference, nor was risk attitude 
affected by how the question was framed (as a 
physician or patient). However, results did indi-
cate that the physician’s age was a statistically 
signifi cant predictor of risk attitude. Specifi cally, 
the older the physician, the more risk averse they 
were. The authors interpreted this to mean that 
based on experience and judgment, older physi-
cians may shy away from risk and younger physi-
cians may be more willing to gamble.

4.2.3. Surgeon Gender

Clinical decisions may also be affected by surgeon 
demographics, such as physician gender, and, 
given the paucity of female thoracic surgeons 
(2.2% of all thoracic surgeons reportedly are 
female13), this may be a signifi cant issue for 
this fi eld. Several studies have documented the 
varying communication styles of male and female 
physicians.14 Specifi cally, female clinicians are 
more likely to actively facilitate patient participa-
tion in medical discussions by engaging in more 
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positive talk, more partnership building, ques-
tion asking, and information giving.12–16 Female 
physicians also tend to be less dominant verbally 
during clinic visits than male physicians,14 and, 
although patients of female physicians talk pro-
portionately more during a medical visit than 
do patients of male physicians, female doctors 
engage in discussion more with patients than 
male doctors.16 While female doctors spend more 
time with their patients,17 this difference may 
be better attributed to gender distribution and 
health status of their patients. Women physicians 
tend to see more female patients and female 
patients tend to have longer medical visits than 
males.18 Furthermore, because female physicians 
engage in more discussion of emotional and psy-
chosocial issues than male clinicians,16 it has 
been hypothesized that female doctors are more 
responsive to the nonclinical components of deci-
sion making that derive from the patients.14

Clinical decision making with regard to cancer 
screening is also affected by physician gender. 
Specifi cally, women patients of female physicians 
have higher rates of screening by Pap smear 
and mammography than patients of male physi-
cians.19 It is unclear how these gender differences 
impact decision making in thoracic surgery but 
they may be relevant in the comparative use of 
screening and staging techniques for thoracic 
malignancies and other entities.

4.2.4. Impact of Training on Clinical 
Decision Making

Surgeon specialization has been studied in the 
context of mortality, and specialty training has 
been shown to predict postoperative outcomes 
among high-risk operations.20 For example, 
Dimick and colleagues21 found that specialty 
board certifi cation in thoracic surgery was inde-
pendently associated with lower operative mor-
tality rates after esophageal resection in the 
national Medicare population (from 1998 through 
1999). Goodney and colleagues22 showed that 
board-certifi ed thoracic surgeons have lower 
rates of operative mortality with lung resection 
compared to general surgeons, although they 
noted that surgeon and hospital characteristics, 
in particular volume, also infl uenced a patient’s 
operative risk of mortality. Some of this effect 

may be mediated by the volume of procedures 
performed by differently trained surgeons, but 
process of care variables are often different in 
specialty trained surgeons and it is very likely 
that other components of decision making are 
infl uenced by training factors.

Surgeon specialization, however, has not been 
rigorously studied as it relates to clinical decision 
making. Training and specialization undoubt-
edly impact decision making by physicians. 
Specialty-trained thoracic surgeons may be more 
recently trained than non-specialty–trained sur-
geons and therefore may include more recently 
developed evidence-based protocols in their 
decision making. Conversely, after a lifetime of 
experience, older surgeons (more likely to be non-
fellowship–trained) are undoubtedly infl uencing 
decision making through a separate group of 
experience-based care guidelines. It remains to 
be seen if subspecialty-trained clinicians are 
more risk seeking in their treatment options given 
their additional training. The maxim “a surgeon 
with lots of experience got that way by having lots 
of bad experiences” underlies the way that collec-
tive professional experience infl uences decision 
making. While most try not to unduly infl uence 
their behavior by their last unsuccessful outcome, 
the lessons learned from unfortunate decisions 
must infl uence surgeon decision making. The 
potential effects of this infl uence may include the 
way we discuss risk with patients, or may consist 
of modulation of risk taking if we have had a 
recent bad outcome related to prior risk taking. 
The interesting issue related to past experience is 
how little we understand about how it affects clin-
ical decision making. If one goal of quality 
improvement (QI) activities is to limit variation 
then we must better understand and regulate the 
infl uence of non-evidence–driven factors, such as 
past experiences, if we are to achieve that goal.

4.3. System Factors

Clinicians do not make decisions in a vacuum. 
Systems including colleagues, employers, payers, 
healthcare systems, and QI staff all review our 
decision making and thereby infl uence it. These 
system factors may be as limited as a group of 
colleagues with whom we share decision making. 
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These “coverage” partners may infl uence our 
decision making in that they share the conse-
quences of decision making through “on-call 
coverage.” Sometimes decisions about who re -
turns to the operating room to rule out problems 
(rather than taking a wait-and-see approach) or 
what types of diagnostic testing we obtain to 
evaluate for potential problems are infl uenced by 
the day of the week, cross-coverage patterns, and 
expectations for on-call responsibilities.

Organized health systems may also infl uence 
decision making because signifi cant variability 
in process and outcome of care also has impor-
tant implications for payers and hospitals. For 
example, in some health maintenance organiza-
tions (HMOs) there are rigid guidelines for the 
treatment of patients that may limit individual 
surgeon decision making. This can be as innocu-
ous as the limits some HMOs have put on formu-
laries of drugs to infl uence the use of drugs for 
our patients. In other systems the types of devices 
surgeons can use are limited, thereby limiting 
surgeon autonomy in decision making. Hospitals 
have also been expanding the use of guidelines, 
treatment pathways, and care plans. These are all 
interventions aimed at limiting decision making 
variability. The extent to which these approaches 
are used and effective in limiting hospital stay, 
the use of resources, and variability in care dem-
onstrate the impact of nonclinical components 
of care in systems that do not have such 
interventions.

4.3.1. Characteristics of the Environment 
and Clinical Decision Making

For over a decade, surgeons in the Veterans 
Administration hospitals have participated in a 
systematic data-gathering and feedback system 
of outcomes after major surgery. The National 
Surgical Quality Improvement Project (NSQIP) 
works to decrease variation in clinical outcomes 
by demonstrating to surgeons when their center 
is an “outlier” in performance. This system allows 
hospitals to target QI activities that may infl u-
ence components of care and may also infl uence 
surgeon decision making. A potential unintended 
consequence of any ranking system is that it may 
also impact a surgeons’ willingness to operate 
on patients who have particularly high risk of 

adverse outcome, especially if the risk adjustment 
strategy is not considered adequate. This infl u-
ence on surgical decision making needs further 
investigation to determine its importance.

Other system factors that cannot be excluded 
relate to the value of surgeon performance to 
a system. For example, in systems such as the 
Canadian National Healthcare System and in 
Scandinavia, where surgeons are given a fi xed 
salary and procedure volume is not tied to reim-
bursement, there is a considerably lower use of 
operative procedures and considerably less pop-
ulation-level variability in the use of procedures. 
Clearly, this is a health system infl uence on 
surgeon decision making and it clearly challenges 
the notion that surgical decision making is driven 
exclusively by clinical factors.

4.4. Social Factors

4.4.1. Patient Interest

In a more paternalistic era, decision making was 
driven exclusively by the physician, but patient 
autonomy has become a central feature of modern 
medical ethics. Informed patients will bring 
to the decision-making process a perspective 
that sometimes completely affi rms the surgeon’s 
primacy in decision making but other times may 
challenge this primacy. Empowered patients may 
bring to the decision-making process their inter-
est in quality of life and functional outcomes that 
may be less important in physician-directed 
decision making. Alternatively, helping patients 
develop a realistic risk assessment of an interven-
tion can be challenging, especially in the setting 
of unfamiliar diagnoses, medical terms, and 
prognostic information. Acknowledging that the 
patient may be a major determinant of care deci-
sions is an important step to understanding the 
variability we see in clinical care. However, it also 
raises the challenge of adequately informing our 
patients about the components of decision making 
without overwhelming them. The challenge is 
extended by the use of web-based resources that 
may both inform and misinform patients and the 
unique experiences patients, their loved ones, and 
friends may have had with similar conditions.

One interesting evolution in our understand-
ing of nonclinical factors that infl uence decision 
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making comes from research in shared decision 
making in cancer patients. Decision aids have 
been developed to improve communication 
between the cancer patients and the physicians 
and to allow patients to express their preference 
for treatment by providing information on 
the outcomes relative to their health status. The 
interactive nature of these tools allows patient 
values and interests to be incorporated into deci-
sion making. For example, decisions about adju-
vant therapy that include a discussion of the risks 
of chemotherapy (e.g., hair loss) may not be rele-
vant to certain patients (e.g., patients who have 
no hair) while for others it may be an outcome 
that they are not willing to tolerate even if it 
has implications for survival. While some may 
disagree with the decisions that patients make, 
acknowledging their autonomy and empower-
ment may help in the delivery of care that is 
appropriate to each patient and meet each 
patient’s needs. These decision aids have been 
quite successful. In fact, Whelen and colleagues,23 
in a randomized trial of 20 surgeons and 201 
breast cancer patients, demonstrated that patients 
whose physician used this tool had greater knowl-
edge of breast cancer, treatment, and treatment 
outcomes, had lower decisional confl ict, and 
expressed higher satisfaction with their decision 
following a consultation with their physician. 
Because these tools are increasingly available,24 
decision aids will likely become useful for a 
greater number of patients, physicians, and treat-
ment options.

4.4.2. Public Disclosure of Report Cards and 
Clinical Decision Making

The impact of disclosure of outcome data [such 
as the reporting of hospital and surgeon risk-
adjusted mortality rates for coronary artery 
bypass graft (CABG) on decision making has 
been controversial. Although outcome data were 
rarely published prior to the mid-1980s,25 the fi rst 
release of hospital risk-adjusted mortality rates 
in December 199026 and the fi rst formal public 
release published in December 199227 ushered in 
a new era of public reporting. These performance 
reports, sometimes called “physician scorecards,” 
have become more prevalent in recent years.28,29 
Advocates of this form of reporting believe they 

provide information about quality of care that 
consumers, employers, and health plans can use 
to improve their decision making and to stimu-
late quality improvement among providers.30

These reports have raised concern regarding 
their effect on patient care and surgeon decision 
making. Most of the problems surgeons have 
with public reporting are that the risk adjustment 
schemes intended to “level the playing fi eld” are 
considered inadequate to tease out how their 
patients differ from others. If there is not com-
plete confi dence in the risk adjustment strategy, 
then publication of procedural mortality rates 
may cause physicians to withhold offering a 
procedure to high-risk patients. To address this 
issue, Narins and colleagues29 assessed the atti-
tudes and experiences of cardiologists by admin-
istering an anonymous questionnaire to all 
physicians who were included in the Percutane-
ous Coronary Interventions (PCI) in New York 
State 1998–2000 report.31 The physicians were 
sent nine statements/questions regarding the 
New York report and were asked to rate their level 
of agreement with each statement/question. Of 
the 120 physicians (65% response rate) who 
responded, the vast majority indicated that the 
PCI in New York State report infl uences their 
clinical decision-making process. Eighty-three 
percent agreed or strongly agreed that “patients 
who might benefi t from angioplasty may not 
receive the procedure as a result of public report-
ing of physician specifi c mortality rates.” As well, 
79% agreed or strongly agreed that the presence 
of the scorecard infl uences whether they decide 
to treat a critically ill patient with a high expected 
mortality rate. Further analyses showed that 
physicians performing coronary angioplasty 
procedures at a major university teaching hospi-
tal were signifi cantly more likely than other phy-
sicians to agree that “the publication of mortality 
statistics factors into their decision on whether to 
intervene in critically ill patients with high 
expected mortality rates.” The authors concluded 
that while the scorecards were developed to 
improve healthcare outcomes, they may instead 
adversely affect the healthcare decisions for indi-
vidual patients, particularly those with a high 
expected mortality rate. In fact, migration of 
high-risk patients outside of the reporting sphere 
of infl uence has been found to occur. Omoigui 
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and coworkers32 reviewed 9442 isolated coronary 
artery bypass operations performed at the Cleve-
land Clinic between 1989 and 1993 to compare 
mortality rates for patients from New York who 
underwent CABG at the Cleveland Clinic with 
those treated in New York. Results indicated that 
patients from New York had a higher expected 
mortality and experienced higher morbidity 
and mortality than other patients operated on at 
this clinic. However, although physicians may be 
paying attention to the scorecards, evidence sug-
gests that patients are not. In a survey of nearly 
500 patients who had undergone CABG surgery 
during the previous year, only 20% reported 
awareness of their state’s CABG performance 
reports, and only 12% knew of this guide prior to 
undergoing surgery. Furthermore, less than 1% 
of these patients knew the correct rating for their 
surgeon or hospital.30

4.4.3. Medical–Legal Issues and Clinical 
Decision Making

Another important social factor that may infl u-
ence behavior is the medicolegal climate in which 
surgeons practice. Fear of lawsuits appears to 
infl uence behavior in many specialties such as 
obstetrics and neurosurgery. In many states 
where insurance rates have soared, these practi-
tioners have often stopped practicing. This has 
led to surgeon-specialists shortage in many 
regions. Short of stopping the practice of surgery, 
it is also likely that surgeons may be infl uenced 
by the medicolegal risk associated with certain 
operations in certain populations. Although the 
extent of this infl uence is unclear, in thoracic 
surgery it would be surprising if this did not 
infl uence care to some extent. The effect of medi-
colegal challenges on decision making in thoracic 
surgery has not been well explored but may be 
important given that a signifi cant percentage of 
cardiothoracic surgeons will face such a chal-
lenge in their career.

4.5. Summary

Surgeons may like to believe that evidence drives 
clinical decision making, but a host of nonclini-
cal factors likely infl uence the care we direct. 

This is a possible explanation for the widespread 
variability in the use and types of clinical care 
across different regions and between countries. 
While the research methodology used to under-
stand these effects is limited, further investiga-
tion into these factors may help explain and 
control variability in clinical care and outcomes. 
Broad areas of nonclinical infl uences include 
surgeon-specifi c features (attitudes about risk 
taking, demographics, and training), system-
specifi c factors (incentives, guidelines, and scru-
tiny of outcomes), and social factors (patient 
perspectives of nonclinical components of care, 
public reporting of performance, and medicole-
gal issues). Surgeons need to better assess and 
limit these nonclinical components of decision 
making as we aim to provide rationale, consis-
tent, and appropriate care to our patients.
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5
How Patients Make Decisions with Their 
Surgeons: The Role of Counseling and Patient 
Decision Aids
Annette M. O’Connor, France Légaré, and Dawn Stacey

and clinical characteristics who become informed 
about treatment options might differ on their 
preferred treatment for diseases such as breast 
cancer (mastectomy vs. breast conserving 
therapy), angina (coronary artery bypass vs. 
medical therapy), thoracoabdominal aneurysm 
(corrective surgery vs. watchful waiting), benign 
uterine bleeding (hysterectomy vs. endometrial 
ablation vs. medical treatment), and herniated 
disk (discectomy vs. medical treatment).

In the past, when patients faced these diffi cult 
decisions, surgeons acted as agents in the best 
interest of their patients by deciding whether 
benefi ts outweighed the harms.7 Today, surgeons 
are still considered experts in problem solving: 
diagnosing, identifying treatment options, and 
explaining the probabilities of benefi ts and 
harms.8,9 However, patients are increasingly rec-
ognized as the best experts for judging the 
personal value of benefi ts versus harms.7,10,11 The 
principles of passive informed consent are evolv-
ing into active informed choice or shared deci-
sion making. Shared decision making is defi ned 
as a decision-making process jointly shared by 
patients and their healthcare providers.12 It aims 
at helping patients play an active role in decisions 
concerning their health,13 to reach the ultimate 
goal of patient-centered care.14 Shared decision 
making rests on the best evidence of the risks and 
benefi ts of all the available options.15 Thus, com-
munication techniques that enable the patient to 
adequately weigh the risks and benefi ts associ-
ated with the treatment choices are skills essen-
tial to shared decision making.16 Shared decision 
making takes into account the establishment of a 

Recent studies of patient decision making about 
surgical options that involve making trade-offs 
between benefi ts and harms underscore major 
gaps in decision quality.1 Following standard 
counseling, patients’ score D on knowledge tests 
and F on their understanding of the probabilities 
of benefi ts and harms. Moreover, there is a mis-
match between the benefi ts and harms that 
patients’ value most and the option that is chosen. 
Patients participate in decision making less than 
they prefer; some have high levels of decisional 
discomfort which is an independent predictor of 
downstream dissatisfaction, regret, and the ten-
dency to blame their doctor for bad outcomes.2,3 
The underlying mechanisms explaining the poor 
decision quality with standard counseling is (1) 
patients’ diffi culties recalling facts and under-
standing probabilities and (2) surgeons’ diffi cul-
ties judging the values that patients’ place on 
benefi ts versus harms. There is a clear need to 
improve the way patients are prepared to partici-
pate in decision making and the way surgeons 
counsel patients about options.

The goal of evidence-based medicine is to inte-
grate clinical expertise with patient’s values using 
the best available evidence.4 Some decisions are 
straightforward because there is strong scientifi c 
evidence that the benefi ts are large and the risks 
are minimal. Others are more diffi cult because 
(1) there is insuffi cient scientifi c evidence on the 
benefi ts, risks, and side effects; and/or (2) patients 
differ on how they value the benefi ts, risks, and 
scientifi c uncertainties. These decisions are said 
to be preference sensitive or values sensitive.5,6 
For example, patients with similar demographic 
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context in which the values and preferences of the 
patient are sought and his/her opinions valued.

Shared decision making does not completely 
exclude a consideration of the values and prefer-
ences of the physician or other health practitio-
ners involved in the decision.12,15 It occurs through 
a partnership in which the responsibilities and 
rights of each of the parties are explicit and the 
benefi ts for each party are made clear. Therefore, 
with growing patient interest to participate in 
decision making about options, evidence-based 
decision aids have been developed to supplement 
(not replace) surgeons’ counseling. These tools 
prepare patients to discuss options which the 
clinician has judged as clinically appropriate by 
helping them to (1) understand the probable ben-
efi ts, risks, side effects, and scientifi c uncertain-
ties of options; (2) consider and clarify the value 
they place on the benefi ts, risks, and scientifi c 
uncertainties; and (3) participate in decision 
making with their surgeons in ways they prefer. 
The goal of shared decision making is to reach 
agreement on the option that best matches the 
informed patients’ values for benefi ts, risks, and 
scientifi c uncertainties.

This chapter discusses practical and effective 
methods to help patients become involved in 
decision making. First, we present evidence on 
how patients currently make decisions. Second, 
we describe patient decision aids including their 
underlying conceptual framework, structural 
elements, and evidence of effi cacy. Next, we 
outline current international standards for devel-
oping and evaluating patient decision aids. 
Finally, we propose strategies for using patient 
decision aids in clinical practice.

5.1. Current Status of Patient 
Decision Making

To our knowledge, the decisional needs and deci-
sion making behavior of patients facing specifi c 
diffi cult thoracic surgery decisions have not been 
studied. For other surgical decisions, the best 
evidence comes from the Cochrane systematic 
review of randomized trials of patient decision 
aids1 when patients were randomized to receive 
usual counseling. The obvious limitation of the 
data is that trial participants may not be similar 

to nontrial participants. Nevertheless, until data 
from more representative cohorts are published,17 
data from trials provide some insight into 
patients’ decision-making behavior when facing 
diverse surgical decisions.

5.1.1. Primary Data Source

The Cochrane systematic review of 34 trials of 
patient decision aids found 9 trials of patients 
who were facing major elective surgical treatment 
options: 2 coronary artery disease, 2 benign pros-
tate hypertrophy, 2 breast cancer, 1 menorrhagia, 
1 prostate cancer, and 1 herniated disc or spinal 
stenosis.1 We report the behavior of patients fol-
lowing usual counseling from their surgeons with 
no additional patient decision aids. These data 
are supplemented with evidence from several 
nonrandomized, controlled trial studies.

5.1.2. Did Patients Want to Participate 
in Decisions?

Yes, the majority of patients want to participate in 
decision making. However, there is a minority of 
patients who report that surgeons made the deci-
sion; rates range from 33% of men for decisions 
about prostate cancer surgery18 to 41% for those 
focused on cardiac revascularization.19 Although 
not specifi cally related to surgery, an international 
survey confi rmed that the majority of patients in 
United States, Canada, United Kingdom, South 
Africa, Japan, and Germany want to actively par-
ticipate in major decisions affecting their health.20 
The percentage preferring a more passive role 
(e.g., deferring to the physician to make the deci-
sion on their behalf) ranged from 10% in South 
Africa to 3% in Germany. However, at the time of 
diagnosis and without decision support resources, 
patients may be less likely to participate in deci-
sion making to the level they prefer.

5.1.3. What Was the Quality 
of the Decisions?

In the groups of patients receiving standard 
counseling, the quality of their decisions was 
inadequate using the defi nition of the 2005 Inter-
national Patient Decision Aid Standards Col-
laboration (http://www.ipdas.ohri.ca). Decision 



46 A.M. O’Connor et al.

quality was defi ned as (1) informed (knows key 
facts about options and has realistic perceptions 
of the probabilities of positive and negative out-
comes) and (2) based on patients’ values (chooses 
an option that matches the benefi ts and risks that 
the patient values most).12,21–25

In the three trials of patient decision aids that 
evaluated how informed the patients were, those 
who received usual counseling about surgical 
options only scored 54% to 62% on knowledge 
tests.19,26,27 Although the accuracy of patient per-
ceptions of the chances of benefi ts and harms 
were not measured specifi cally in trials of patient 
decision aids for surgical decisions, other trials 
indicated an accuracy ranging from 27% to 66%. 
None of the surgical decision-making trials mea-
sured the agreement between values and choice. 
However, in three trials focused on hormone 
replacement therapy, agreement between values 
and choice was poor in the control counseling 
arms of the trials.28–30

5.1.4. What Was the Quality of the Process 
of Decision Making?

The quality of the decision-making process is 
determined using measures of decisional confl ict 
and satisfaction with this process. Two trials of 
decision aids that measured decisional confl ict in 
patients receiving usual counseling about surgi-
cal options indicated that the degree of decisional 
confl ict ranged from 28% to 33%.19,31 Further-
more, for every one unit increase in decisional 
confl ict, patients were 3 times more likely to fail 
a knowledge test, 23 times more likely to delay 
their decision, 59 times more likely to change 
their mind about the chosen option, 5 times more 
likely to regret their decision, and 19% more likely 
to blame their doctors for poor outcomes.2,3

Overall, patients were satisfi ed with the usual 
counseling they received when considering sur-
gical treatment options; satisfaction  scores ranged 
from 67.2% to 80.0% across trials.1 These high 
levels of satisfaction could be due to patients’ sat-
isfaction being strongly infl uenced by the rela-
tionship with the practitioner and/or patients 
may not be aware of the decision support they did 
not receive.

It is clear that there are serious problems with 
the current approach to counseling about options. 

The majority of patients have unrealistic expecta-
tions of benefi ts and harms and about one third 
have high levels of decisional discomfort leading 
to higher regret and tendency to blame others. 
Complications and poor outcomes are a reality of 
surgery and patients’ expectations need to be re-
aligned with the evidence. This does not mean 
that patients should not hope for the best, but 
they do need to be prepared for the worst. From 
a legal perspective, the biggest predictor of law-
suits is not bad outcomes but a combination of 
bad outcomes with poor communication. More 
effective methods are needed to improve surgeon–
patient communication and deliberation about 
treatment options.

5.2. Conceptual Framework and 
Key Elements Underlying Patient 
Decision Aids

When there is no clearly indicated “best” thera-
peutic option, shared decision making is per-
ceived as the optimal process of decision making 
between practitioners and patients. Shared deci-
sion making is the process of interacting with 
patients who wish to be involved in arriving at 
an informed, values-based choice among two or 
more medically reasonable alternatives (which 
may include watchful waiting). Shared decision-
making programs, also known as patient decision 
aids (PtDAs), are standardized, evidence-based 
tools intended to facilitate that process. They 
are designed to supplement rather than replace 
patient–practitioner interaction. Patient decision 
aids help prepare patients to discuss the options 
by providing information, values clarifi cation, 
and structured guidance in the steps of col-
laborative decision making. The goal of these 
interventions is to improve the quality of the 
decision-making process by addressing the sub-
optimal intermediary modifi able determinants 
of decision making. This decisional process does 
not aim at the adoption of a decision determined 
a priori by the expert. It seeks to ensure that 
the decision made together with the patient is 
informed by the best evidence and consistent 
with the patient’s values.

Patient decision aid development has been 
guided by several different decision theories, risk 
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communication, and transactional frameworks 
from economics, psychology, and sociology.1 
They have been delivered using diverse print, 
video, or audio media, but there is a current shift 
toward internet-based delivery systems. Patient 
decision aids are self-administered or practitio-
ner administered; they are used in one-to-one or 
group situations. Most are designed to prepare 
patients for personalized counseling; however, 
the timing of their integration into the process of 
care depends on practitioners’ usual counseling 
practices and feasibility constraints.

5.2.1 Structural Elements of Patient 
Decision Aids

Regardless of the framework, medium, or imple-
mentation strategy, there are three key elements 
common to their design:

1. Information and risk communication. For 
a given clinical condition, decision aids include 
high-quality, up-to-date information about the 
condition or disease stimulating the need for 
a decision, the available healthcare options, the 
likely outcomes for each option (e.g., benefi ts, 
harms, side effects, and inconveniences), the 
probabilities associated with these outcomes, and 
the level of scientifi c uncertainty. The informa-
tion is clearly presented as a choice situation, in a 
balanced manner so as not to persuade the viewer 
toward any particular option and in suffi cient 
detail to permit choosing among the options.

2. Values clarifi cation. Several methods are 
used to help patients sort out their values (i.e., the 
personal desirability/undesirability of different 
features of the available options). First, patients 
are better able to judge the value of options when 
they are familiar and easy to imagine. Therefore, 
PtDAs describe what it is like to experience the 
physical, emotional, and social consequences of 
the procedures involved and the potential bene-
fi ts and harms. Second, balanced examples of 
how others’ values infl uenced their choices help 
patients learn how their values matter in deci-
sions. Third, some PtDAs directly engage patients 
in explicitly revealing their values using rating 
techniques such as balance scales or trade-off 
techniques. For example, in balance scales, 
patients use the familiar 1-to-5 star rating system 

to deliberate about the degree of personal impor-
tance associated with each of the possible benefi ts 
and harms. Visual ratings like this also help 
family members and the practitioner understand 
at a glance which benefi ts and harms are most/
least salient to the patient in this particular deci-
sion situation.

3. Structured guidance or coaching in deliber-
ation and communication. Patient decision aids 
are designed to improve patients’ confi dence and 
skills by guiding them in the steps involved in 
decision making. This involves helping them 
become informed, weighing their specifi c options, 
and showing them how to communicate values 
and personal issues to families and practitioners. 
Personal coaching by nurses or other profession-
als can also be used to prepare patients to delib-
erate and communicate with their surgeon.32 
Once patients understand what is at stake in a 
close-call situation and appreciate the impor-
tance of clarifying their personal values, they can 
meaningfully decide and communicate whether 
they wish to be actively involved in the healthcare 
decision.

5.2.2. Evidence of Effectiveness of Patient 
Decision Aids

The International Cochrane Collaboration 
Review Group on Decision Aids updated its 
ongoing systematic review of randomized, con-
trolled trials of treatment and screening PtDAs; 
there are 34 published trials and another 30+ 
trials are ongoing.1 We briefl y describe the main 
results from this 80-page technical document, 
focusing on decision quality and uptake of the 
options.

5.2.2.1. Decision Quality

The systematic review indicated that, when PtDAs 
are used as adjuncts to counseling, they have 
consistently demonstrated superior effects rela-
tive to usual practices on the following indicators 
of decision quality:

• Increased knowledge scores, by 19 points out of 
100 [95% confi dence interval (CI), 13–24], which 
moves patients’ tests scores from a barely 
passing D to a B+.
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• Improvements in the proportion of patients 
with realistic perceptions of the chances of ben-
efi ts and harms, by 40% (95% CI, 10%-90%), 
moving patients’ scores from a failing grade F 
to a barely passing D.

• Lowered scores for decisional confl ict (psycho-
logical uncertainty related to feeling unin-
formed) by 9 points out of 100 (95% CI, 6–12).

• Reduced proportions of patients who are 
passive in decision making by 32% (95% CI, 
10%–50%).

• Reduced proportions of people who remain 
undecided after counseling by 57% (95% CI, 
30%–70%).

• Improved agreement between a patient’s values 
and the option that is actually chosen. Three 
of three trials,6 all focusing on menopause 
hormone decisions, found that decision aids 
were better than educational interventions 
in improving the match between values and 
choices. A cohort study by Barry and colleagues 
also showed that men who were especially 
bothered by their urinary symptoms are seven 
times more likely to choose surgery for benign 
prostate disease than those who are not. Men 
who were especially bothered by the prospect 
of sexual dysfunction as a complication of 
surgery are one fi fth as likely to choose it com-
pared to as those who are not.33

These improvements in decision quality were 
accomplished without deleterious effects on 

patient satisfaction or anxiety.1 Moreover, the 
amount of time spent by the physician and nurse 
counseling patients during the initial consulta-
tion or second visit 1 week later did not differ 
between patients who received usual care com-
pared to those who used the PtDA in a more 
recent study.34

5.2.2.2. Rates of Uptake of Different Options

Of the 34 trials in the systematic review, 7 mea-
sured rates of different procedures involving 
major elective surgery (see Table 5.1).19,26,27,31,32,35,36 
Six of these 7 trials demonstrated 21% to 44% 
reductions in the use of the more invasive surgi-
cal option in favor of more conservative surgical 
or medical options without adverse effects on 
health outcomes. For example, the rates of mas-
tectomy declined in favor of breast-conserving 
surgery and the rates of hysterectomy for menor-
rhagia declined in favor of surgical ablation or 
medical therapy. The underlying mechanism of 
this effect is likely in moderating expectations 
and communicating values. When patients face a 
major health issue, their fi rst inclination is to 
“cut it out” or “get rid of” the offending organ. 
When they begin to appreciate that there are 
alternatives and that there are potential harms 
associated with the aggressive procedures, some 
decide on the simpler procedure. The remainder 
stay with their original view, but their expecta-

TABLE 5.1. Effect of PtDAs on specific decisions about major elective surgeries.

 PtDA group Comparison group

  % choosing  % choosing  Relative risk
Decision (source) N option N option Weight (%) (RR; 95% CI)

PtDA versus usual care
Coronary revascularization19  86 52.3%  95 66.3% 37.3 0.79 (0.62–1.01)a

Coronary revascularization27  61 41.0%  48 58.3% 16.4 0.70 (0.48–1.03)
Hysterectomy32 253 32.4% 244 41.4% 41.8 0.78 (0.62–0.99)a

Prostatectomy26 103  7.7% 116 13.8%  3.9 0.56 (0.25–1.26)
Prostatectomy31  54 11.1%  48  2.1%  0.6 5.33 (0.67–42.73)
Pooled RR, 0.77 (0.66–0.90)a

Detailed PtDA with probabilities of outcomes versus simple PtDA
Breast cancer surgery35  30 23.3%  30 40.0% 15.2 0.58 (0.27–1.28)
Back surgery36 171 25.7% 173 32.9% 84.8 0.78 (0.56–1.09)
Pooled RR, 0.75 (0.55–1.01)

ap < 0.05.
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tions are more realistic. They place more value on 
the peace of mind from removing the organ than 
the potential complications and side effects. In 
the case of the hysterectomy study,32 a video deci-
sion aid alone did not have an effect on rates of 
procedures as much as the combination of the 
video with nurses’ coaching to encourage patients 
to clarify and communicate to their surgeon (1) 
the value they placed on keeping their uterus and 
(2) the role they wished to take in decision 
making. Therefore, in this arm of the study, 
surgeon follow-up counseling about options was 
enhanced with better communication of what 
informed women valued most and their preferred 
role in decision making.

Do PtDAs always dampen patients’ enthusiasm 
for surgery? In Table 5.1, the one trial which 
showed a nonsignifi cant trend toward increasing 
the rates of prostate surgery also had the lowest 
rate of surgery in the control group (2%). This 
was a U.K. study that had low referral rates by 
general practitioners due to a shortage of urolo-
gists. This observation suggests that PtDAs may 
promote uptake in surgery when rates are argu-
ably too low. Therefore, PtDAs may address both 
underuse as well as overuse of options, thereby 
refl ecting the true underlying distribution of 
informed patients’ preferences.6,37

5.3. Current Standards for Patient 
Decision Aids

In 2005, the International Patient Decision Aid 
Standards (IPDAS) Collaboration undertook a 
two-stage modifi ed Delphi approach to reach 
consensus on the important criteria for judging 
the quality of patient decision aids (http://www.
ipdas.ohri.ca). This initiative was driven by the 
rapid explosion in the development of patient 
decision aids since 1999, many of which are easily 
available on the Internet. As well, there was rec-
ognition of the diffi cultly judging the quality of 
these types of decision support resources when 
there is no agreed-upon standards to guide their 
development and evaluation.

The following summarizes the approved IPDAS 
Standards based on voting by 122 participants 
from 14 countries. These voters represented 

four key stakeholder groups: patients/consumers, 
policy makers, health professionals, and patient 
decision aid developers/researchers. The broad 
categories of criteria endorsed were:

 I. Patient Decision Aid Specifi c Criteria
1.1.  Essential decision support elements 

criteria
The patient decision aid contains the 
following:
•  Facts on the health condition, options, ben-

efi ts, harms, and side effects.
•  Risk communication to help patients 

develop realistic expectations of the chances 
of benefi ts, harms, and side effects. For 
example, using event rates with comparable 
denominators, time periods, and scales; 
describing uncertainty around estimates; 
using multiple methods (words, numbers, 
diagrams); placing probabilities in context; 
and using mixed positive and negative 
frames.

•  Values clarifi cation to help patients clarify 
and communicate the features of options 
that matter most to them.

•  Structured guidance to help patients delib-
erate and discuss options with others.

•  Balanced display of information to facili-
tate comparing positive and negative fea-
tures across options.

1.2 Effectiveness criteria
There is evidence that patient decision aids 
lead to:
•  A quality decision that is informed and 

based on patients’ values (primary outcome).
•  Improved process of decision making as 

indicated by outcomes such as lower deci-
sional confl ict and higher satisfaction (sec-
ondary outcomes).

II. Generic Criteria
•  Systematic development process is used to 

assess needs of users, fi eld test the decision 
aid with potential users, and obtain expert 
review.

•  Up-to-date evidence using references to sci-
entifi c studies and with a policy for ongoing 
update to incorporate new evidence.

•  Disclosure of interests requires identifi cation 
of funding sources and confl icts of interest.
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•  Plain language principles are used to ensure 
patient decision aids can be understood by 
intended users and includes ways to help 
patients, other than only reading, under-
stand the information (e.g., in person dis-
cussion, audio, video).

These criteria can assist practitioners and 
patients to judge the quality of patient decision 
aids.

5.4. Examples of How Patient 
Decision Aids Are Used

An example of a very simple decision aid is 
included in Appendix 5.A. It guides patients to 
prepare for discussing decisions with their prac-
titioners by assessing their individual decision 
making needs and comparing their options. The 
steps include (1) verifying the decision: options, 
rationale, timing, and stage in decision making; 
(2) clarifying the patient’s preferred role in deci-
sion making; (3) reviewing the options being 
considered, including relevant pros and cons for 
each option. Patients are invited to add additional 
pros and cons before clarifying their values by 
rating the importance they attach to each outcome 
using a 1-to-5 star rating system. The fi nal ques-
tion asks patients for their overall leaning for 
or against the option. (4) Assessing current deci-
sion making needs and uncertainty using the 
Decisional Confl ict Scale. (5) Planning the next 
steps.

Patients can be encouraged to share their 
completed Ottawa Personal Decision Guide with 
their practitioner as a way to communicate 
knowledge and values associated with a health-
related decision at a glance. Alternatively, the 
guide can be completed together with the practi-
tioner to structure the process of decision 
making. A similar guide is being used as part of 
the process of care in nurse call centers and 
patient information services located in the United 
States, Australia, Britain, and Canada. However, 
referrals to these types of services are intended 
to compliment and streamline the decision-
making process rather than replace discussion 
with the patient’s physician. Most patients have 
made it clear that individual consultation with 

their practitioner about options is extremely 
important.10,20

This Decisional Confl ict Scale, used within 
this decision guide (see Appendix 5.A), was devel-
oped to determine whether a patient is experienc-
ing uncertainty about the best course of action 
to identify the modifi able factors contributing 
to decisional confl ict (e.g., feeling uninformed, 
unclear about values, unsupported in decision 
making).23 Decisional confl ict is a state of uncer-
tainty about the course of action to take and is 
frequently characterized by diffi culty in making 
a decision, vacillation between choices, procras-
tination, being preoccupied with the decision, 
and having signs and symptoms of distress or 
tension.

5.5. How Do Clinicians 
Integrate Decision Aids into 
Their Practice?

Practitioners are essential for clarifying the deci-
sion, identifying patients in decisional confl ict or 
requiring decision support, referring patients to 
the appropriate resources including decision aids 
as part of the process of care, and following 
up on patients’ responses in the decision aids to 
facilitate progress in decision making. Patients 
prefer face-to-face contact with a practitioner to 
individualize the information and guide them 
in decision making.11 Patient decision aids are 
designed to enhance this interaction rather than 
replace it.

To use decision aids in practice, the following 
steps can be followed by your team:

1. Clarify the decision including specifi c 
options the patient needs to consider.

a. Refer patients to the decision aid. Endorse-
ment of patient information from one’s 
personal practitioner is highly valued by 
patients.11 Direct patients to the website 
(http://www.ohri.ca/decisionaid) to access 
a decision aid or provide them with copies. 
If no decision aids exist for specifi c health 
decisions, the Ottawa Personal Decision 
Guide can be combined with quality 
patient education resources.
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2. Explain how the decision aid is used in your 
practice. Ask the patient to complete the decision 
aid in preparation for a follow-up discussion.

3. Refer to the decision aid at follow-up discus-
sion. It is important that the practitioner acknowl-
edge patients’ responses to their decision aid. It 
can serve as a communication tool to focus the 
patient–practitioner dialogue. At a glance, you 
can quickly learn how your patients see the deci-
sion. You can

a. assess decisional confl ict (uncertainty)
b. clarify their understanding of the benefi ts 

and harms
c. acknowledge their values as revealed by 

the patient’s rating of importance on the 
balance scale

d. answer their questions
e. facilitate decision making according to the 

patient’s preference for decision participa-
tion and leaning toward options.

This information helps you judge how quickly 
you can move from facilitating decision 
making to implementing the chosen option.

4. Screen for residual decisional confl ict. Based 
on what is currently known on the downstream 
effects of patients presenting with decisional 
confl ict, practitioners would benefi t from re-
screening for any residual decisional confl ict and 
its sources before arriving at a fi nal decision. 
After using patient decision aids, most patients 
have unresolved needs for advice and continued 
uncertainty, that only gets resolved following 
counseling with their surgeons.

These steps can be completed by the individual 
practitioner or shared among team members. 
When shared within a clinical team, it is better 
to determine who on the team will be responsible 
for each part of the process. In the absence of 
staff to help with this process, referral to nurse 
call centers or patient information services may 
be an option to prepare patients for a dialogue. 
Decision aids can also be used by patients when 
discussing their options and preferences with 
important others such as a spouse, family 
member, or friend.

Surgeons at Dartmouth Hitchcock Medical 
Center in Lebanon, New Hampshire, have created 
electronic versions of the Ottawa Personal Deci-
sion Guide that patients use after viewing a video 

decision aid. Using patient data-entry programs 
and touch-screen tablets, a 1-page summary is 
created for the surgeon indicating, not only 
patients’ self-reported history and functional 
status but also their understanding of options, 
values, and preferred participation role. In this 
way, surgeons’ can appreciate at a glance what the 
patient knows as a basis for shared deliberation 
about options.

5.6. Conclusions

Based on systematic review evidence, patients 
facing diffi cult decisions, as well as their practi-
tioners, need help beyond standard counseling.1,38 
Decision aids improve the quality of patient 
decision making, facilitate the integration of 
patient values into evidence-based medical prac-
tice, and enhance the practitioner–patient inter-
action. The challenge is developing best practices 
for implementing decision aids as part of the 
process of care that will lead to better evidence-
based decision making that matches patients’ 
values.
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Appendix 5.A. Ottawa Personal Decision Guide Adapted for Early Stage Breast 
Cancer Surgery Decision

Case Situation: Mrs. Jones is a 60-year-old woman newly diagnosed with stage I breast cancer. Her 
surgeon has offered her the option of mastectomy or lumpectomy plus radiation therapy. Mrs. Jones’ 
responses to the decision aid are indicated below.

1. What decision do you face?       Mastectomy versus Lumpectomy plus Radiation
   Both options have the same chance of survival
    1.1 What is your reason for making the decision? Stage 1 Breast Cancer
    1.2 When does the decision have to be made? within a few weeks
    1.3 How far along are you with this decision? [Check ✓ the box that applies to you]
       ❑ not started thinking about the options ❑ close to choosing one option
       �✓  is considering the options ❑ already made a choice
2. What role do you prefer to take in decision making? [Check ✓ the box that applies to you].
    ❑.  decide on my own after listening to the opinions of others
    �✓.  share the decision with: my surgeon
    ❑.  someone else to decide for her, namely: __________
3. Details about how you see the options right now
     3.1  What I know: List the options and their pros and cons. Underline the pros & cons that are 

most likely to happen.
     3.2  What’s Important to Me: Show how important each pro and con is to you using one (*) star 

for a little important to fi ve (*****) stars for very important

  Reasons to Choose   Personal     Reasons to Choose    Personal
    Mastectomy    Importance Lumpectomy plus Radiation  Importance

After 10 years, 92 out of  After 10 years, 90 out of 100
100 women will be free of ★ ★ ★ ★ ★ women will be free of cancer ★ ★ ★ ★ ★
cancer in the breast area.  in the breast area.

Treatment may take less  Most of the breast is saved
time because several weeks  unless the surgeon is not 
of radiation are not needed  satisfi ed that all the tumor 
  was removed the fi rst time

 ★ ★ ★ ★ ★  ★ ★ ★ ★ ★

  There is no need for a
  prosthesis or reconstructive
Other reasons, please  surgery
specify:_______________
  Other reasons, please ★ ★ ★ ★ ★
  specify:________________

 ★ ★ ★ ★ ★  ★ ★ ★ ★ ★

 Show which option you think is best for you:

  � I am leaning toward � I am unsure �✓ I am leaning toward

    Mastectomy      Lumpectomy plus Radiation
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4. What are your current decision making needs? [Circle your answers to these questions] Deci-
sional Confl ict Scale © A. O’Connor 1993, Revised 2004.

 Do you know which options you have? Yes  No
 Do you know both the good and bad points of 

 What I Know each option? Yes  No
  

 Are you clear about which good and bad points  Yes  No
 What’s important matter most to you?

 Do you have enough support and advice to make Yes  No
 a choice? 

 How others help Are you choosing without pressure from others? Yes  No
  

 Do you feel sure about what to choose? Yes  No
 How sure I feel  

Note: If you have many ‘no’ answers, talk to your doctor.

5. What steps do you need to take to meet your needs?

  Talk to my surgeon & other women who have been in this position
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6
Radiographic Staging of Lung Cancer: 
Computed Tomography and Positron 
Emission Tomography
Frank C. Detterbeck

PET or invasive tests are not needed), or, con-
versely, when staging by clinical evaluation and 
imaging studies are clearly not suffi ciently 
reliable.

Clinical staging, as offi cially defi ned, includes 
any and all staging information available before 
the initiation of treatment (pathological staging 
is available only after a resection). More specifi -
cally, clinical staging includes the clinical evalu-
ation (history and physical exam), imaging tests 
[e.g., computed tomography (CT) and PET], as 
well as any biopsies (e.g., mediastinoscopy, needle 
aspiration of nodes, etc.). Thus, clinical staging 
can be based on physical signs and symptoms, on 
radiographic studies, or on invasive procedures.

This chapter assumes that patients have had a 
clinical evaluation and focuses on the reliability 
of imaging tests, particularly the role of PET 
imaging. This in turn defi nes the need for inva-
sive clinical staging tests (e.g., mediastinoscopy, 
needle aspiration of nodes, etc.), but a full discus-
sion of the advantages and disadvantages of dif-
ferent invasive clinical staging tests is beyond the 
scope of this chapter.

In this chapter it is assumed that patients with 
a known or suspected lung cancer have had a 
chest CT scan. Although the chest CT can itself 
be viewed as a staging tool, it is done in order to 
better characterize an abnormality on a chest 
radiograph (CXR). The chest CT provides a great 
deal of diagnostic information, and in general, 
the combination of the patient’s risk factors, pre-
sentation, and the CT appearance usually allow a 
presumptive clinical diagnosis to be made with a 
high degree of accuracy. This chapter will focus 

The issue of how to preoperatively stage patients 
with known or suspected lung cancer is complex, 
and remains confusing despite a large number of 
publications on the subject. Part of the confusion 
arises from the multiplicity of available tests, but 
more importantly from the fact that the question 
to be addressed varies in different patient groups. 
There are different subgroups of patients, par-
ticularly with respect to mediastinal staging. The 
patients considered in one study may not be the 
same as those in another study, and often argu-
ments are made for a particular approach in some 
patients using data that is not applicable because 
it pertains to a different subgroup. Another major 
obscuring factor is the frequent difference in per-
spective of authors and practicing clinicians. In 
general, papers addressing the value of a proce-
dure have retrospectively included all patients 
who underwent the procedure, and not defi ned 
the characteristics of the patients. The clinician, 
on the other hand, is faced with a patient in whom 
he can defi ne clinical and radiographic charac-
teristics, but then has trouble using the published 
literature to fi nd data that specifi cally applies to 
this type of patient.

In this chapter, the approach taken is that from 
the perspective of the clinician, by considering 
the patient characteristics fi rst, and then using 
what can be gleaned from the literature to guide 
us on how to further evaluate the patient. The 
focus of the chapter is on the role of positron 
emission tomography (PET) imaging. More spe-
cifi cally, the question is posed whether situations 
can be defi ned in which the initial clinical staging 
is suffi ciently reliable (further confi rmation by 
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on the patients in whom a diagnosis of lung 
cancer is strongly suspected, and will not pertain 
to those thought more likely to have another 
disease process (e.g., sarcoidosis, pneumonia, 
etc.).

6.1. General Considerations

Positron emission tomography scanning has 
clearly been shown to be a useful tool in evaluat-
ing patients with a wide variety of malignancies. 
This is to a large extent because PET can distin-
guish tissues based on differences in cellular 
metabolism, rather than primarily anatomical 
size as is true for CT and, to a large extent, also 
conventional magnetic resonance imaging (MRI). 
The cost of PET scanning has decreased substan-
tially, although it is still a more expensive test 
than CT. Furthermore, the availability of PET has 
become quite commonplace in the United States, 
although in many instances it involves a mobile 
PET scanner.

In many communities, it has become quite 
routine to obtain a PET scan in any patient sus-
pected of having a lung cancer. This is often done 
by the family practitioner simply because it is 
thought to be indicated in patients with lung 
cancer, but without a clear defi nition of the ques-
tions to be addressed by the test, or an under-
standing of how the results are to be interpreted. 
This practice is deplored. Although PET is clearly 
a dramatically useful test in many cases, and 
although the test itself is safe, it does come at a 
cost of healthcare dollars, and, most importantly, 
is associated with a risk of misinterpretation or 
misapplication that has great potential for harm 
in some patients.

Defi ning appropriate indications for PET scan-
ning in patients with suspected lung cancer is 
often confusing because PET has four different 
uses. Although any one is suffi cient to justify a 
PET, it is best to have a clear understanding of 
what question is to be addressed primarily by the 
scan. The fi rst use of PET is to aid in making a 
presumptive diagnosis of the primary lesion. 
This is of little use in patients in whom the prob-
ability of lung cancer is very high based on the 
radiographic appearance and the clinical assess-
ment (risk factors, presentation), because the PET 

will likely not rule out lung cancer, and a positive 
PET result will not obviate the need for tissue for 
a histological or cytological diagnosis. PET for 
diagnosis is primarily useful in patients with a 
nodule that has an intermediate risk of lung 
cancer, provided it is greater than 1 cm in diam-
eter.1 The role of PET for diagnosis will not be 
discussed further in this chapter because of the 
low utility in patients with a strong suspicion of 
cancer and because patients with a low or inter-
mediate suspicion of cancer are not the focus of 
this chapter.

The second use of PET is for the detection of 
distant metastases in asymptomatic patients or 
those with more subtle symptoms.2 The third 
potential use of PET imaging is for confi rmation 
of the presence or absence of mediastinal involve-
ment.2 These two uses of PET are central to the 
subject of this chapter and will be discussed in 
detail. The fourth use of PET is to guide thera-
peutic interventions.3 This includes prognos-
tication, radiotherapy treatment planning, and 
assessment of response to chemotherapy. Such 
indications for PET are beyond the scope of this 
chapter.

A caveat of PET imaging is in the interpreta-
tion of the results. There is a widespread ten-
dency to view PET as black and white (positive or 
negative) with nothing in between. The reality is 
that PET scans often show areas of indeterminate 
uptake. There is little doubt that the interpreta-
tion of these areas of PET uptake is signifi cantly 
infl uenced by the clinical information and judg-
ment, although there is no literature that quanti-
fi es it. The PET radiologist that is interpreting the 
scan with only limited (sometimes incorrect) 
clinical information passed on by clerical staff 
is at a disadvantage. This is particularly true for 
mobile PET scans, where there is little opportu-
nity for the cancer clinician to discuss the PET 
fi ndings with the radiologist in order to combine 
the clinical with the radiographic judgment to 
arrive at a correct interpretation. Furthermore, 
the quality of the PET images is also variable. 
There is clear data that shows that interpretation 
of PET without a CT scan is inferior, and further-
more that a dedicated PET/CT results in improved 
accuracy. Therefore, as PET scans are more widely 
available, the expertise of those reading the scans, 
the ability to correlate this with CT fi ndings and 
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clinical judgment, and the quality of the scans 
themselves have become much more variable. 
The applicability of the published data may not 
apply to many settings because this data almost 
invariably involves dedicated PET experts inter-
preting scans in an optimal setting.

6.2. Clinical Stage IV

The fi rst step in evaluating a patient who is 
strongly suspected to have a non-small cell lung 
cancer (NSCLC) is always to talk with the patient. 
This is an important part of making a clinical 
diagnosis of lung cancer (based on risk factors 
for lung cancer and local symptoms such as cough 
or hemoptysis). A crucial factor in staging the 
patient is to assess whether there are any signs or 
symptoms of distant metastases. This includes 
both constitutional symptoms (fatigue, anorexia, 
weight loss) as well as organ-specifi c symptoms, 
particularly with regards to bone and brain 
metastases (pain, headache, etc.). It is clear that 
the physician must listen carefully and pay atten-
tion to even subtle symptoms.4

Some patients will have quite obvious signs of 
distant metastases (severe localized bone pain, 
focal neurological fi ndings, palpable metastases). 
In this case, a PET scan is rarely justifi ed. In 
general, the presence of distant metastases can be 
confi rmed by a directed test that is much less 
expensive and can usually be done that same 
day. Examples are a brain MRI or CT in the 
patient with focal neurological fi ndings, a plain 
fi lm of a site of signifi cant bone pain, or a needle 
aspiration of palpable supraclavicular nodes or 
subcutaneous metastasis. Similarly, if the patient 
has a signifi cant pleural effusion, thoracentesis 
and cytology is the next appropriate step because 
palliative chemotherapy is the treatment for 
patients with a malignant pleural effusion regard-
less of whether other metastases are demon-
strated as well. If the directed test shows typical 
fi ndings (osteolytic bone lesions, brain meta-
stases) in a patient with marked typical symp-
toms, the diagnosis of stage IV disease can be 
made with confi dence without more extensive 
testing.5

Patients with more subtle symptoms of possi-
ble distant metastases should clearly undergo 

confi rmatory imaging.5 Although the sensitivity 
of a carefully done clinical evaluation for distant 
metastases is high, additional confi rmation is 
needed because of a false-positive rate of approx-
imately 70%.5 Positron emission tomography 
is ideal because it is more likely to fi nd distant 
metastases than other imaging studies.6,7 (A brain 
MRI or CT should also be done because of PET 
limitations in detecting brain metastases.) Several 
studies have shown that in a direct comparison, 
PET scanning is more sensitive and specifi c than 
bone scanning.8,9 Hence, PET imaging should be 
preferred, and there is no justifi cation for obtain-
ing a bone scan if a PET has already been done.

A small but signifi cant subgroup of patients 
presents without signs and symptoms of distant 
metastases, but with a solitary suspicious lesion 
noted on the chest CT scan. This is usually either 
an enlarged adrenal gland or a second pulmo-
nary lesion in another lobe. It must be borne in 
mind that benign lesions are frequent (adrenal 
adenomas occur in 3%–4%, hepatic cysts or ade-
nomas in 2% of normal patients,5 and pulmonary 
nodules in 16% of patients with lung cancer, of 
which the vast majority are benign.10,11) Further-
more, patients with a satellite focus of cancer in 
the same lobe have an good prognosis, and should 
undergo evaluation and treatment without 
further investigation of the satellite nodule.12 
Thus, in many cases further testing is not neces-
sary if the lesion is typical of a normal benign 
fi nding. In those patients in whom a signifi cant 
suspicion of a metastasis exists, a PET scan is 
generally very useful in sorting out how to 
approach these patients. Besides demonstration 
of the presence or absence of uptake in the suspi-
cious lesion, PET is useful because most patients 
with a metastasis will have additional lesions 
noted on PET (including in mediastinal nodes). 
Alternatively, if the suspicion is high enough, a 
biopsy of the lesion may be warranted instead of 
PET imaging, which cannot deliver a histological 
specimen.

Patients who have a solitary site of distant 
metastasis by PET scan should undergo biopsy 
confi rmation of metastatic disease.13,14 This is 
because a substantial number (10%–50%) of these 
presumed solitary metastases are in fact benign 
lesions.15–17 Finally, it must be remembered 
that occasionally patients with a solitary distant 
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metastasis and no nodal involvement should be 
considered for a curative approach with resection 
of the primary and the metastasis.12

6.3. Clinical Stage III

The patients addressed in this section have 
enlarged mediastinal nodes on a chest CT scan, 
but are asymptomatic with regards to either con-
stitutional or organ-specifi c symptoms (i.e., the 
defi nition of clinical stage III). The questions to 
be addressed are how reliable the negative clini-
cal evaluation is with regards to distant meta-
stases, and how reliable the CT appearance of 
mediastinal node involvement is. It should be 
noted that the CT criteria for a suspiciously 
enlarged mediastinal node is a node that is greater 
than 1 cm in the short axis dimension on a trans-
verse CT image.

There is consistent data from multiple sources 
indicating that asymptomatic clinical stage III 
patients should undergo further testing to iden-
tify possible distant metastases.2 The false-
negative rate of the clinical evaluation in these 
patients is about 15% to 30%.5 Several studies 
have confi rmed that PET will detect distant 
metastases in 25% to 30% of stage cIII patients.7,18,19 
It has already been mentioned that PET is more 
sensitive than bone scan to detect bone metasta-
ses; furthermore only a minority of the distant 
metastases found involve the bone.18 Hence, a 
very strong argument can be made for obtaining 
a PET scan to look for distant metastases in stage 
III patients (without a pleural effusion).

The role of either PET or invasive biopsy of 
mediastinal nodes is more confusing. This is 
in part because there are different groups of 
patients with potential mediastinal involvement 
and the reported data has not always described 
which groups were included in the analysis. The 
following paragraphs attempt to arrive at recom-
mendations for each group because of the appli-
cability to clinical care, realizing though that 
the data is often imperfect. It is assumed in the 
next paragraphs in this section that patients 
do undergo a PET scan (and brain MRI/CT) for 
the detection of distant metastases; furthermore 
it is assumed that no distant metastases were 
found.

Patients with known or suspected lung cancer 
without symptoms of distant metastases can be 
divided into four general groups on the basis of 
the chest CT characteristics (Figure 6.1). Group A 
has very extensive mediastinal infi ltration, to the 
point where discrete lymph nodes can no longer 
be discerned or measured, or where mediastinal 
structures (i.e., vessels, trachea, etc.) are encir-
cled (infi ltrative stage cIIIa,b). Group B involves 
patients with discrete enlarged mediastinal 
lymph nodes by CT scan (nodal stage cIIIa or 
cIIIb). Groups C and D do not have radiographic 
mediastinal node involvement (by CT), and will 
therefore be discussed in the sections on clinical 
stage I and II.

In patients with stage cIII NSCLC with exten-
sive mediastinal infi ltration (Group A, infi ltra-
tive stage cIIIa,b), clinical experience suggests 
that this appearance on CT is quite reliable 
for malignant involvement.20 However, there is 
no data substantiating this because biopsies to 
confi rm malignancy have not been felt to be nec-
essary. In these situations, PET scanning invari-
ably demonstrates signifi cant uptake. Because 
the CT appearance alone is accepted as reliable 
without further biopsy, there is no reason to 
pursue a biopsy to confi rm PET uptake in the 
mediastinum either. (A biopsy may be necessary 
simply to confi rm the diagnosis and defi ne the 
cell type, but that is a different issue than obtain-
ing a biopsy because the mediastinal staging is in 
question.)

Patients with enlargement of discrete medias-
tinal nodes represent another group (group B, 
nodal stage cIIIa or cIIIb). In these patients it is 
well documented that reliance on the CT appear-
ance alone is notoriously inaccurate because 
approximately 40% of patients do not have medi-
astinal involvement.21 Again, such patients should 
undergo PET imaging to detect distant metasta-
ses. However, the value of PET to defi ne the status 
of the mediastinal nodes is debatable because the 
data suggests that either a positive or a negative 
PET result in the mediastinum should be con-
fi rmed by a tissue biopsy.2

It is generally agreed that positive PET uptake 
in the mediastinum should be confi rmed by 
biopsy20 because of a false-positive rate of 13% to 
23%.21–24 Most clinicians would be uncomfortable 
relying on a negative PET scan in the face of 
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clearly enlarged mediastinal nodes, although 
data that pertains to this is limited. One study 
suggested the false-negative rate of PET in 
patients with enlarged mediastinal nodes was 
8%,22 but a meta-analysis suggests that the prob-
ability of N2,3 involvement after a negative 
PET scan is approximately 30%, given a pretest 
probability of 60% (for enlarged nodes by CT).24 
Thus, in patients with enlarged mediastinal 
nodes tissue confi rmation should generally be 
obtained, regardless of the PET results. This can 
be accomplished either by a traditional medias-
tinoscopy or by needle aspiration [using esopha-
geal ultrasound, endobronchial ultrasound, or 
simple landmark-guided transbronchial aspira-
tion (TBNA)].20 Each of these procedures has rea-
sonably good sensitivity (with the lowest being 
for blind TBNA), but the false-negative rate of the 
needle aspiration techniques is 20% to 30%.20

6.4. Clinical Stage II

The role of PET imaging for distant staging in 
patients with a clinical stage II NSCLC is unclear. 
Only one study has specifi cally reported on such 
patients (involving only 18 cII patients), and 
found that PET detected distant metastases in 
18% of patients.18 Thus, PET can be justifi ed in 
these patients. Another approach is to argue that 
the data relating to CT scans in patients with cII 
NSCLC indicates that approximately 20% have 
mediastinal node involvement despite normal-
sized nodes on CT.21 This approach argues that 
mediastinoscopy should be done fi rst; if it is posi-
tive then a PET would be indicated to look for 
distant metastases, whereas if it is negative, then 
the PET could be omitted. However, it must be 
acknowledged that there is very little data to 
defi ne an evidence-based approach.

B

D
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FIGURE 6.1. Different categories of patients with regards to 
mediastinal staging by CT. (A) Group A, infiltrative stage cIIIa,b. 
Patients with mediastinal infiltration of tumor, making individual 
lymph nodes impossible to distinguish. (B) Group B, nodal stage 
cIIIa or cIIIb. Patients with enlargement of discrete mediastinal 

nodes. (C) Group C, stage cII or central stage cI. Patients with a 
central tumor or evidence of N1 nodal enlargement, but with a 
normal mediastinal CT. (D) Group D, peripheral stage I. Patients 
with a peripheral clinical stage I tumor and a normal mediastinal 
CT.
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Similarly, the role of PET in staging of the 
mediastinum in patients with cII NSCLC is 
unclear. There is ample evidence of a 20% to 25% 
chance of N2,3 nodal involvement despite normal-
sized mediastinal nodes in these patients.21 This 
is true both for patients with enlarged N1 nodes 
as well as in patients with central tumors. These 
patients are classifi ed as Group C in Figure 6.1 
(stage cII or central stage cI). In this group, PET 
uptake in a mediastinal node should be con-
fi rmed, based on the 20% false-positive rate dis-
cussed in the previous section. There is no data 
that directly defi nes the false-negative rate of PET 
in the mediastinum in these patients, although a 
false-negative rate of greater than 5% for PET can 
be estimated when the pretest probability of 
malignant involvement is 20% to 25%.24

In the absence of direct data for PET, one ratio-
nal approach is to pursue invasive biopsy of the 
mediastinum in cII patients, given what is known 
from studies involving only CT imaging. In this 
example, the procedure of choice would be medi-
astinoscopy rather that a needle aspiration tech-
nique. This is due to the easier ability to sample 
multiple mediastinal nodes in the most promi-
nent nodal areas, and due to the higher false-
negative rate (20%–30%) for needle aspiration 
techniques, especially in normal-sized nodes.23 
Another rational approach is to perform PET 
imaging in cII patients and omit mediastinos-
copy if the PET is negative in the mediastinum 
(and for distant metastases). The advantage of the 
approach involving mediastinoscopy is that it is 
based on data that is directly derived from this 
group of patients, and also yields a tissue biopsy 
for diagnosis should there be mediastinal 
involvement.

6.5. Clinical Stage I

There is little role for PET in asymptomatic 
patients with a peripheral clinical stage I tumor. 
If the clinical evaluation is negative, traditional 
staging tests (bone scan, brain CT, upper abdom-
inal CT) detect distant metastases in less than 
5% of patients.5 Positron emission tomography 
imaging also detects distant metastases in less 
than 5% of patients, as demonstrated by multiple 
studies (although some included a proportion of 

cII patients or did not document a negative clini-
cal evaluation).7,16,18,25,26 In fact, the chance of 
a false-positive PET fi nding is higher than the 
chance of identifying an actual metastasis, which 
underscores a danger of obtaining a PET scan in 
these patients.16 Thus, there is little justifi cation 
for PET to detect distant metastases in patients 
with clinical stage I tumors.

Similarly, the data does not strongly support 
the value of PET scanning to evaluate the medi-
astinum in patients with peripheral cI tumors 
(Group D in Figure 6.1).2 The fact that thoracot-
omy and node dissection discloses less than 10% 
with positive mediastinal nodes argues against 
the use of PET for mediastinal staging in these 
patients.21 Less than 5% of 84 stage cI patients 
who underwent PET were found to have N2,3 
node involvement in one study.26 Moreover, 60% 
of the positive PET results in the mediastinum 
turned out to be false positives,26 underscoring 
the drawbacks of pursuing such imaging if the 
incidence of disease is low.

6.6. Summary

Table 6.1 is a general guideline regarding the 
need for PET imaging in patients with lung 
cancer. This algorithm assumes the patient has 
had a careful history and physical exam by a phy-
sician experienced in dealing with lung cancer 
patients, and assumes the patient has had a chest 
CT scan. This schema represents a rational 
approach based on the available evidence. It is 
recognized that no approach is 100% accurate. 
There must be a balance between the risk of sub-
jecting a patient to futile resection (by miss-
ing unsuspected metastases) versus denying the 
patient a curative approach (because of presumed 
metastases that are not truly present). Further-
more, the process of staging requires judgment 
about the incremental benefi t versus the risks of 
further testing (morbidity and potential detri-
ment by misleading results).

The text of this chapter provides a numerical 
assessment of the reliability of particular assess-
ments (false-positive and false-negative rates), so 
that the clinician can weigh the pros and cons of 
adding another layer of testing in a particular 
patient. This weighing of pros and cons is the 
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process of clinical judgment and represents 
the art of medicine. Table 6.1 does not allow all 
these nuances to be represented, and inherently 
involves judgments about what degree of accu-
racy is acceptable. In general terms, a less than 
5% chance of changing the stage is considered 
acceptable in avoiding another imaging test, and 
a less than 10% chance acceptable for avoiding an 
invasive test.

In patients with very obvious signs of meta-
static disease, there is little role for PET imaging, 
and a directed radiographic study or biopsy is 
usually more expedient and suffi cient. Patients 
with subtle signs of possible distant metastases 
need to be investigated more carefully, and PET 
represents an ideal test in this situation (as well 
as a brain MRI; level of evidence 1+; recom-
mendation grade B). Furthermore, PET imag-
ing is frequently useful in patients in whom a 
possible metastasis has been detected by the chest 
CT. In any of these scenarios, if PET imaging 
shows multiple areas of uptake that are typical 
for metastases, this is suffi cient; however, a 
solitary site of possible metastasis by PET or 
an atypical radiographic appearance or clinical 
presentation requires a biopsy of the site in 
question (level of evidence 2+; recommendation 
grade D).

Asymptomatic patient with radiographic stage 
cIII tumors (by CT) should undergo a PET and 
brain MRI/CT because there is a 25% to 30% 
chance of fi nding distant metastases (level of evi-
dence 2+; recommendation grade C). Patients 
with discrete nodal enlargement on CT should 
undergo tissue confi rmation of these nodes 
regardless of the PET fi ndings (level of evidence 
2++; recommendation grade B).

TABLE 6.1. Overview of recommended staging tests in patients with NSCLC.

Clinical scenario           Next step             Justification

cIV
  Strong clinical symptoms Directed radiographic study or biopsy Expediency
  Subtle clinical symptoms PET, brain MRI/CT 70% FP rate of clinical evaluation
  Specific radiographic issue (e.g., pulmonary PET, brain MRI/CT (vs. biopsy) Settle specific issue, rule in/out additional mets
    nodule, adrenal)
cIII (asymptomatic)
  Mediastinal infiltration PET, brain MRI/CT 30% chance of distant metastases
  Discrete nodal enlargement PET, brain MRI/CT 25%–30% chance of distant metastases
  EUS-NA, TBNA (vs. Med) if no distant mets  20% FP, ~20% FN rate of PET in mediastinum
cII (asymptomatic, normal mediastinum on CT)
  Central tumor or cN1 on CT Mediastinoscopy 20% FN rate of CT in mediastinum, 30% FN rate of
  TBNA, EUS-NA; unclear value of PET for distant
    mets or mediastinal assessment
 PET, brain MRI/CT if Med + 20%–30% chance of distant metastases
 Resection if Med − <5% chance of distant metastases
cI (asymptomatic, normal mediastinum on CT)
cI (peripheral lesion) Resection <5% chance of distant mets, <10% chance of 
   N2,3 mets

Abbreviations: CT, computed tomography; EUS-NA, esophageal ultrasound and needle aspiration; FN, false negative; FP, false positive; Med, medias-
tinoscopy; mets, metastases; MRI, magnetic resonance imaging; NSCLC, non-small cell lung cancer; PET, positron emission tomography; TBNA, trans-
bronchial needle aspiration. 

In patients with obvious metastatic disease, 
there is little role for PET imaging; patients 
with subtle signs of possible distant metasta-
ses need to be investigated more carefully, and 
PET represents and ideal test in this situation 
(level of evidence 1+; recommendation grade B).

A solitary site of possible metastasis by PET 
requires a biopsy of the site in question (level 
of evidence 2+; recommendation grade D).

Patients with stage cIII tumors (by CT) should 
undergo a PET (level of evidence 2+; recom-
mendation grade C).

Patients with discrete nodal enlargement on 
CT should undergo tissue confi rmation of 
these nodes regardless of the PET fi ndings (level 
of evidence 2++; recommendation grade B).



66 F.C. Detterbeck

Two different approaches to patients with 
central tumors or stage II lung cancer can be jus-
tifi ed, in part because the data for this stage is 
limited. One strategy involves an initial medias-
tinoscopy, and a PET scan is obtained only if it 
is positive (level of evidence 3; recommendation 
grade D). This is based on a high incidence of 
positive N2,3 involvement in normal-sized nodes, 
which may well not show up on PET (the data 
regarding the false-negative rate of PET in this 
situation is unclear). An alternative would be to 
do a PET scan fi rst, and perform mediastinos-
copy only if it is positive in the mediastinum 
(level of evidence 3; recommendation grade D).

Neither a PET scan nor mediastinoscopy is rec-
ommended for patients with peripheral stage I 
tumors (level of evidence 2+; recommendation 
grade C).
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Patients with central tumors or stage II lung 
cancer can undergo (1) an initial mediastinos-
copy with a PET scan obtained only if it is 
positive; or (2) a PET scan fi rst with mediasti-
noscopy only if the PET is positive in the 
mediastinum (level of evidence 3; recommen-
dation grade D).

Neither a PET scan nor mediastinoscopy is 
recommended for patients with peripheral 
stage I tumors (level of evidence 2+; recom-
mendation grade C).

These recommendations are as evidence-based 
as possible. However, little data exists for some 
clinical scenarios. Perhaps future studies will 
address this so that PET imaging as well as inva-
sive testing can be used in a rational, logical 
manner, avoiding overuse and misinterpretation 
of results.
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7
Routine Mediastinoscopy for Clinical Stage I 
Lung Cancer
Karl Fabian L. Uy and Thomas K. Waddell

operative staging in many countries, we will 
discuss this topic with and without the availabil-
ity of PET as clinical scenarios.

7.1. Limitations

The available literature on this specifi c topic is 
limited. Although there is a modest collection of 
data on mediastinoscopy in general, few focus 
narrowly on this topic. The majority of reporting 
series contain the clinical stage I subgroup of 
patients, but this data is not reported separately 
and is not extractable. In addition to heteroge-
neous populations, reports over the last two 
decades contain nonconsecutive patients and 
inconsistent screening criteria. The confusion is 
furthered by the varying qualities of the imaging 
equipment used for clinical staging. Because the 
present evidence has considerable faults and lim-
itations, formulating a straightforward answer to 
this specifi c question is impossible. There is a 
greater volume of literature on chest CT and PET 
scanning, which has been summarized in a well-
done meta-analysis,6 and to which we refer to 
rather than quoting each study separately.

7.2. Definition of Benefit

When a procedure or test is said to be “of benefi t,” 
what is meant exactly, and how does this defi ni-
tion affect the conclusions drawn? There are a few 
possible measures of benefi t from a strategy of 
routine mediastinoscopy. Survival, whether mea-

Cervical mediastinoscopy is a widely used proce-
dure in the invasive staging of non-small cell 
lung cancer (NSCLC). It is a safe invasive diag-
nostic procedure that has been shown to have a 
morbidity rate of 1.7%, a mortality rate of 0.07%, 
and an emergency thoracotomy rate of 0.12%.1–5 
Most commonly, it is done after noninvasive 
staging modalities have demonstrated no advanced 
disease, and is the fi nal step in the determination 
of the benefi t of surgical resection. Mediastinos-
copy policies differ among countries, institu-
tions, and surgeons, but generally it is done either 
selectively or routinely. There is a strong consen-
sus for performing this in patients with enlarged 
mediastinal lymph nodes, but there is less than 
widespread acceptance for performing it in the 
setting of normal-sized nodes. Certainly, the 
prevalence of N2 or N3 disease is lower when 
both hilar and mediastinal lymph nodes are not 
enlarged on anatomical studies like chest com-
puted tomography (CT), and/or have no increased 
uptake on a metabolic imaging modality like 
positron emission tomography (PET). Yet, how 
low should this prevalence be before mediasti-
noscopy no longer provides benefi t? This chapter 
discusses the issue of whether routine cervical 
mediastinoscopy is of benefi t when noninvasive 
studies have demonstrated clinical stage I disease. 
Because our recommendations in large part 
depend on the performance characteristics of 
chest CT scan and PET scan, data pertaining to 
their use in this patient population is included; 
however, we do not address the issue of whether 
PET should be included in the staging workup. 
Also, because PET is not part of the routine pre-
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sured absolutely or by quality-adjusted life-years 
(QALYs) is the most obvious. These can be used 
to factor cost effectiveness or cost utility, while 
costs are very sensitive to local system issues and 
diffi cult to widely translate. Another possible 
measure of benefi t that has been used in some 
studies is the rate of avoidance of “unnecessary”
thoracotomy.7 For example, some investigators 
might defi ne this as situations where N2 disease 
is discovered at thoracotomy in a cN0 patient, in 
which case an outright lung resection is deemed 
of no survival advantage compared to no resec-
tion. We would contend that this defi nition and 
concept is at present being challenged by new 
evidence, such as large phase III trials of adjuvant 
chemotherapy.8,9

The decision to perform routine mediastinos-
copy for clinical stage I lung cancer depends in 
large part on the treating physician’s opinion of 
how N2 disease is best treated. Specifi cally, what 
is the best treatment for clinical T1-2 N0 non-
small cell lung cancer that turns out to be patho-
logic N2? The options include routine surgical 
resection followed by adjuvant chemotherapy, 
neoadjuvant chemotherapy with or without radi-
ation followed by surgery, or chemoradiation 
without surgery. Although mediastinoscopy does 
detect N3 disease and could contribute signi-
fi cantly by excluding stage IIIB patients from 
surgery, the incidence of mediastinoscopy-
detected N3 disease in the clinical stage I group 
is suffi ciently low – 0% to 1%10–12 – that it will not 
impact on our recommendations.

The best treatment for this very specifi c subset 
of patients is unknown. For those who feel that 
N2 disease is best treated without surgery at 
all, routine mediastinoscopy would clearly have 
some advantages. However, there is very little 
specifi c literature available on this subset of 
patients who are treated with chemoradiation 
alone. Thus, it is diffi cult to work out the cost 
savings per patient with this approach. Our view 
is that surgery is appropriate in many patients 
and has the potential to offer some improvement 
in survival. For example, we may make some 
inferences based on how overall N2 disease is 
best treated, and answers to this question are now 
emerging. The North American Intergroup 0139 
trial is a multicenter randomized, controlled trial 
that explored the utility of preoperative chemo-

radiation followed by surgery versus chemoradi-
ation alone for T1-3 N2 non-small cell lung cancer. 
A statistically signifi cant 50% increase in median 
survival was found for those patients whose 
tumors were amenable to a lobectomy.13 However, 
patients who required pneumonectomy had a 
high operative mortality, and, in this group, the 
addition of surgery had no advantage to chemo-
radiation alone in terms of overall survival. The 
patient population in this trial consisted of all 
categories of N2, but the subset of lobectomy 
patients probably represents a group with a lower 
tumor burden and therefore more similar to our 
patients of interest.

A cost-effectiveness analysis has been done, 
addressing the question of whether thoracotomy-
discovered N2 disease is best managed by out-
right resection or by aborting the lung resection, 
administering neoadjuvant chemotherapy, and 
subsequently re-operating and performing the 
lung resection should there be no progression.14 

The pertinence of this analysis is that the patient 
population is predominantly cN0-1 who were 
subsequently found out to be pN2, which is pre-
cisely the subset which routine mediastinoscopy 
hopes to pick up. Does picking up N2 preopera-
tively in this subset provide any advantage over 
outright resection and just giving chemotherapy 
postoperatively? The answer from this analysis is 
yes, in terms of better median survival, QALY, 
and cost-effectiveness (incremental cost-effec-
tiveness ratio of $17,119 per QALY), even with a 
reoperation. In this context, then, routine medi-
astinoscopy would be benefi cial in reducing the 
number of patients subjected to exploratory tho-
racotomy and ensures that the maximum number 
of patients will undergo the preferred treatment 
– neoadjuvant chemotherapy. The drawback of 
this 2003 analysis, though, is that it used survival 
estimates from the 1990s for the adjuvant chemo-
therapy group. We now have mature results of 
two large phase III trials8,9 that demonstrate a 
larger survival benefi t for adjuvant cisplatin-
based chemotherapy for stage IIIA; however, 
these studies combined T3N0 with cN2, and many 
of the patients did not have mediastinoscopy 
before treatment, so the clinical staging was not 
rigorously done. A direct comparison between 
pre- and postoperative chemotherapy adminis-
tration will only be available when a phase III 
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trial comparing these two administration regi-
mens matures in a few years (the NATCH trial – 
neoadjuvant taxol-carboplatin HOPE trial).

Our choice as to whether pre- or postoperative 
administration is better is central to our decision 
for choosing or rejecting a routine mediastinos-
copy strategy. The survival advantages mentioned 
above are diffi cult to compare at present – 
however, it is a well-established fact that patients 
are far more compliant with preoperative (90% 
completion) rather than postoperative (25%–65% 
completion) chemotherapy,13,15–17 which alone 
would sway the balance towards preoperative 
administration. Our own experience with a stan-
dardized regimen of induction chemoradiation 
followed by surgery for cN2 over the last 7 years 
resulted in a median survival of 40 months, which 
we consider very favorable compared to our pre-
vious experiences with adjuvant chemotherapy. 
This experience, along with a higher completion 
rate with preoperative chemotherapy, has fi rmly 
entrenched our belief that neoadjuvant is better 
than adjuvant administration for N2 disease.

If it is accepted that induction treatment is a 
benefi cial management strategy for N2 disease, 
then it would be useful to discuss routine medi-
astinoscopy. The next issue then is the prevalence 
of N2 disease in CT with or without PET-
determined N0 and the performance characteris-

tics of mediastinoscopy. The prevalence of N2 
disease after successive steps in the preoperative 
workup is listed in Table 7.1.

7.3. Routine Mediastinoscopy in 
Clinical Stage I after a Negative 
PET Scan

Postiron emission tomography for staging of lung 
cancer has become widely used, particularly in 
the United States. After a negative PET scan, the 
prevalence of involved mediastinal nodes in clini-
cal stage I is 4.8% to 11.7% (Table 7.1). There have 
been only two studies to our knowledge that 
address the specifi c issue of mediastinoscopy 
after PET.11,18 One study18 has more than double 
the prevalence of the other, in part because this 
paper refl ects a T2-3 population rather than T1-2 
N0, and the paper did not clearly state the clinical 
N status so it is possible that there are some cN1 
patients included in this series. The quoted preva-
lence of 11.7%, therefore, is the mediastinoscopy-
detected prevalence of involved mediastinal 
nodes in patients with cT2-3 and a negative PET 
scan. The incidence of thoracotomy-discovered 
N2 was not stated, so the post-PET + mediastinos-
copy prevalence is unknown. In the other paper,11 
which specifi cally considers our population of 

TABLE 7.1. Prevalence (false-negative rate) of N2 disease in clinical stage I non-small cell lung cancer.

   Prevalence after  
Staging examinations Reference N negative examinations Level of evidence

After CT CLOG7 183 23% 1b
 De Leyn20 235 20% 4
 Suzuki22 342 17% 4
 Pieterman21 54 18.5% 1b
 Gould6 1119 20% 2a
 Choi12 291 15.5% 4
 Average  19.2%
After CT + mediastinoscopy De Leyn20 235 10.6% 4
 Choi12 291 9.2% 4
 Kim23 343 6% 4
 Average  8.3%
After CT + PET Gould6 479 6% 2a
 Viney10 42 4.8% 1b
 Meyers11 248 5.6% 2b
 Gonzalez- 137 11.7% 4
 Stawinski18

 Average  6.7%
After CT + PET + mediastinoscopy Meyers11 178 4.5% 2b
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interest, the post–negative PET, premediastinos-
copy prevalence of N2 disease was 5.6%, and 
mediastinoscopy was able to reduce this to 4.5%. 
The sensitivity of mediastinoscopy in this exten-
sively screened population was thus 38%. This 
1.1% reduction in prevalence was subjected to 
a cost-effectiveness analysis in the same paper, 
with two-way sensitivity analyses to examine the 
impact of changes in the prevalence of N2 and the 
benefi t of induction over adjuvant chemotherapy. 
The results showed that routine mediastinoscopy 
would add an average 0.01 years (3.65 days) of life 
at a cost of $201,918 per life-year gained. Although 
cost is indeed relative, most payers (public or 
private) may fi nd this rather high. Sensitivity 
analyses showed that the prevalence of N2 would 
have to exceed 10% to reduce the cost to below 
$100,000 per life-year gained. We cannot recom-
mend routine mediastinoscopy after a negative 
PET if it only achieves a 1.1% reduction in N2 
prevalence, with or without consideration of the 
high cost of this strategy (grade C recommenda-
tion). The issue is not yet settled, however, as the 
above data on the value of mediastinoscopy in the 
context of a negative PET scan is derived from 
only one case series. Although this analysis was 
performed in a center of excellence where the 
diagnostic accuracy of PET and mediastinoscopy 
is probably above average, the data cannot be 
considered of suffi ciently high quantity and 
quality to resolve the issue, and the question of 
routine mediastinoscopy after negative PET scan-
ning should be considered an unanswered one.

chest CT shows no enlarged hilar or mediastinal 
lymph nodes (N0). This prevalence has been 
reported to be 15.5% to 23%, in contrast to 4.8% 
to 11.7% after PET (Table 7.1). The specifi city 
of mediastinoscopy has been repeatedly shown 
to be 100%, with a more variable sensitivity rate 
that averages 84%.19 However, these values were 
computed based on large series of patients with 
and without enlarged mediastinal lymph nodes, 
and its sensitivity should decrease as the preva-
lence decreases. There are very few studies that 
specifi cally address the issue of routine medias-
tinoscopy in cT1-2N0.12,23 The largest case series 
of 291 patients with this exact patient population 
found N2 disease in 9.2% of mediastinoscopy-
negative patients.12 The sensitivity of mediasti-
noscopy in this study was 44.4%, in an institution 
where mediastinoscopy was done for all surgical 
candidates, regardless of nodal status by imaging. 
Another retrospective study done for economic 
analysis purposes reported a postmediastinos-
copy prevalence of 6% despite including some 
cN1 patients.23

A reduction in N2 prevalence from an average 
19.2% to 8.3% is not large, but we contend it 
is enough for surgeons to decide to routinely 
perform mediastinoscopy (grade C recommen-
dation). Routine mediastinoscopy in the post-CT 
setting is also cost effective. As mentioned in 
the cost-effectiveness analysis paper that studied 
post-PET routine mediastinoscopy,11 a prevalence 
of N2 of 10% results in an expense of $100,000 per 
life-year gained. A 20% prevalence will reduce 
the cost per life-year gained even more.

Routine mediastinoscopy is not recommended 
in the context of a negative PET; current data 
suggest it only achieves a 1.1% reduction in N2 
prevalence (level of evidence 1b to 4; recom-
mendation grade C).

7.4. Routine Mediastinoscopy in 
Clinical Stage I after a Negative 
Chest CT Scan

In institutions where PET is not readily available, 
the argument for or against routine mediastinos-
copy depends on the prevalence of N2 after a 

In the absence of PET and in the context 
of normal mediastinal lymph nodes on CT, 
routine mediastinoscopy is recommended 
because it reduces N2 prevalence from 19% to 
8% (level of evidence 1b to 4; recommendation 
grade C).

7.5. Perspective

Surgeons who choose to do selective mediasti-
noscopy on post-CT clinical stage I patients 
usually base their decisions on histology, location 
of tumor (central versus peripheral), and tumor 
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size. Table 7.2 summarizes the prevalence of pN2 
in papers that had data for clinical stage I patients. 
Although there is a trend towards a higher pN2 
rate in T2 as opposed to T1 lesions, the two series 
comparing central and peripheral lesions had 
opposite fi ndings, and none of the differences 
are signifi cant enough to make a recommenda-
tion for selective mediastinoscopy in a particular 
group. Of note, a large, well-analyzed series24 
found a signifi cant difference between central 
and peripheral tumor locations; but when the T3-
T4 tumors were excluded, the difference became 
more modest (9.2% vs. 5.8%).

Histology, if it is available, provides a better 
discriminant of pN2 rates, with metastases found 
in an average 14% of non-bronchioloalveolar car-
cinoma adenocarcinomas versus 8.9% of squa-
mous cell carcinomas. However, the surgeon still 
has to contend with the knowledge that there is 
an 8.9% chance of missing N2 disease if he/she 
does not perform mediastinoscopy in stage I 
squamous cell carcinoma. There is not much data 
for large cell carcinomas, but the suggested pre-
valence rates of 33% to 40%25,27,30,31 mandate a 
mediastinoscopy if this diagnosis is obtained 
preoperatively.

At our institution, routine mediastinoscopy 
continues to be done on all patients, whether 
clinical stage I by chest CT only, or by chest CT 
with PET. Continuing this practice has a number 
of advantages at the present time. Routine medi-
astinoscopy provides the most precise staging, 
whether cost effective or not. Precision of staging, 
aside from benefi ting the individual patient (and 
society, indirectly), adds to the worldwide fund 
of knowledge about lung cancer staging and 
treatment, which if collected properly will even-
tually generate enough data to answer questions 
like “should routine mediastinoscopy be done in 
clinical stage I lung cancer?” It maximizes oppor-
tunities to offer patients the chance to participate 
in neoadjuvant trials for N2 disease. We consider 
these trials important, and it is precisely the 
patients with microscopic N2 disease who we 
believe are most likely to benefi t from an aggres-
sive approach. Another advantage is the mainte-
nance of expertise in this operator-dependent 
diagnostic modality, which has uses other than 
for staging lung cancer. Depending on an institu-
tion’s patient population and mediastinoscopy 
policy, 5% to 20% of patients undergo mediasti-
noscopy for non-lung cancer indications, the 
most common of which is undiagnosed medias-
tinal lymphadenopathy. Greater than 90% of 
these lesions (half of which are benign) can be 
diagnosed by mediastinoscopy.1,32,33 For most 
of these patients, mediastinoscopy obviates the 
need for a thoracoscopy or thoracotomy. Thus, 
training and maintenance of competence through 
frequent mediastinoscopy is another indirect 
benefi t of a routine mediastinoscopy policy.

We believe that the data is suffi cient for the 
recommendation of routine mediastinoscopy 
in patients staged as cT1-2 N0 after chest CT. 
However, the issue is unresolved in the increasing 
number of post-PET patients. A randomized trial 
of mediastinoscopy versus no mediastinoscopy 
in post-PET clinical stage I patients certainly 
could be done, though there will probably be 
little interest in pursuing this. In the absence of 
a randomized trial, prospective data collection in 
institutions implementing routine mediastinos-
copy will probably be what will determine future 
practice. Of greatest usefulness would be an anal-
ysis of the prevalence of N2 disease in PET-
negative patients according to histology, location 

TABLE 7.2. Prevalence of pN2 in clinical stage I lung cancer by tumor 
characteristics.

  Primary tumor
Reference N characteristics

  Central Peripheral
Daly24 501  9.2%  5.8%
Suzuki22 379 11.1% 18.5%
 Average 10.0% 11.3%
  Adenocarcinoma Squamous cell
Vallieres25  35 15.8%  10%
Lewis26 418  7.3%  6.1%
Funatsu27 164 10.7%  7.1%
De Leyn20 235 21.5% 16.8%
Suzuki22 379  20%  12%
Choi12 291 11.5%  3.3%
 Average 14.0%  8.9%
  T2 T1
McKenna28  47  18%
Vallieres25  35   13%
Lewis26 418  8.5%  7%
De Leyn20 235 17.7%  9.5%
Tahara29  30   11%
Choi12 291  6.1%  8.9%
 Average 10.4%  8.4%
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of tumor, and T status. As in the discussion on 
selective mediastinoscopy for post-CT cN0, this 
information will refi ne the decision-making 
process. It should help thoracic surgeons decide 
which of their PET-negative stage I patients 
require mediastinoscopy, should they choose not 
to do it routinely. For now, however, it is sug-
gested that thoracic surgeons perform routine 
mediastinoscopy on their patients until a suffi -
cient body of evidence accumulates to better 
answer this question.
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8
Management of Unexpected N2 Disease 
Discovered at Thoracotomy
Hyde M. Russell and Mark K. Ferguson

incomplete and often inaccurate. Arguments 
for aborting a planned resection when N2 nodal 
disease is discovered intraoperatively include: 
the morbidity of an exploratory thoracotomy is 
substantially less than that of a formal lung 
resection; preoperative systemic therapy is more 
effective in prolonging survival than is postop-
erative adjuvant therapy; and not all patients 
with N2 nodal disease should be subjected to 
resection. There is no direct comparison of out-
comes of the two choices to guide decision making 
in this setting, and conclusions must be extrapo-
lated from several different data sets.

8.1. Published Data

The current practice pattern among most tho-
racic surgeons who discover involved ipsilateral 
mediastinal nodes at the time of formal lung 
resection is to proceed with the planned resec-
tion.3 Determining the optimal therapy for such 
patients requires examining all available options, 
including surgery alone, surgery with postopera-
tive therapy, induction therapy followed by resec-
tion, and chemoradiotherapy alone. In order to 
obtain data for comparison of these four choices, 
published outcomes from a variety of studies 
were reviewed. A Medline search of English lan-
guage publications from 1990 to 2005 using the 
criteria “lung resection” and “lung neoplasm” 
and “stage III” or “mediastinal adenopathy” or 
“N2” yielded 744 results. One hundred twenty 
abstracts were reviewed and an article search was 
performed on selected abstracts. Additional 

The appropriate therapy for stage IIIa (N2) non-
small cell lung cancer (NSCLC) is not clearly 
established. Recent randomized trials demon-
strate that preoperative chemoradiotherapy 
followed by resection improves long-term and 
disease-free survival compared with surgery 
alone.1,2 These results have bolstered the interest 
in multimodality treatment for patients with 
resectable N2 disease. Furthermore, the litera-
ture suggests that neoadjuvant therapy followed 
by surgery is superior to resection and subse-
quent adjuvant treatment, although such a com-
parison has not been defi nitively studied. Based 
on these results, patients who are found to have 
N2 nodal metastasis prior to thoracotomy, using 
methods such as mediastinoscopy, thoracoscopy, 
endoscopic ultrasonography, transbronchial 
needle aspiration, or possibly positron emission 
tomography (PET) scanning, should receive neo-
adjuvant treatment prior to resection.

A therapeutic dilemma arises when unsus-
pected N2 nodal disease is encountered intraop-
eratively during a planned formal lung resection 
for clinical stage I or II NSCLC. The management 
options include proceeding with resection or 
aborting the planned resection to allow for neo-
adjuvant treatment with possible subsequent 
reoperation and resection. The prevailing prac-
tice pattern favors initial resection for several 
reasons: the patient has already been subjected to 
the morbidity of a thoracotomy; intraoperative 
mediastinal nodal staging is time consuming and 
is unlikely to change the long-term outcome; and 
many surgeons perform only sampling of suspi-
cious nodal stations at best, making nodal staging 
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references from article bibliographies were 
included as appropriate.

8.1.1. Surgery Alone for N2 Disease

The reported outcomes of surgically resected N2 
disease are uniformly poor, with 5-year survival 
ranging from 10% to 27%, with most articles 
reporting 20% survival at 5 years and median 
survival times of 18 to 24 months.4–8 (Table 8.1). 
Despite these low numbers, surgery remains 
a common therapeutic option because the out-
comes for resected patients are still signifi cantly 
better than for those who do not undergo opera-
tion, in whom 5-year survival is 0%. While this 
difference may largely be due to a selection bias 
that eliminates patients with advanced age, poor 
performance status, and clinical N2 disease from 
consideration for resection, surgery clearly has 
an impact in some patients. A Japanese study6 
evaluated the prognosis of N2 NSCLC in 222 
patients who had undergone resection. Overall, 
5-year survival was 27%, but in subgroup analy-
ses survival varied markedly from 0% to over 
50%. Prognostic factors found to be particularly 
important were clinical N2 nodal status, multiple 
diseased N2 nodes, tumor size, and complete 
resectability. Patients with clinical N2 disease, 
often described as bulky stage IIIa disease, and 
multiple pathologic mediastinal nodes had a 5-
year survival of 5%; in those who exhibited 
neither of those factors survival was 57% at 5 
years. The site of N2 disease was also signifi cant: 
patients with involved inferior N2 nodes fared 
worse (5-year survival 12%, p < 0.05) than 
others.

Miller and associates7 at the Mayo Clinic per-
formed a retrospective analysis of 167 patients 

who were found to have N2 disease at thoracot-
omy. Multivariate analysis revealed that younger 
age, negative inferior lymph nodes, fewer involved 
nodal stations, postoperative radiotherapy, and 
lobectomy rather than pneumonectomy all had 
a signifi cant positive impact on survival. Their 
patients’ 5-year survival rates following lobec-
tomy and pneumonectomy were 31% and 17%. 
These outcomes demonstrate the heterogeneity 
of this population of patients and reveal that, 
while some patients clearly derive benefi t from 
surgery, others are subjected to the risks of lung 
resection without an appreciable impact on the 
course of their disease.

8.1.2. Adjuvant Therapy

Postoperative (or adjuvant) chemotherapy has 
been the subject of many randomized, controlled 
trials, seven of which specifi cally address stage 
III disease (Table 8.2), and two of which focus 
solely on patients with N2 metastases.9–15 The 
results of these studies as a whole have largely 
been disappointing, as six of seven studies failed 
to fi nd an advantage to the use of adjuvant 
chemotherapy. A phase III trial conducted at 
Memorial Sloan-Kettering in 1994 randomized 
seventy-two patients with stage IIIa N2 disease to 
surgery with or without adjuvant chemotherapy. 
Median and 5-year survivals were 16.5 months 
and 17% in the treatment arm compared with 
19.1 months and 30% in the control group, leading 
the investigators to conclude that there was no 
evidence of benefi t from the postoperative che-
motherapy that was administered.

The Japan Clinical Oncology Group reported 
results of a phase III study in 1993 in which they 
randomized 181 patients with completely resected 
stage III disease to receive postoperative chemo-
therapy (cisplatin + vindesine) or no further 
treatment. They also failed to demonstrate any 
benefi t to the postoperative regimen. Three-year 
disease-free survival rates were 37% versus 42%, 
and median survivals were 31 months and 37 
months for the treated and untreated group, 
respectively.

More recently in Japan, Tada and colleagues 
looked specifi cally at patients with N2 metasta-
ses. One hundred nineteen patients with com-
pletely resected N2 disease were randomized to 

TABLE 8.1. Outcomes of surgery alone for N2 disease.

   Median
  No. survival 5-year
Reference Year patients (months) survival (%) EBM grade

Van 1993  44 12 10% 3
Klaveren3

Ishida4 1990 115 n/a 18% 3
Suzuki5 1999 222 30 27% 3
Miller6 1994 167 18 21% 3
Nakanishi7 1997  53 25 21% 3
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adjuvant chemotherapy versus no further treat-
ment. Five-year survivals were 28% in the treat-
ment group and 36% in the control arm. Median 
disease-free survivals were 18 months versus 16 
months respectively, and no statistical difference 
was found between the two groups.

The International Adjuvant Lung Cancer Trial 
Collaborative Group produced the one study that 
did fi nd a statistically signifi cant survival advan-
tage to postoperative chemotherapy. One thou-
sand eight hundred sixty-seven patients with 
stage I-IIIa disease who underwent complete 
resection were randomized to chemotherapy 
versus observation. At fi ve years, 45% of treat-
ment arm patients were alive compared with 40% 
of the control group (p < 0.03). Patients with N2 
disease constituted 26% of the study population. 
Among this subgroup, 32% of patients in the che-
motherapy group were alive at the end of the 
study compared with 28% in the control group. 
No statistical information is given regarding the 
N2 subgroup, but the fi nding represents a mar-
ginal improvement at best.

The lack of benefi t demonstrated by postopera-
tive chemotherapy in patients with N2 nodal 
metastasis has made its application controversial 

among providers. With regard to the clinical 
problem of N2 nodal disease discovered at the 
time of surgery, there is no evidence that the 
availability of postoperative adjuvant therapy 
should alter the decision of whether or not to 
proceed with resection.

8.1.3. Induction Therapy

In contrast to the lack of benefi t observed with 
adjuvant therapy in stage III N2 disease, preop-
erative or neoadjuvant chemotherapy shows more 
promise. Four prospective randomized studies 
comparing induction chemotherapy to surgery 
alone were published from 1992 to 2005 (Table 
8.3).

Roth and colleagues1 at MD Anderson ran-
domized 60 patients with resectable stage IIIa 
NSCLC to either preoperative chemotherapy 
(PCT) followed by surgery or surgery alone (SA). 
Eighty-three percent of the patients had histo-
logically confi rmed N2 disease and they were 
equally distributed between the two groups. 
The operations (lobectomy, bi-lobectomy, and 
pneumonectomy) were similar between the two 
groups, as was the rate of resectability. The 

TABLE 8.2. Outcomes of randomized, controlled studies of adjuvant postoperative therapy.

  Stages No. patients  Median survical months: 5-year overall survival:  EBM
Reference Year included (%N2) Regimen treatment vs. control treatment vs. control p value grade

Pisters9 1994 IIIa, N2 72 (100%) CT/RT vs. RT 16.3 vs. 19.1 17% vs. 30% 0.42 1−
Tada11 2003 IIIa, N2 119 (100%) CT vs. observation 18.3 vs. 16.1 28.2% vs. 36.1% 0.89 1+
Ohta10 1993 III 181 (66%) CT vs. observation 31 vs. 37 35% vs. 41% 0.595 1+
Dautzenberg13 1995 I–IIIa 267 (51%) CT/RT vs. RT N2: 15.3 vs. 8 N2: 19% vs. 6% 0.003 1+
ECOG14 2000 II–III 488 (54%) CT/RT vs. RT 38 vs. 39 33% vs. 39% 0.56 1++
IALT12 2000 I–IIIa 1867 (25%) CT/RT vs. RT na N2: 32% vs. 28% na 1++
Scagliotti15 2003 I–IIIa 1209 (25%) CT vs. Obs w/wo  55.2 vs. 48 Stage IIIa 20% ns 1++
    RT (43% with)  vs. 19%

Abbreviations: na, not applicable; ns, not significant.

TABLE 8.3. Outcomes of randomized studies of preoperative therapy.

   Median survival (months): 5-year overall survival:  
Reference Year No. patients treatment vs. control treatment vs. control p value EBM grade

Roselle8  1999 60 22 vs. 10 17% vs. 0% <0.001 1−
Roth7  1998 60 64 vs. 11 36% vs. 15%  0.056 1−
Pass 19 1992 27 28 vs. 15 nd  0.095 1−
Nagai9 2003 62 17 vs. 16 10% vs. 22% 0.53 1+

Abbreviation: nd, not determined.
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median survival of preoperative chemotherapy 
group was 64 months compared to the surgery-
only group’s 11 months. A long-term follow-up to 
this study was published in 199816: 5-year sur-
vival was 36% in the PCT group and 15% in the 
SA group. When analysis was limited to those 
patients who were able to be resected, the median 
survival in the PCT group had not yet been 
reached, and the median survival of the SA group 
was 18 months. Five-year survival rates among 
resected patients were 53% versus 24%, favoring 
the PCT group.

These impressive results were supported the 
following year by a Spanish study conducted 
by Roselle and others,2 which randomized 60 
patients to PCT + surgery or surgery alone. Both 
groups received postoperative radiotherapy. In 
the PCT group, 17% of patients were alive at 5 
years compared with none in the surgery alone 
group.17 Median survival was 26 months for PCT 
patients versus 8 months for the SA patients. This 
study was criticized on several issues: small 
size (60 patients), lack of biological equivalence 
between the two arms according to K-ras muta-
tions and aneuploidy favoring the treatment 
arm, and unexpectedly low control group results. 
Those criticisms aside, the evidence remains 
compelling enough to recommend preoperative 
therapy to patients with documented N2 
disease.

In contrast to the dramatic results of these two 
studies, two negative studies have been published 
more recently. Nagi and associates18 with the 
Japan Clinical Oncology Group released data on 
62 patients, all with N2 nodal metastasis, who 
were randomized to PCT or surgery alone with a 
median follow-up period of 6.2 years. Median 
survival was 17 months for the PCT group and 16 
months for surgery alone. Five-year survival esti-
mates were 10% [95% confi dence interval (CI), 
0%–20%] for the induction patients and 22% 
(95% CI, 7%–37%) for the surgery-alone group.

Pass and colleagues at the National Institutes 
of Health (NIH) published their data on a small 
randomized study comparing preoperative 
etoposide–platinum chemotherapy followed by 
surgery versus surgery with postoperative radio-
therapy. Twenty-seven patients were randomized 
with a median follow-up of 30 months. Median 
survival for the preoperative chemotherapy group 

was 29 months versus 16 months for the control 
group. Although the difference was remarkable, 
this result did not reach statistical signifi cance 
(p = 0.095).19

Despite these confl icting results in studies of 
small sample sizes, the magnitude of benefi t in 
the Roth and Roselle studies is compelling. In 
addition, a meta-analysis of four neoadjuvant 
studies was performed in 2004.20 Quantitative 
analysis of the pooled survival curves found a 
nonsignifi cant hazard ratio (HR) of 0.65 (95% CI, 
0.41–1.04) in favor of neoadjuvant chemotherapy 
in stage III disease.

8.1.4. Chemoradiotherapy Alone

Surgery has traditionally been the mainstay 
of potentially curative treatment for resectable 
disease. Given recent improvements in chemo-
therapy outcomes which rival those of surgery, 
the role of resection in the treatment of stage III 
N2 disease is increasingly a topic of debate. The 
North American Intergroup 0139 trial released 
interim data in abstract form at the 2005 Ameri-
can Society of Clinical Oncology (ASCO) 
meeting.21 This trial included 484 patients with 
stage III N2 disease who were considered poten-
tially resectable. Induction chemoradiotherapy 
was given to all patients followed by a re-
evaluation and subsequent randomization of 
surgery eligible patients to either resection or 
observation. Both arms received consolidation 
chemotherapy (postoperatively in the surgery 
arm). There were 16 treatment-related deaths 
in the surgery arm, 14 of which occurred in 
pneumonectomy patients (26% of all pneumo-
nectomies). In contrast, there were only four 
treatment-related deaths in the control group. 
The pattern of recurrence was signifi cantly dif-
ferent between the two groups with 10% local 
relapse in the surgery group and 22% in the 
control arm. There was no difference in the devel-
opment of distant metastasis between the two 
groups (37% vs. 42%). Tumor downstaging was 
evident with 46% of all resected specimens reveal-
ing N0 status. Five-year progression-free survival 
(PFS) was statistically different between the two 
groups favoring surgery (22% resected group vs. 
11% observation group). There was a trend 
towards superior overall survival at 5 years in the 
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surgery group (27% vs. 20%) but this difference 
did not reach statistical signifi cance. Tumor 
downstaging appeared to affect overall survival: 
patients who were pN0 had a 41% 5-year survival 
compared with 24% in pN1–3 patients.

To clarify the effect of the pneumonectomy-
related deaths on the study, an exploratory sub-
group analysis was performed based on surgical 
procedure. Chemoradiotherapy followed by 
lobectomy had a statistically signifi cant improve-
ment in survival compared with matched con-
trols in the non-operative arm (median, 34 vs. 22 
months, 5-year, 36% vs. 18%). In contrast, neoad-
juvant treatment followed by pneumonectomy 
resulted in no benefi t over chemoradiotherapy 
alone (median, 19 vs. 29 months, 5-year, 22% vs. 
24%).

This survival difference between pneumonec-
tomy and lobectomy has been noted in previous 
studies of patients with N2 disease.4,6,7 In one of 
these studies, the survival curves diverged even 
after the fi rst year, suggesting that perioperative 
mortality may not be solely responsible for the 
long-term differences. Regardless of the cause, 
the fi nding raises the question of whether resec-
tion should be offered to a patient with N2 metas-
tasis if a pneumonectomy is required.

8.2. Evidence Quality

The data discussed above come from multiple 
disparate sources of varying quality. The retro-
spective studies on surgery for N2 disease are 
case series and, as such, each receives a score of 
3. The evidence regarding the effectiveness of 
adjuvant therapy is derived from prospective 
randomized, controlled trials and is graded 
between 1− and 1+. Likewise, the induction 
therapy studies also receive grades of 1− to 1+. 
The meta-analysis of these level 1 studies is 
graded as 1++. Because none of these studies 
deals specifi cally with the question at hand, 
data are extrapolated from them and applied 
to the problem. Finally, the Intergroup 0139 
trial data has been released only in abstract 
form, which prevents assigning a formal grade. 
Given the study design and number of patients 
enrolled, it will likely meet criteria for a grade 
of 1+.

8.3. Discussion

Unsuspected N2 nodal metastasis found at the 
time of exploratory thoracotomy for intended 
resection is a problem that arises in approximately 
15% of cases. There have been no phase III trials 
performed specifi cally addressing this clinical 
situation, and the clinical decision to proceed 
versus abort relies on the interpretation of a com-
bination of studies. Although it is diffi cult to 
directly compare the studies investigating neoad-
juvant therapy with those looking at adjuvant 
therapy because of the heterogeneity of the patient 
population, neoadjuvant therapy appears to offer 
a survival benefi t that has not been matched with 
adjuvant treatment. Retrospective studies looking 
at this problem have attempted to identify factors 
that may help predict in which subgroup of 
patients it makes sense to continue with resection. 
Multivariate analyses have shown that tumor size, 
the number of involved nodes, and completeness 
of resection all statistically impact survival. 
However, fully evaluating lymph node status at 
the time of thoracotomy is generally not feasible. 
In addition, these same factors (smaller tumor 
size, number of nodal stations, extent of resec-
tion) are characteristic of the best subgroups in 
the neoadjuvant therapy studies and only streng 
then the argument in favor of stopping the opera-
tion to intervene with chemoradiotherapy before 
returning for formal resection. We now know that 
there are clearly select patients with N2 disease 
who benefi t from surgical resection. However, the 
current evidence suggests that providing this 
group with the best available cancer treatment 
requires preoperative chemoradiotherapy.

Given the oncologic superiority of induction 
therapy followed by subsequent resection, the cli-
nician is then faced with the question of whether 
this approach makes sense for the individual 
patient from a quality-of-life and cost standpoint. 
A meta-analysis of survival data from published 
reports of patients undergoing resection with 
unsuspected N2 disease plus data from neoadju-
vant therapy trials was performed by Ferguson in 
2003.22 Using decision analytic techniques, vari-
ables were weighted using a quality-of-life utility 
scale and costs of various treatment options cal-
culated for a comparison of outcomes with the 
primary end points of median survival, QALY, 
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and cost effectiveness. The results of this analysis 
favored aborting the initial resection to perform 
induction therapy followed by subsequent re-
exploration and resection. As expected, median 
survival was higher in the induction therapy 
group (2.1 years vs. 1.7 years). Interestingly, 
despite prolonging the treatment time with 
induction therapy followed by a second operation 
and recovery, the QALY were greater (1.8 vs. 1.3) 
and the difference in cost per QALY was negligi-
ble. The author suggested that the survival advan-
tage is a refl ection of both the benefi t of induction 
therapy combined with the exclusion of patients 
with more aggressive disease who progressed 
during therapy and did not return for resection. 
Given the importance of the weighted values 
assigned to the decision analysis variables, the 
results must be interpreted carefully. However, 
it is the fi rst paper to quantify outcomes of 
the potential treatment choices in the setting of 
unsuspected N2 disease, and the conclusions are 
logical even if the inputs are subject to debate.

8.4. Recommendations

The accumulated data favor induction therapy 
over postoperative therapy for non-small cell 
lung cancer with N2 nodal involvement. When 
unsuspected N2 nodal disease is encountered 
during planned lung resection, our recommen-
dation is to abort the operation to allow for neo-
adjuvant therapy. Provided the patient exhibits 
either a response to therapy or stable disease, 
subsequent redo thoracotomy and resection 
should be offered provided that the lesion is 
deemed completely resectable. Patients requiring 
pneumonectomy to achieve a complete resection 
should be selected with great care given the 
uncertainty of benefi t in this population.
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9
Induction Therapy for Clinical Stage I 
Lung Cancer
David C. White and Thomas A. D’Amico

those with completely resected early-stage disease, 
great efforts have been focused on the develop-
ment of effective adjuvant therapies.

While many trials have been performed in an 
attempt to demonstrate survival benefi t with che-
motherapy for NSCLC, only in the past decade 
has this been fruitful. Two small trials fi rst dem-
onstrated signifi cant survival benefi t for induc-
tion chemotherapy in stage IIIA NSCLC,6,7 which 
has remained the standard of care.8 In 1995, a 
meta-analysis of 52 randomized clinical trials 
suggested an absolute survival benefi t of approxi-
mately 5% at 5 years with adjuvant chemotherapy 
and surgery compared to surgery alone for 
NSCLC.9 More recently, three prospective, ran-
domized clinical trials demonstrated the benefi t 
of platinum-based adjuvant therapy in the treat-
ment of stage I-IIIA NSCLC following complete 
surgical resection.10–12 Based on the fact that adju-
vant chemotherapy appears to improve survival 
in early-stage NSCLC, and the known occurrence 
of distant metastases in this patient population, 
it seems logical to ask whether induction therapy 
might prove benefi cial in clinical stage I NSCLC, 
as it does for stage IIIA disease.

9.1. Induction Therapy for Non-Small 
Cell Lung Cancer

The potential advantages of induction therapy 
compared to adjuvant therapy are multiple. First, 
several trials of adjuvant chemotherapy have 
been hindered by poor compliance, as patients 
are either not able or not willing to undergo a full 

Non-small cell lung cancer (NSCLC) remains a 
leading cause of death and will cause approxi-
mately 163,500 deaths in the United States in 
2005.1 While patients presenting with localized 
disease have the best chance of being cured, they 
represent a minority of patients and unfortunately 
have a signifi cant likelihood of developing recur-
rent disease after treatment and ultimately dying 
of their disease. The 5-year survival for patients 
presenting with clinical stage I lung cancer ranges 
from 38% to 61%; for those with pathological stage 
IA disease, the survival is 67%.2

Despite advances in staging, including the use 
of high-resolution computed tomography (CT) 
scanning, the advent of positron emission tomog-
raphy (PET) scanning, and more widespread use 
of mediastinoscopy, the clinical staging of lung 
cancer remains inadequate. A recent multicenter 
trial of leading institutions demonstrated that 
only approximately 62% of patients with clinical 
stage I NSCLC retained that stage after full surgi-
cal staging.3 Thus, a signifi cant percentage of 
patients with clinical stage I NSCLC cancer may in 
fact have more advanced disease and could there-
fore potentially benefi t from induction therapy. Of 
patients who are able to undergo complete resec-
tion for stage I NSCLC, approximately one-third 
will develop recurrent disease, and 70% of recur-
rences will be distant metastases.4 In addition, 
retrospective studies have demonstrated that even 
within stage IA there is a worse prognosis with 
larger tumor size, suggesting a potential role for 
additional therapies in even the earliest stages of 
lung cancer.5 Due to the poor overall prognosis for 
NSCLC, and the chance of recurrence even among 
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course of chemotherapy in the postoperative 
period, and this appears to hold true for patients 
with stage I and II NSCLC.13 The compliance rates 
for induction therapy followed by surgery are 
higher6,7 than for surgery followed by adjuvant 
chemotherapy.9–12 In addition, preoperative ther-
apy may have improved effi cacy due to the intact 
vascular supply of the tumor, may aid in resect-
ability by downsizing the primary tumor, and 
may provide a better chance of cure by treating 
micrometastatic disease earlier. Finally, it has 
been suggested that chemotherapy resistance 
may be related to genetic changes within the 
tumor itself, and thus chemotherapy may be 
more effective when given as early as possible 
after the disease is diagnosed, while the tumor 
burden is relatively smaller.14 Potential disadvan-
tages of induction therapy include impaired 
wound healing and increased risk of periopera-
tive infections, such as empyema and broncho-
pleural fi stula, although these potential disadvantages 
have not been demonstrated thus far.15

Several trials have been designed in an attempt 
to assess the risks and benefi ts of induction che-
motherapy for resectable NSCLC, and some of 
these trials have included patients with clinical 
stage I disease. These trials have focused on che-
motherapy, as the use of radiation therapy has 
been limited largely to an adjuvant role for patients 
at high risk of recurrence following resection. 
Trials of induction radiation therapy demon-
strated no survival benefi t in patients with NSCLC.16

9.2. Induction Therapy: Phase II Trials

A small phase II feasibility trial was reported in 
abstract form at the 2001 American Society of 
Clinical Oncology (ASCO) annual meeting. This 
North Central Cancer Treatment Group (NCCTG) 
study enrolled 52 patients for treatment with 
three cycles of preoperative carboplatin and pacl-
itaxel.17 The majority of patients in this trial were 
stage I, with 17% having T1 tumors, 71% having 
T2 tumors, and 12% having T3 tumors. Only 10% 
had nodal involvement, and mediastinoscopy 
was mandated to exclude N2 disease prior to 
enrollment in the trial. Forty-fi ve of the 52 
patients (87%) were able to receive all three cycles 
of preoperative therapy, and complete resection 

was achieved in 36 of 46 patients (78%). Three 
patients died postoperatively, and 2-year survival 
was estimated at 73%. Grade 3 neutropenia 
occurred in 23 patients (44%), while grade 3 
thrombocytopenia occurred in 9 (17%). Other 
complications included diarrhea (1), myalgia (4), 
hyperglycemia (2), vomiting (2), and dysrhyth-
mia (1). The overall response rate to chemother-
apy was 59%. These data appear to support the 
feasibility of induction chemotherapy, although 
the fi nal results have not been published.

Another important trial was conducted by the 
Bimodality Lung Oncology Team between 1996 
and 1998.18 This was a phase II trial designed to 
assess the feasibility of preoperative chemother-
apy consisting of carboplatin and paclitaxel in 
patients with early-stage NSCLC (stages IB–IIIA). 
Patients with stage IA disease were excluded. A 
total of 94 patients were enrolled in this multi-
center trial and treated with two cycles of pre-
operative carboplatin and paclitaxel, followed 
by surgery, and an additional three cycles of 
adjuvant chemotherapy. Mediastinoscopy was 
required in patients with lymph nodes greater 
than 1 cm on chest CT. The primary end points of 
this trial were recurrence, long-term toxicities, 
and survival. Forty-two of the 94 patients (44.7%) 
enrolled were clinical stage IB (T2N0). Impor-
tantly, 90 of the 94 patients (96%) were able to 
receive both preoperative cycles of chemotherapy. 
Fifty-six percent of patients had a major radio-
graphic response to preoperative therapy, while 
34% of patients had stable disease and only 3% 
had progression of disease during preoperative 
chemotherapy. Also, 88 of 94 patients (94%) were 
able to undergo their planned surgery, and R0 
resection was achieved in 81 patients (86%). Inter-
estingly, despite aggressive preoperative staging 
with mediastinoscopy, 36% of patients were found 
to have more extensive disease at the time of 
surgery. Forty-three patients (46%) were not able 
to receive their planned postoperative chemo-
therapy for a variety of reasons, including periop-
erative complications and delayed recovery in 15 
patients, again supporting the concept that pre-
operative chemotherapy is tolerated better than 
postoperative chemotherapy. Only 42 patients 
(45%) received all three planned postoperative 
cycles of chemotherapy. Toxicities in the pre-
operative chemotherapy group included severe 
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hypersensitivity to paclitaxel in three patients, 
severe anemia and thrombocytopenia in one 
patient each, and grade 3 neutropenia in 35% of 
patients. One patient died of a cerebrovascular 
accident after developing severe neutropenia and 
hyponatremia during induction therapy, and two 
deaths occurred in the postsurgical setting. Other 
surgical complications included arrhythmia, wound 
infection, hemorrhage, and respiratory infection.

In summary, this phase II trial demonstrated 
that preoperative chemotherapy is well tolerated 
and feasible prior to resection of early-stage 
NSCLC. It highlights, once again, the need for 
improved preoperative staging to better stratify 
patients. Because of the small number of patients 
and the variable stage presentations, it is impos-
sible to comment specifi cally on the potential 
benefi ts of chemotherapy for stage I disease based 
on this trial. In addition, the omission of stage IA 
patients excludes a signifi cant fraction of patients 
for whom the risks and benefi ts of induction 
therapy are unknown. Other phase II trials have 
evaluated the use of newer chemotherapeutic 
agents for induction regimens, including gem-
citabine, and have found this to be a feasible 
approach as well.19 (See Table 9.1.)

9.3. Phase III Trials

The most convincing data regarding the effi cacy 
of induction chemotherapy in clinical stage I 
NSCLC comes from a randomized phase III trial 

conducted in France from 1991–1997 by the 
French Thoracic Cooperative Group.20 This trial 
enrolled 373 patients with stage I (excluding 
T1N0), II, or IIIA NSCLC and randomized them 
to surgery alone or to induction chemotherapy 
(two cycles of mitomycin, ifosfamide and cispla-
tin given 3 weeks apart) followed by surgery 1 
month later. Although this trial included patients 
with stage II and IIIA disease, 205 of the patients 
were clinical stage I. It should be noted that medi-
astinoscopy was not routinely performed prior to 
surgery, and treatment of the mediastinal lymph 
nodes at the time of surgery was left to the sur-
geon’s discretion, although it was not different 
between groups.

Results of this trial demonstrated a nonsignifi -
cant trend towards improved survival in the 
induction therapy group. Specifi cally, there was a 
numerical absolute survival benefi t of 3.8% at 1 
year, 6.9% at 2 years, 10.4% at 3 years, and 8.6% 
at 4 years. Median survival improved from 26 
months in the surgery arm to 37 months in the 
induction therapy arm, although this difference 
was also not statistically signifi cant. (p = 0.15). 
Interestingly, the numerical survival benefi t in 
the induction arm was limited to those patients 
with stage I or II disease. In addition, there was 
a statistically signifi cant improvement in disease-
free survival in the induction therapy arm. 
Disease-free survival increased from 12.9 months 
in the surgery arm to 26.7 months in the induc-
tion therapy arm, with 3-year disease-free sur-
vival rates of 44% and 33%, respectively.

TABLE 9.1. Major trials of induction therapy for clinical stage I NSCLC.

Reference No. patients Stage Chemotherapy Control Findings Level of evidence

Marks17 (NCCTG) 52 Ib–IIIa Carboplatin, None Preoperative chemotherapy 2b
     paclitaxel × 3    feasible
Pisters18 (BLOT) 94 Ib–IIIa Carboplatin, None Preoperative chemotherapy 2b
     paclitaxel × 2    feasible
     preop, × 3  
     postop
Depierre20 (FTCG) 373 Ib–IIIa Mitomycin, Surgery alone Improved disease-free 2b
     ifosfamide,   survival
     cisplatin × 2
     cycles
Pisters21 (SWOG 9900) 354 Ib–IIIa Carboplatin, Surgery alone Nonsignificant trend towards 2b
     paclitaxel × 3    improved overall and 
       disease-free survival

Abbreviations: BLOT, Bimodality Lung Oncology Team; FTCG, French Thoracic Cooperative Group; NCCTG, North Central Cancer Treatment Group; NSCLC, 
non-small cell lung cancer; SWOG, Southwest Oncology Group.
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However, the use of induction chemotherapy 
did result in a nonsignifi cant increase in the 
number of treatment-related deaths after surgery. 
In addition, there was a nonsignifi cant increase 
in perioperative morbidity in the induction 
therapy arm, including more empyemas and 
bronchopleural fi stulas.

The correlation between clinical and patho-
logical staging in this trial once again demon-
strated the inadequacy of clinical staging. Of 82 
patients with clinical N0 disease, only 47 (57%) 
proved to be pathological N0, while 18 were N1, 
16 were N2, and 1 was N3. Thus, almost half the 
patients who were clinical stage I were upstaged 
at the time of complete surgical staging. Although 
the results of this trial are limited by the use of 
subset analysis, and the lack of a statistically sig-
nifi cant overall survival benefi t, the data is nev-
ertheless intriguing and suggestive of a potential 
benefi t of induction therapy in clinical stage I 
NSCLC.

A second phase III trial, a follow-up to the 
Bimodality Lung Oncology Team phase II study,18 
was recently closed. This trial, S9900, was a mul-
tigroup phase III trial comparing surgery alone 
to preoperative chemotherapy followed by surgery 
for early-stage NSCLC.21 This trial stratifi ed 
patients with early-stage disease, separating 
those with IB/IIA disease from those with IIB/
IIIA disease (excluding superior sulcus tumors), 
and randomizing them to receive three preopera-
tive cycles of chemotherapy with paclitaxel and 
carboplatin followed by surgery, or surgery alone. 
The trial was powered to detect a 33% increase 
over an expected 2.7-year median survival with 
surgery alone. The planned sample size was 600 
patients; however, this study closed to new patient 
entry after positive results from adjuvant chemo-
therapy trials became available.10,12

At the time of closure, 354 patients had been 
accrued. Results were reported in abstract form 
at the American Society of Oncology (ASCO) 
2005 meeting.21 Seventy percent of the patients 
were stage IB/IIA. A major radiographic response 
was observed in 40% of patients, and a nonsig-
nifi cant trend towards improved progression-
free and overall survival was seen in the induction 
therapy group, with a 9-month improvement in 
median progression-free survival and a 5-month 
increase in median overall survival (42 vs. 37 

months) with preoperative chemotherapy (p = 
0.26). Overall 2-year survival was 68% in the 
treatment arm and 64% in the surgery arm (p = 
0.47). There were four perioperative deaths in the 
surgery arm and six in the treatment arm. While 
the study closed early, this trial supports the fea-
sibility of induction therapy, although no conclu-
sions can be drawn regarding survival. The 
investigators concluded that further randomized 
trials are warranted comparing induction therapy 
to adjuvant therapy for early-stage NSCLC.

Several additional trials have been performed 
and are currently being evaluated. One of these 
was a phase III trial comparing surgery alone to 
surgery following preoperative gemcitabine–cis-
platin in patients with stage IB-IIIA NSCLC.22 
Accrual to this trial was stopped early due to pub-
lication of data regarding adjuvant therapy;10–12 
however, early results suggest feasibility with the 
use of this regimen.

9.4. Meta-analysis

The evidence regarding induction therapy for 
early-stage NSCLC has been summarized in a 
meta-analysis presented at the ASCO meeting in 
2005.23 This included clinical trials between 1994 
and 2004 on induction therapy for resectable 
NSCLC. Eight trials were identifi ed, with a total 
of 1965 patients. The overall survival difference 
was statistically signifi cant, with an odds ratio of 
0.68 for induction therapy. However, when the 
highest quality trials were grouped separately, 
this difference was not statistically signifi cant. Of 
importance, this meta-analysis included patients 
with a range of clinical stages, not just stage I 
NSCLC. The authors concluded that additional 
randomized trials are necessary to determine the 
effi cacy of induction therapy for early-stage 
NSCLC.

9.5. Summary

Currently there exists insuffi cient published data 
to formulate an evidence-based recommendation 
regarding the use of induction therapy for clini-
cal stage I NSCLC. The best evidence that sug-
gests a survival benefi t from induction therapy 
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comes from subset analysis of one randomized, 
controlled trial that included patients with a 
range of stages of disease.20 Furthermore, only 
disease-free survival, and not overall survival, 
was signifi cantly improved in the induction 
therapy arm of this trial. Although this is a well-
designed randomized, controlled trial, the evi-
dence for improved survival is no higher than 
level 2b given the inclusion of multiple stages. 
The other randomized, controlled trial that 
was designed to assess the benefi t of induction 
therapy, S9900, closed early due to publication of 
data demonstrating the benefi t of adjuvant 
therapy, and this trial once again failed to dem-
onstrate statistically signifi cant improvements 
in overall survival with induction therapy, albeit 
possibly because of incomplete accrual.21 

Although well-intentioned, this trial is under-
powered and therefore can only be considered 
level 2b evidence for the benefi t of induction 
therapy. The two main cohort studies discussed 
above, while intriguing, provide at best level 2b 
evidence for a benefi t from induction therapy. 
Furthermore, these trials did not evaluate patients 
with T1N0 disease, who make up a large portion 
of patients with clinical stage I disease, and for 
whom there is essentially no data regarding the 
utility of induction therapy. Thus, any benefi t 
from induction therapy in clinical stage I NSCLC 
must be extrapolated from these trials, and there-
fore, a recommendation of grade C is the stron-
gest one that can be made for the use of induction 
therapy in this population. While there is some 
hope of improved survival with induction therapy, 
higher grade evidence-based recommendations 
must await the results of randomized trials 
focused on clinical stage I disease. These trials 
must be designed to compare induction therapy 
followed by surgery with surgery plus adjuvant 
therapy for early-stage lung cancer. The current 
standard of care for patients with early stage (I 
and II) NSCLC is surgery, without induction 
therapy.8 Patients with pathological stage IB-IIIA 
should be considered for adjuvant therapy.10–12
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10
Induction Therapy for Stage IIIA (N2) 
Lung Cancer
Shari L. Meyerson and David H. Harpole, Jr.

10.1. Development of Induction 
Therapy as Common Practice
The standard of care in the early 1980s included 
three options for the treatment of stage IIIA (N2) 
NSCLC: surgery alone, radiation therapy alone, 
or combined surgery and radiation therapy. With 
the new understanding of lung cancer as a sys-
temic disease, several phase III studies compar-
ing radiation alone with chemoradiation were 
published, including a meta-analysis of 14 trials 
involving 2589 patients.3 This meta-analysis 
demonstrated a survival advantage in the com-
bined chemoradiation group, reducing the risk of 
death by 12% at 1 year and 17% at 3 years. The 
most infl uential of the individual trials was the 
Cancer and Leukemia Group B (CALGB) 8433 
trial published in the New England Journal of 
Medicine in 1990.4 One hundred fi fty-fi ve patients 
were randomized to either chemoradiation (cis-
platin and vinblastine followed by 60 Gy radia-
tion) or the same dose of radiation alone. 
Chemoradiation produced an increased response 
rate (56% vs. 43%) as well as statistically signifi -
cant increases in median and long-term survival 
(median survival, 13.7 months vs. 9.6 months; 
long-term survival, 17% vs. 6% at 5 years). 
Encouraging results of adding chemotherapy to 
the local treatment of regionally advanced NSCLC 
led to a proliferation of studies on induction che-
motherapy with or without radiation.

One of the major goals of the International 
Staging System for Lung Cancer, fi rst introduced 
in 1986 and subsequently revised in 1997, was the 
separation of patients into potentially resectable 
and unresectable categories. This dividing line 
was set between stage IIIA and stage IIIB disease 
with contralateral lymph node metastases or 
local involvement of unresectable or marginally 
resectable structures defi ning the limits of surgi-
cal treatment. The advent of modern cancer 
therapy with multimodality approaches includ-
ing surgery, chemotherapy, and radiation therapy 
has raised signifi cant questions that are still not 
completely resolved as to the best approach for 
patients with potentially resectable stage IIIA 
(N2) disease at presentation. These questions 
were initially triggered in the early 1980s by the 
dismal survival, often less than 5% at 5 years, of 
stage IIIA (N2) patients treated with surgery 
alone, surgery plus radiotherapy, or radiotherapy 
alone, which were the common approaches at 
that time.1,2 The recognition that stage IIIA non-
small cell lung cancer (NSCLC) is a systemic 
disease with micrometastases present at the time 
of initial treatment in the vast majority of patients 
has changed the approach to treatment from one 
of local control with surgery and radiation to sys-
temic control with the addition of chemotherapy. 
However, the optimum components, dosing, and 
timing of the treatment plan remain the subject 
of active investigation.
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From the mid-1980s to the mid-1990s, more 
than 30 phase II trials investigating induction 
therapy including over 1000 patients were pub-
lished. Table 10.1 includes a representative sample 
of these studies. The fi rst group investigated the 
effects of induction chemotherapy alone while 
the second group included radiotherapy in the 
regimen. Chemotherapy agents and doses as well 
as radiation doses and timing varied widely in 
these studies, making it somewhat diffi cult to 
draw uniform conclusions. However, these trials 
did identify several important overall concepts. 
First, clinical response to treatment is associated 
with increased resectability, most importantly an 
increased ability to achieve complete resection. 
Second, pathological complete resection leads 
to increased survival. Third, one subgroup of 
resected patients demonstrated improved sur-
vival, namely those with sterilization of medias-
tinal lymph nodes. Fourth, preoperative therapy 
shifts the pattern of recurrence from both local 
and distant disease to mostly distant disease.

These phase II studies paved the way for a 
series of small phase III studies that largely 
defi ned care for stage IIIA patients over the next 
decade. The fi rst, published in 1992, came from 
the National Cancer Institute.13 Twenty-seven 
patients with histologically confi rmed stage IIIA 
(N2) NSCLC were prospectively randomized 
to either preoperative chemotherapy followed 
by surgery and postoperative chemotherapy or 
initial surgery followed by mediastinal radiation. 
Response to induction therapy was seen in 62% 
of the chemotherapy patients. Complete resec-
tion was able to be performed in 85% of patients 

in each group. Results showed a trend towards 
increased disease-free survival (13 months vs. 6 
months) and overall survival (29 months vs. 16 
months) favoring the chemotherapy group; due 
to small sample size and limited follow-up, this 
did not reach statistical signifi cance.

Two other prospective, randomized trials of 
induction therapy were both originally published 
in 1994. The fi rst, from Barcelona, Spain, ran-
domized 60 patients to either preoperative 
chemotherapy followed by surgery followed by 
mediastinal irradiation or initial surgery followed 
by mediastinal irradiation.14 The response rate 
was 60% in the chemotherapy group. This study 
was stopped early when interim analysis identi-
fi ed a signifi cant survival advantage for those 
patients receiving induction therapy. The median 
disease-free survival in the chemotherapy group 
was 20 months compared to 5 months in the 
surgery-alone group. Similarly, the overall sur-
vival was 26 months in the chemotherapy group 
compared to 8 months in the surgery-alone group. 
Updated results of this study were published in 
1999 showing persistence of the survival advan-
tage, with chemotherapy patients achieving 3- and 
5-year survival rates of 20% and 17%, respectively, 
while in the primary surgical group only 5% sur-
vived 3 years and there were no 5-year survivors.1

The second study published in 1994 came from 
the MD Anderson Cancer Center in Texas.15 
Similar to the Barcelona study, 60 patients were 
randomized to receive induction chemotherapy 
plus surgery or surgery alone. Postoperative radi-
ation therapy was performed as well in greater 
than 50% of patients in both arms of the study. 

TABLE 10.1. Phase II trials of induction therapy for stage IIIA (N2) NSCLC.

Institution Patients Regimen Resectability Median survival Long-term survival

Induction chemotherapy only
DFCI, Boston5  34 Cisplatin, 5-FU, leucovorin 62 18 18% (4 years)
CALGB 89356  74 Cisplatin, vinblastine 62 15 23% (3 years)
MSK, NY7 136 Cisplatin, mitomycin, vindesine 65 19 17% (5 years)
Toronto8  39 Cisplatin, mitomycin, vindesine 56 19 26% (3 years)

Induction chemotherapy and radiation therapy
CALGB 86349  41 Cisplatin, vinblastine, 5-FU 61 16 22% (9 years)
LCSG10  85 Cisplatin, 5-FU 52 13 20% (3 years)
Rush, Chicago11  85 Cisplatin, 5-FU, +/− etoposide 70 36 40% (3 years)

Abbreviations: CALGB, Cancer and Leukemia Group B; DFCI, Dana Farber Cancer Institute; LCSG, Lung Cancer Study Group; MSK, Memorial Sloan-
Kettering; SWOG, Southwest Oncology Group.
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The induction therapy group had an estimated 
median survival of 64 months compared to 11 
months in the surgery-alone group. An update of 
this study was published in 1998 demonstrating 
persistence of the survival benefi t for induction 
therapy patients.16 Median survival in the induc-
tion therapy group was 21 months compared to 14 
months in the surgery-alone group. Three- and 
5-year survival also signifi cantly favored the 
induction therapy group (43% and 36% vs. 19% 
and 15%). Several criticisms of these trials have 
been advanced, including small sample sizes and 
early termination. Issues also have been raised 
that are specifi c to the Barcelona study: poorer 
than expected survival for the primary surgical 
arm, and possible imbalance in the two arms in 
terms of biochemical markers of disease virulence.

A decade later two additional trials challenged 
these conclusions. A French trial led by Depierre 
randomized 345 patients with stage IB-IIIA 
NSCLC to either primary surgery or chemother-
apy before and after surgery.17 Radiation therapy 
was given to all patients with either T3 or N2 
disease. The trial demonstrated a trend towards 
improved survival in the chemotherapy arm (37 
months vs. 26 months). However, subset analysis 
demonstrated improved survival in stage I and II 
but not stage IIIA patients. A second trial, JCOG 
9209 from Japan, randomized 62 patients to 
receive induction chemotherapy followed by 
surgery or surgery alone.18 Median and overall 
survival were not different between the two 
groups. This trial was, however, terminated early 
due to slow accrual that lowered its statistical 
power and could have affected the conclusions.

10.2. Risks of Surgery after 
Induction Therapy

As more reports of phase II and phase III trials of 
induction therapy appeared in the early 1990s, 
there was a simultaneous growth in reports of 
increased morbidity and mortality related to 
surgery after induction therapy. In 1993, the 
group from the Fox Chase Cancer Center in Phila-
delphia published a case series of 13 patients 
undergoing resection after combined chemother-
apy and high-dose radiotherapy (60 Gy).19 Of the 
six patients in whom lobectomy was performed, 

there were no deaths and only one patient devel-
oped a culture-negative adult respiratory distress 
syndrome picture (ARDS). Of the seven patients 
undergoing pneumonectomy, fi ve developed 
ARDS with two deaths and there was one addi-
tional death from bronchopleural fi stula for a 
total mortality rate of 43%. Several other studies 
have also shown a high incidence of postoperative 
ARDS and bronchopleural fi stula when pneumo-
nectomy is required after induction therapy.20,21

More recently, with recognition of the poten-
tial problems specifi c to induction therapy, out-
comes have improved, especially for patients 
requiring pneumonectomy.22,23 Anesthesia tech-
niques, such as careful attention to limiting baro-
trauma to the contralateral lung and limiting 
total fl uid administration, as well as surgical tech-
niques with routine use of muscle fl aps to protect 
exposed bronchial stumps, have combined to 
decrease the incidence of high mortality compli-
cations such as ARDS and bronchopleural fi stula.

10.3. Role of Surgery for Stage 
IIIA (N2) Non-Small Cell Lung Cancer

One conclusion that has become resoundingly 
clear from the past two decades of research is that 
response to induction therapy, specifi cally steril-
ization of mediastinal lymph nodes, is highly 
predictive of improved survival. A study from the 
Dana Farber Cancer Institute specifi cally investi-
gated the impact of nodal stage after induction 
therapy on survival.24 They showed that patients 
downstaged to N0 at the time of resection had a 
median survival of 21 months and a 5-year sur-
vival of 36%. This was signifi cantly better than 
patients with residual N1 or N2 disease, for whom 
median survival was 16 months with only 9% 5-
year survival. Interestingly, there was no differ-
ence between residual N1 and N2 disease in terms 
of survival. A second report from Switzerland 
studied a similar group of patients treated with 
induction therapy.25 They concluded that the two 
most important factors for survival were the 
ability to achieve pathological complete resection 
and nodal downstaging. The Swiss group did 
report a benefi t in patients downstaged to N1 that 
was intermediate between those with mediasti-
nal clearance and residual N2 disease. These 
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studies, as well as many others, have led many 
surgeons and oncologists to recommend resec-
tion only for patients with nodal downstaging 
after induction therapy.

The overwhelming importance of response to 
induction therapy leads to questions as to whether 
surgery itself adds to survival in patients respond-
ing to induction therapy. This is an important 
question given the potential added diffi culty, 
morbidity, and mortality of resection after induc-
tion therapy. The North American Intergroup 
trial INT 0139 was designed to answer this ques-
tion.26 This trial enrolled 396 patients with stage 
IIIA (N2) NSCLC. Patients were initially random-
ized to either a surgical or nonsurgical arm. All 
patients received induction chemoradiotherapy 
with two cycles of cisplatin and etoposide concur-
rently with radiotherapy of 45 Gy. All patients 
were then restaged to evaluate response. Patients 
in the surgical arm without evidence of disease 
progression then underwent resection followed 
by two more cycles of chemotherapy. In the non-
surgical arm, radiation was continued without a 
treatment break to 61 Gy followed by the same two 
cycles of chemotherapy as the surgical arm. Ster-
ilization of mediastinal nodes occurred in 46% of 
surgical patients with a 3-year overall survival of 
53% in that subgroup. Progression-free survival 
signifi cantly favored the surgical arm (median, 13 
months vs. 10 months; 5-year survival, 22% vs. 
11%). However, overall survival showed only a 
trend towards better outcomes in the surgical 
group. Overall survival did begin to separate in 
the latter part of the curve and may become sig-
nifi cant over time. One reason for these results 
may be the higher percentage of treatment-related 
deaths in the surgical arm. Thirty-day mortality 
in surgical patients was 7.9%; the vast majority of 
these deaths were in patients undergoing postin-
duction pneumonectomy (14 of 16 deaths). Sub-
group analysis was performed to investigate the 
effect of resection type on survival. Case-matched 
non–surgical arm patients were identifi ed for the 
pneumonectomy and lobectomy patients. The 
analysis demonstrated a signifi cant improved 
overall and disease-free survival for patients who 
underwent lobectomy, but the opposite was true 
if a pneumonectomy was required. These data 
suggested that induction chemotherapy plus 
lobectomy was the recommended treatment for 

patients with stage IIIA (N2) NSCLC, but patients 
who had larger tumors which may require a pneu-
monectomy should be treated with defi nitive 
chemoradiotherapy.

10.4. Optimal Induction Therapy 
for Stage IIIA (N2) Non-Small 
Cell Lung Cancer

Although together the three phase III studies 
comparing induction therapy with surgery alone 
only included 147 patients, the highly publicized 
benefi cial results of chemotherapy led to a shift 
in the way stage IIIA NSCLC is treated. Induction 
therapy for stage IIIA (N2) NSCLC patients has 
become the standard approach, with most oncol-
ogists employing preoperative chemotherapy 
with or without the addition of radiotherapy. The 
optimal choice of chemotherapy regimen is less 
clear given the wide variety of regimens utilized 
in both the phase II and phase III trials. Many 
oncologists also include preoperative radiother-
apy despite the fact that radiation use in all of the 
phase II and phase III trials was highly variable 
and has never been systematically evaluated.

The Radiation Therapy and Oncology Group 
(RTOG) and Southwest Oncology Group (SWOG) 
are sponsoring an ongoing trial (RTOG 0412/
SWOG S0332) that opened to accrual in April 
2005. The goal of this trial is to specifi cally inves-
tigate radiation as part of an induction therapy 
regimen for stage IIIA (N2) NSCLC. Five hundred 
seventy-four patients will be randomized to one 
of two arms. The fi rst arm will receive induction 
therapy with cisplatin/docetaxel. The second arm 
will receive the same chemotherapy with the 
addition of radiation to 50 Gy. All patients without 
disease progression will then undergo resection 
followed by consolidation chemotherapy. Hope-
fully this trial will clarify the role of induction 
radiation therapy.

10.5. Summary of Current Evidence 
for Induction Therapy

The role of induction therapy for stage IIIA 
(N2) NSCLC has yet to be completely defi ned. 
Three generally concordant small randomized, 
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controlled trials provide the evidentiary basis for 
the current generalized practice of induction 
therapy in some form for all patients with stage 
IIIA (N2) NSCLC thought to be resection candi-
dates (recommendation grade A). Some evidence 
exists that patients who will still require pneu-
monectomy after induction therapy may be better 
served by defi nitive chemoradiotherapy (recom-
mendation grade B). Evidence for what should 
constitute induction therapy is much less robust. 
There have been no systematic studies of what 
chemotherapeutic agents produce the best out-
comes when used in induction therapy, and agent 
choice in any individual trial generally represents 
investigator and institutional bias as to preferred 
agents. The only overall theme in the majority of 
phase II and III is the inclusion of a platinum 
agent in the proscribed therapy, which is based 
on historical studies of agents with activity 
against NSCLC (recommendation grade C). As 
newer, potentially less toxic agents are developed, 
these should be studied systematically in com-
parison to current regimens using large multi-
institutional trials. Specifi c evidence for inclusion 
of radiation therapy in induction regimens is 
sparse, mostly based on the historical use of radi-
ation as a primary mode of treatment for locally 
advanced lung cancer (recommendation grade 
D). However, an ongoing well-designed, random-
ized, controlled trial (RTOG 0412/SWOG S0332) 

seeks to provide defi nitive evidence as to the 
importance of radiation. If radiation appears to 
be an important part of induction therapy, further 
studies will be needed to defi ne dose and timing. 
If radiation does not contribute signifi cantly to 
outcomes, perhaps induction with chemotherapy 
alone can be used as a strategy to reduce toxicity 
and allow more patients to undergo resection 
with decreased morbidity and mortality.
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Adjuvant Postoperative Therapy for 
Completely Resected Stage I Lung Cancer
Thomas A. D’Amato and Rodney J. Landreneau

include mostly data from radiation therapy and 
chemotherapy trials. From a historical perspec-
tive, postoperative therapy for more advanced 
disease served as the background for contempo-
rary clinical trials from which an evidence-based 
approach for adjuvant therapy in resected stage I 
NSCLC is formulated. Some laboratory data and 
observational clinical reports described in this 
chapter have not been validated by randomized 
trials, yet these studies may be helpful to stratify 
patients at high risk for recurrence and identify 
patients who may be resistant to adjuvant chemo-
therapy. These reports are included in this chapter 
to support evidence-based individualized patient 
treatment plans. Such laboratory and clinical 
fi ndings may ultimately create a bridge towards 
the development of targeted therapeutics.

11.1. Adjuvant Radiation Therapy

For more than 20 years, postoperative radiation 
therapy was recommended to provide local 
control for residual disease following presumed 
RO resection and particularly for occult medias-
tinal disease.4–8 An analysis performed by the 
Post-Operative Radiation Therapy (PORT) Meta-
analysis Trialist Group9 reviewed nine random-
ized clinical trials that included 2128 patients, 
562 of which were stage I. A signifi cant adverse 
effect of adjuvant radiation therapy on survival 
{hazard ratio 1.21 [95% confi dence interval 
(CI), 1.08–1.34]} corresponded to a 21% relative 
increase in the risk of death equivalent to an 
absolute decrement of 7% at 2 years, reducing 

Surgical resection is the standard of care for 
early-stage non-small cell lung cancer (NSCLC). 
A signifi cant body of evidence from population-
based observational studies shows that surgery 
offers patients the highest cure rate. Neverthe-
less, following lobectomy or pneumonectomy 
and mediastinal lymph node staging as standard 
therapy, only a 67% 5-year survival for stage 
IA (T1N0) and a 57% 5-year survival for stage 
IB (T2N0) is expected,1,2 with most patients 
succumbing to metastatic disease. A subset of 
patients exists with clinical stage I disease and 
limited cardiopulmonary reserve where a sublo-
bar resection is required and is associated with 
an increased frequency of local recurrence com-
pared to lobectomy or pneumonectomy.3 Tradi-
tionally, efforts to improve survival and decrease 
local recurrence following lung resection for 
NSCLC have consisted of adjuvant chemotherapy 
and radiation therapy alone or in combination.

To date, most randomized adjuvant therapy 
clinical trials for resected NSCLC have enrolled 
patients following complete surgical resection, 
yet the results were inconsistent. Heterogeneous 
patient populations, particularly with regard 
to stage and treatment modality, underpowered 
study design, and treatment-related toxicity, 
likely contributed to mixed results. Nevertheless, 
these early clinical trials did provide some evi-
dence to support the use of postoperative therapy 
in selected patients with early-stage disease, and 
are the basis for more recently reported adjuvant 
trials.

This chapter will focus on adjuvant therapies 
following resection of early-stage NSCLC that 
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overall survival from 55% to 48%. Subgroup 
analyses suggest that this adverse effect was 
greatest for patients with stage I-II, and N0-N1 
disease (evidence level 1a). Controversy regard-
ing the use of older 90Co regimens in six of these 
studies prompted another meta-analysis that 
segregated 90Co radiation delivery with linear 
accelerators (LINACs),10 including three addi-
tional randomized trials11–13 employing modern 
LINACs (evidence level 1b). Cobalt radiotherapy 
revealed no survival benefi t [hazard ratio 1.22 
(95% CI, 1.09–1.35)], whereas treatment with 
LINACs was associated with a marginal survival 
benefi t in NSCLC patients receiving adjuvant 
radiation therapy [hazard ratio 0.86 (95% CI, 
0.73–1.01)]. This latter meta-analysis13 included 
one study restricted to patients with stage I 
disease (evidence level 1a).

Local recurrence in stage I NSCLC is noted in 
19% of patients following sublobar resection, 
compared to 9% of patients following lobectomy.14 
In patients with impaired cardiopulmonary func-
tion in whom sublobar resection is required, local 
recurrence is reduced by applying “postage 
stamp” radiation therapy15 to resection margins 
(evidence level 3). Diffi culties with dose planning 
following resection, adjacent pulmonary toxicity 
from large treatment volumes, and patient com-
pliance may compromise the suitability of post-
operative radiotherapy for these patients,16,17 
(evidence level 2b).

Intraoperative brachytherapy with implanta-
tion of 125I radiolabled beads, initially advocated 
for stage III disease,18 was used on a small cohort 
of patients following video-assisted thoraco-
scopic wedge resection performed on stage I 
patients with poor pulmonary function.19 This 
feasibility study was followed by a more compre-
hensive retrospective multicenter study of 291 
patients in which sublobar resection was per-
formed on 124 patients, 60 of whom had 125I 
brachytherapy applied to resection margins with 
a prescribed dose of 10 to 12 Gy and a depth of 
0.5 cm. Median follow-up was 34 months. Treat-
ment with sublobar resection plus intraoperative 
brachytherapy20 decreased the local recurrence 
rate signifi cantly from 17% to 3%, compared to 
patients who only underwent sublobar resection 
[evidence level 3]. These fi ndings subsequently 
prompted the recent development of a random-

ized phase III clinical trial, currently in the 
accrual phase, by the American College of Sur-
geons Oncology Group, ACOSOG Z4032, which 
will compare sublobar resection with brachy-
therapy to sublobar resection alone.21

There is little evidence supporting the use of 
postoperative external beam radiation therapy 
following lobectomy or pneumonectomy for 
resected stage I NSCLC (level of evidence 1a-1b; 
recommendation grade A). Postoperative exter-
nal beam radiation therapy applied to resection 
margins following sublobar resection may 
decrease local recurrence rates (level of evidence 
2b-3; recommendation grade B), but it is diffi cult 
to control the prescribed dose to the target volume 
and it may result in pulmonary toxicity. Intraop-
erative brachytherapy with implanted 125I seeds 
may be a useful adjuvant radiation therapy 
modality to reduce the rate of local recurrence 
and attenuate adjacent lung injury following sub-
lobar resection of early stage NSCLC that may 
benefi t patients with impaired cardiopulmonary 
reserve (level of evidence 3; recommendation 
grade B).

There is little evidence supporting the use of 
postoperative external beam radiation therapy 
following lobectomy or pneumonectomy for 
stage I NSCLC (level of evidence 1a to 1b; rec-
ommendation grade A).

Postoperative external beam radiation 
therapy applied to resection margins follow-
ing sublobar resection may decrease local 
recurrence rates (level of evidence 2b to 3; rec-
ommendation grade B).

Intraoperative brachytherapy may be a 
useful adjunct to reduce the rate of local recur-
rence following sublobar resection of early 
stage NSCLC in patients with impaired cardio-
pulmonary reserve (level of evidence 3; rec-
ommendation grade B).

11.2. Adjuvant Chemotherapy

11.2.1. Platinum-Based Adjuvant Trials

Until recently, enthusiasm for adjuvant postop-
erative chemotherapy for early-stage NSCLC had 
diminished. Historically, studies performed over 
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30 years ago had mixed results and were under-
powered. Patient populations were heterogeneous 
and perhaps ineffective agents were used. In 1995, 
a meta-analysis22 by the Non-Small Cell Lung 
Cancer Collaborative Group (NSCLCCG) sug-
gested that cisplatin-based chemotherapy without 
radiation improved the 5-year overall survival 
rate by 5% and reduced the risk of death by 13% 
as compared with no adjuvant therapy (level of 
evidence 1a). Interestingly, six cisplatin-based 
trials plus radiation therapy included in the 
meta-analysis showed a 6% lower risk of death 
[hazard ratio 0.94 (95% CI, 0.79–1.11); level of 
evidence 1b]. The results of the meta-analysis 
prompted several modern studies using plati-
num-based agents. The following interim ran-
domized clinical trials kindled the debate over 
the effi cacy of adjuvant chemotherapy for resected 
NSCLC.

The Italian IB Trial23 enrolled 66 patients and 
compared postoperative cisplatin and etoposide 
to observation alone. Radiation therapy was not 
allowed. Seventy-fi ve percent of patients received 
all six doses of cisplatin and etoposide in the che-
motherapy arm. An 18% increase in overall sur-
vival was observed (p = 0.04), but the median 
survival in the chemotherapy arm was not 
reached. Disease-free survival was 77 months 
with chemotherapy and 22 months in the control 
group (p = 0.02; level of evidence 1b).

The North American Intergroup (INT 0115) 
trial comparing adjuvant cisplatin plus etoposide 
and radiation versus adjuvant radiation therapy 
alone in stage II and IIIA NSCLC24 showed no 
benefi t from adjuvant chemotherapy (level of evi-
dence 1b).

The Adjuvant Lung Project Italy (ALPI) 
included 1209 stage I, II, or IIIA NSCLC patients, 
including 39% with stage I disease. Patients were 
treated with cisplatin, mitomycin, and vindesine. 
No statistically signifi cant survival benefi t was 
noted.25 Toxicity from this adjuvant chemother-
apy regimen likely contributed to the lack of 
benefi t (level of evidence 1b).

Despite these negative results, and prompted 
in part by the results of the NSCLCCG meta-
analysis,22 the interest in adjuvant chemotherapy 
for resected NSCLC persisted and stimulated four 
prospective randomized clinical trials,26–29 all of 
which included stage I patients.

The International Adjuvant Lung Cancer Trial 
(IALT) Collaborative Group evaluated cisplatin-
based therapy in 1867 randomized stage IA-IIIA 
patients.26 All but 22 had anatomical resections, 
183 (10%) patients were stage IA and 498 (27%) 
were stage IB. All patients received a cisplatin 
doublet with either etoposide (57%), or a vinca 
alkaloid (43%) as a second agent. Radiation 
therapy with an average dose of 50 Gy was admin-
istered to 70% of the patients. An absolute 4% 
increase in overall survival was noted at 5 years 
(p < 0.003). Hazard ratios for stage-specifi c 
survival favoring adjuvant chemotherapy versus 
observation were signifi cant only in patients with 
stage III disease (level of evidence 1b).

The Cancer and Leukemia Group B (CALGB) 
9633 trial compared observation alone to adju-
vant therapy with carboplatin plus paclitaxel in 
344 randomized stage IB (T2N0) patients.27 No 
patients received radiation therapy. At 4 years, a 
12% increase in overall survival (p < 0.028) was 
observed with a median follow-up of 34 months. 
This is the only randomized adjuvant chemo-
therapy trial to demonstrate a survival advantage 
for patients with completely resected stage IB 
disease (level of evidence 1b).

The National Cancer Institute of Canada Clini-
cal Trial Group JBR.10 trial limited enrollment to 
completely resected stage IB and II patients.28 
This study further confounded the role of adju-
vant chemotherapy in resected NSCLC. Patients 
in the chemotherapy arm received cisplatin and 
vinorelbine. Of 482 patients randomized, 219 
(45%) were stage IB. All patients were stratifi ed 
based on ras mutation and nodal status. Radia-
tion therapy was not permitted. Although an 
improvement in overall survival of 15% (p < 
0.012) was observed in the adjuvant therapy 
group, upon further stratifi cation, only patients 
with stage II disease had a statistically signifi cant 
survival advantage (level of evidence 1b).

Results from the Adjuvant Navelbine Interna-
tional Trialist Association (ANITA) trial sup-
ported the fi ndings of JBR.10 for stage IB NSCLC.29 
Cisplatin plus navelbline (vinorelbine) was used, 
similar to JBR.10. Randomization of 840 stage 
IB-IIIA patients included 301 (35%) with stage IB 
(T2N0) disease. Radiation therapy was permit-
ted. Median follow-up was more than 70 months. 
Although chemotherapy signifi cantly improved 
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survival in patients with resected stage II and 
IIIA disease, no benefi t was observed in stage IB 
patients (level of evidence 1b).

11.2.2. Uracil/Tegafur (UFT) 
Adjuvant Trials

Oral adjuvant therapy with uracil/tegafur has 
been studied only in Japan and results have not 
been confi rmed by trails from other countries. 
Uracil/tegafur is not available in the United States 
and North American trials are lacking. The 
NSCLCCG included UFT in their 1995 meta-anal-
ysis22 and although an absolute survival benefi t 
of 4% was noted, it was not statically signifi cant 
[hazard ratio 0.89 (95% CI, 0.72–1.11); p = 0.30; 
level of evidence 1a]. The largest trial utilizing 
adjuvant UFT for completely resected stage I 
NSCLC enrolled 979 patients with adenocarci-
noma histology only and was stratifi ed by tumor 
stage (T1 vs. T2), age, and sex.30 A 3% improve-
ment in overall 5-year survival (p = 0.047) was 
noted, particularly for stage IB disease, but 
disease-free survival was unaffected (level of evi-
dence 1b).

Subsequently, a meta-analysis of individual 
patient data for 2003 patients from six studies 
including 1308 (T1N0) and 674 (T2N0) patients 
evaluated survival in patients receiving UFT plus 
surgery versus surgery alone.31 Oral UFT signifi -
cantly improved overall survival at 7 years by 7% 

[hazard ratio 0.74 (95% CI, 0.61–0.88); p = 0.001; 
level of evidence 1a].

11.2.3. Chemotherapy Related Toxicity and 
Compliance with Planned Therapy

All anti-neoplastic drugs exhibit toxicity that 
often limits dosing or delays planned therapy in 
multicycle regimens. Toxicity data from the four 
most recently reported clinical trials described 
above are summarized in Table 11.1. In the IALT 
trial, 26% of the patients had incomplete treat-
ment and more than half of the patients in these 
groups sustained adverse effects.26 Lethal toxicity 
from platinum was not dose dependent and 
ranged from 0.6% to 2.4%.

Evaluation of the compliance with therapy for 
CALBG 9633 revealed that information on che-
motherapy delivery was available on only 124/173 
(72%), and even though 85% of these patients 
received four doses, 35% of this group required 
dose reductions and only 55% received four cycles 
at full dose.27 Adverse event data were available 
for 149/173 (86%) of patients in the chemotherapy 
arm.

Vinorelbine dosing was reduced in the JBR.10 
trial due the high rate of febrile neutropenia, and 
19% of patients were hospitalized due to chemo-
therapy-related toxicity. Only 48% of patients 
completed four planned cycles of cisplatin-based 
therapy.28

TABLE 11.1. Stage response and toxicity in adjuvant chemotherapy trials for NSCLC.

  Stage Patients completing  Stage Chemotherapy-related Grade
Adjuvant trial  Regimen planned included therapy (%) response deaths 3 or 4 toxicity (%)

IALT Cisplatin + VP-16 I, II, III 628/851 (74) IIIA 7 23a

   or vinca alkaloid
CALBG 9633 Carboplatin + IB  68/124 (55) IB 0 36b

  paclitaxel
JBR-10 Cisplatin + IB, II 110/242 (48) c,d II 2 73
  vinorelbine
ANITAf Cisplatin + IB, II, IIIA 368/407 (90)e II, IIIA 5 86
  vinorelbine

aOnly grade 4 toxicity reported.
bToxicity data available for 149/173 (86%) of patients randomized, but data were available in only 124/173 (72%) of patients who received chemo-
therapy and only 55% received full dose.
cDose reduction was required for 77%.
dSixty-five percent completed three cycles.
ePercentage of patients receiving chemotherapy following randomization only 56% completed vinorelbine therapy, 76% completed cisplatin 
therapy.
fThirty-nine percent received chemotherapy at relapse.
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Only 56% of the planned doses for navelbine 
and 76% for cisplatin were given in the ANITA 
trial.29 Grade 3 or 4 neutropenia occurred with 
70% of doses prescribed in 80% of the patients 
receiving chemotherapy.

Based on these modern platinum-based adju-
vant chemotherapy trials, patients with early-
stage disease and good performance status, 
adjuvant chemotherapy for completely resected 
stage IB, IIA, IIB, and IIIA NSCLC became an 
accepted standard of care31 even though only one 
clinical trial (CALGB 9633) showed improvement 
in stage IB disease27 (level of evidence 1b). Yet in 
all adjuvant chemotherapy trials, anti-neoplastic 
regimens exhibited predictable toxicity. Although 
survival advantages were noted, the majority of 
patients treated did not benefi t from adjuvant 
chemotherapy (level of evidence 1b).

There is evidence from only one randomized, 
controlled trial that patients with stage IB disease 
may benefi t from postoperative platinum-based 
chemotherapy (level of evidence 1b; recommen-
dation grade A). Chemotherapy toxicity, perfor-
mance status, and patient preferences should be 
considered when recommending postoperative 
chemotherapy. There is some evidence to support 
the use of adjuvant UFT chemotherapy (where 
available) in selected patients with completely 
resected stage IA and IB NSCLC having adeno-
carcinoma histology (level of evidence 1b; recom-
mendation grade A). Following sublobar resection, 
selected patients with early-stage disease and 
good performance status may benefi t from adju-
vant chemotherapy (stage IB), and intra-
operative brachytherapy (stage IA, IB; level of 
evidence 1b-3; recommendation grade B). There 
is inconclusive evidence to support combined 
chemotherapy and external beam radiation 
therapy for stage I disease completely resected by 
lobectomy or pneumonectomy (level of evidence 
1a; recommendation grade B).

11.3. Laboratory Testing and 
Pharmacogenomics

11.3.1. In Vitro Drug Resistance 
Testing Assays

Tumor resistance to chemotherapy is multifacto-
rial. Failure of clinical responsiveness may be 
related not only to an anti-neoplastic agent’s 
ineffectiveness, but also to anatomical barriers, 
tumor vascularity, and to host factors of absorp-
tion, metabolism, and excretion. Drug-resistant 
assays obviate host factors and evaluate the in 
vitro tumor response to chemotherapy only.

In modern drug-resistant assays, human-tumor 
cell cultures are exposed to suprapharmacological 
doses of chemotherapeutic agents at concentra-
tions several-fold higher than expected peak serum 
levels achieved in patients. Cellular proliferation is 
measured by 3H-thymidine incorporation into 
DNA and compared to positive (lethal dose chemo-
therapy) and negative (media only) controls. 
Tumors are characterized as having either extreme, 
intermediate, or low resistance-based tumor cel-
lular proliferation compared with controls and the 
entire population of tumors tested.

If a patient’s tumor is resistant in vitro, then 
the probability of a clinical response is unlikely. 
In an analysis of 450 patient tumors of varied 
histology, only one of 127 patients with tumors 
showing extreme resistance [an assay result ≥1 
standard deviation (SD) below the median] had a 
clinical response to chemotherapy.32

In NSCLC, only two of 20 patients’ tumors 
exhibiting in vitro intermediate or extreme drug 
resistance had a clinical response to chemother-

Following sublobar resection, patients with 
early-stage disease and good performance 
status may benefi t from adjuvant chemother-
apy (stage IB), and intra-operative brachy-
therapy (stages IA, IB) (level of evidence 1b to 
3; recommendation grade B).

There is insuffi cient evidence to support 
combined chemotherapy and external beam 
radiation therapy for stage I disease com-
pletely resected by lobectomy or pneumonec-
tomy (level of evidence 1a; recommendation 
grade B).

Patients with stage IB disease may benefi t 
from postoperative platinum-based chemo-
therapy (level of evidence 1b; recommendation 
grade A).

Adjuvant UFT chemotherapy may benefi t 
patients with completely resected stage IA and 
IB NSCLC having adenocarcinoma histology 
(level of evidence 1b; recommendation grade A).
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apy. Subset analysis comparing all tumor types 
expected to be sensitive and those expected to be 
resistant revealed that the proliferation assays 
ability to identify extreme drug resistance and to 
predict treatment failure (negative post-test prob-
ability of response), was independent of the 
expected (pretest) probability of response with a 
greater than 99% specifi city (level of evidence 
2a). Subsequent clinical application of the in vitro 
extreme drug resistance assay was correlative 
with clinical unresponsiveness to chemotherapy 
in breast,33 ovarian34,35 (level of evidence 2b), and 
brain36 tumors (level of evidence 1b).

The prevalence of in vitro extreme chemother-
apy resistance in 3042 resected NSCLC tumors 
was reported recently (level of evidence 3). For 
chemotherapeutic agents used as fi rst-line therapy 
in the most recent adjuvant chemotherapy clini-
cal trials, extreme or intermediate drug resis-
tance of human NSCLC tumor cultures exposed 
to carboplatin was found in 1056/1565 (68%), to 
cisplatin in 1409/2227 (63%), to etoposide in 
1581/2505 (63%), to navelbine in 603/1444 (42%), 
and to paclitaxel in 689/1706 (40%). Intermediate 
or extreme resistance to gemcitabine, an agent 
often administered as fi rst-line therapy but not 
included in recent platinum-based adjuvant ther-
apies, occurred in 594/823 (72%) and to doxoru-
bicin, a drug essentially abandoned because of 
toxicity, occurred in 1101/1471 (75%) of tumors 
evaluated. Taxotere (docitaxel) extreme and 
intermediate resistance was noted in 273/521 
(51%) of tumor cultures. Topotecan extreme or 
intermediate resistance occurred in 280/896 
(31%) of tumors tested; yet, this agent is not con-
sidered a fi rst-line therapy for resected NSCLC.37

Non-small cell lung cancer tumor culture in 
vitro resistance to anti-neoplastic agents is con-
sistent with the marginal increased survival 
benefi t (4% to 15%) in patients prescribed from 
adjuvant chemotherapy for completely resected 
NSCLC noted in recent studies.26–30

Chemoresistance testing for resected NSCLC 
may be applied clinically to “de-select” poten-
tially ineffective agents thereby avoiding unnec-
essary toxicity and may encourage use of 
alternative targeted therapies. Clinical validation 
of in vitro chemotherapy resistance with respect 
to patient survival by randomized prospective 
trials is lacking and currently under development 
(level of evidence 4).

11.3.2. Prognostic Markers and 
Biological Staging

Following complete resection of stage I NSCLC, 
over one third of patients will develop metastatic 
cancer within 5 years and ultimately die follow-
ing a “curative” resection. Adjuvant chemother-
apy may only improve survival between 4% and 
15%, such that the majority of patients endure 
unnecessary toxicity without a survival benefi t. 
A priori, anatomical pathological staging is 
fallible.

Identifi cation of patients at high risk for recur-
rence, those who are unlikely to respond to spe-
cifi c chemotherapeutic agents, and determining 
which patients may benefi t from targeted thera-
peutics is the rationale for measuring specifi c 
biochemical markers.

Several molecular markers,38–46 including 
growth factor receptors such as vascular endo-
thelial growth factor (VEGF),38,39 hepatocyte 
growth factor,41 hormone receptors, CEA and 
cytokeratin isoforms,42 metabolic enzymes,45 
proto-oncogenes, and suppressor genes48 may 
portend poor prognosis (level of evidence 2a). 
High expression levels of ERCC1, a DNA repair 
enzyme, is associated with platinum drug resis-
tance (level of evidence 1b), increased expression 
of ribonucleotide reductase is correlated with 
gemcitabine resistance,46 and overexpression of 
B-tubulin III is associated with vinorelbine and 
paclitaxel resistance47 (level of evidence 2a). Many 
of these assays are not readily available, yet may 
hold promise toward the development of targeted 
therapy and will lead to an understanding of che-
motherapy unresponsiveness in future clinical 
trials.

Clinical application of routinely available 
molecular markers may also help segregate 
patients at high risk for recurrence. High VEGF 
expression and increased microvessel density 
in stage IB patients43 is associated with decreased 
overall survival (level of evidence 3). Simul-
taneous expression of epidermal growth factor 
(EGFR) and HER2-neu in resected stage I NSCLC44 
is associated with poor survival (level of evidence 
3). Phosphoglycerate kinase 1, an enzyme for 
glycolytic and gluconeogenic pathways, is 
strongly associated with poor prognosis in 
early-stage adenocarcinoma45 and was valida-
ted with an independent tumor set for which 
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clinical data were available (level of evidence 
2a).

From an analysis of 275 resected stage I NSCLC 
patients, a retrospective analysis of histological 
characteristics and immunohistochemical assays 
showed that angiogenesis is one of the most 
important independent characteristic that pre-
dicts decreased disease-specifi c survival.48 An 
additive effect for the expression of proto-onco-
gene erbB-2, tumor suppressor gene p53, and the 
proliferation marker KI-67 was seen, which cor-
related with decreased survival (level of evidence 
2b).

Molecular staging and utilization of chemo-
therapy resistance testing of NSCLC tumor speci-
mens with the cellular proliferation assay has not 
been clinically validated; however, based upon 
clinical correlation with in vitro drug-resistance 
testing for other solid tumors, such testing should 
be considered to avoid potentially ineffective 
agents, particularly when several different clini-
cally equivalent regimens exist. This is probably 
most important for stage IB tumors (level of evi-
dence 2a to 4; recommendation grade C). Tumor 
prognostic marker testing in patients with stage 
I NSCLC should be considered prior to recom-
mending adjuvant chemotherapy for completely 
resected disease to avoid toxicity in patients with 
low risk for progression (level of evidence 2a; rec-
ommendation grade B). Such testing should be 
considered in resected stage I patients to select 
those patients that may be at high risk for recur-
rent disease (level of evidence 2b; recommenda-
tion grade B).

Careful anatomical, histological, and particu-
larly biological staging is necessary to develop 
adjuvant therapies with greater effi cacy for 
patients with completely resected early-stage 
NSCLC. A new paradigm of laboratory testing 
prior to random treatment holds promise to 
increase survival for the majority of patients fol-
lowing adjuvant therapy.
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12
Sleeve Lobectomy Versus Pneumonectomy 
for Lung Cancer Patients with Good 
Pulmonary Function
Lisa Spiguel and Mark K. Ferguson

pulmonary parenchyma, the ability to perform 
additional parenchymal resections is maintained 
should a second primary lung cancer occur.5,8–11

Parenchymal preservation is not without its 
drawbacks. Concerns include the impact of 
increased rates of local recurrence associated 
with parenchymal conservation, the potential for 
anastomotic complications, and the effect of N2 
nodal involvement on survival. These concerns 
suggest that pneumonectomy may be the proce-
dure of choice in selected patient populations. 
This chapter addresses the challenging question 
of sleeve lobectomy versus pneumonectomy for 
centrally located lung cancers in patients with 
good pulmonary function through an evidence-
based investigation of the current literature.

12.1. Approach to the Question

To obtain information regarding outcomes after 
sleeve lobectomy and pneumonectomy, a Medline 
search was performed of reports published in 
English between January 1, 1996 and June 1, 2005 
using the search terms [“sleeve lobectomy” OR 
“pneumonectomy”] AND “non-small cell lung 
cancer.” The search yielded 628 abstracts, each of 
which was reviewed. Articles were selected based 
on the following criteria: a minimum of 40 patients 
per study population; outcomes classifi ed accord-
ing to stage or nodal status; documentation of 
operative mortality; and calculation of 5-year 
survival according to stage (or nodal status as a 
respective surrogate for stage). Papers that were 
not selected included those integrating malignant 

Surgical resection of lung cancer is the mainstay 
for potentially curative cancer therapy. However, 
controversy exists regarding appropriate surgical 
management of centrally located tumors. Init-
ially, surgical therapy of central tumors consisted 
of pneumonectomy as the only surgical option 
with favorable outcomes. However, parenchymal-
sparing procedures, such as sleeve lobectomy, 
were subsequently described for patients unable 
to tolerate pneumonectomy because of poor pul-
monary reserve. The favorable results in terms of 
operative morbidity and mortality after sleeve 
lobectomy in patients with inadequate cardiopul-
monary function stimulated the use of parenchy-
mal-sparing procedures for patients with adequate 
pulmonary function. Increasing clinical evidence 
suggests that short-term outcomes for sleeve 
lobectomy are similar to those for pneumonec-
tomy, regardless of cardiopulmonary reserve.1,2

Thoracic surgeons face a challenge when posed 
with the decision of how much lung parenchyma 
to preserve in patients with central lung cancers. 
Many studies demonstrate similar, if not better, 
overall operative morbidity and mortality for 
parenchymal-sparing sleeve lobectomy as com-
pared to pneumonectomy for the treatment of 
central lung cancers. The advantage results pri-
marily from the reduced operative mortality 
associated with sleeve lobectomy.2–5 Advocates of 
parenchymal conservation also present provoca-
tive evidence that, in patients with anatomically 
suitable lung tumors, sleeve lobectomy not only 
has similar long-term survival, but also provides 
a better postoperative quality of life than does 
pneumonectomy.4,6–8 Furthermore, by preserving 
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and nonmalignant lung disease in the calculation 
of postoperative morbidity and mortality and 
those combining outcomes of isolated bronchial 
sleeve resection with sleeve lobectomy. In addi-
tion, the abstracts selected were published during 
the same time period that studied postoperative 
pulmonary function and postoperative quality of 
life. Each article was assigned a level of evidence 
(1, 2, 3, 4, or 5), calculated based on the study type, 
risk of bias, and attempts to minimize bias. An 
overall grade (A, B, C, or D) was then assigned to 
categorize the level of data as a whole. A meta-
analysis of operative mortality, survival, postop-
erative complications, and postoperative recurrence 
was performed by calculating weighted means 
based on the number of patients composing each 
stage or nodal status. In addition, the prognostic 
impacts of nodal status, preservation of lung func-
tion, and postoperative quality of life were assessed. 
Twelve articles met the defi ned criteria and were 
used for data abstraction for 1144 sleeve lobectomy 
patients and 1623 pneumonectomy patients.1–5,7–9,12–15

12.2. Overall Survival

The decision to perform pneumonectomy or 
sleeve lobectomy is based on both oncological 
and physiological considerations. Some believe 

that pneumonectomy, especially right pneumo-
nectomy, is a disease in itself, with severe breath-
lessness and impaired quality of life affecting 
many patients for the rest of their lives. Alexiou 
and coworkers argue in favor of sleeve lobectomy, 
stating that pneumonectomy is an independent 
predictor of poorer survival for patients with 
non-small cell lung cancer.14 In contrast, Fergu-
son and Karrison suggest that the type of opera-
tion is not a predictor of long-term outcomes, 
after adjusting for covariates such as age, T status, 
N status, performance status, and FEV1%.16 Kim 
and others also illustrate the lack of signifi cance 
of the operative procedure on long-term survival 
through a multivariate analysis.1

We analyzed survival based on 5-year survival 
data, and stratifi ed survival according to stage 
and nodal status (Table 12.1). According to the 
meta-analysis, sleeve lobectomy results in higher 
survival rates for stages I, II, and III, although the 
survival advantage for sleeve lobectomy in stage 
III patients appears to be small. This general sur-
vival advantage following sleeve lobectomy 
accounts for the increasing use of parenchymal 
preservation in patients with good cardiopulmo-
nary function, provided a complete surgical 
resection is accomplished.2,3,5,9 In a multivariate 
analysis, Ludwig and colleagues revealed sleeve 
lobectomy to be a statistically signifi cant positive 

TABLE 12.1. Patient demographics.

     Age Men  Stage I  Stage II Stage III 
Reference Year Period Procedure Patients (years) (%) (%) (%) (%) N0 (%) N1 (%) N2 (%)

Gaissert4 1996 1962–1991 SL 72 63 78 40 43 17 43 47 10
Icard9 1999 1981–1995 SL 110 61 95 29 52 15 33 59 8
Okada5 2000 1984–1998 SL 60 61 87 23 27 50 23 27 50
Tronc8 2000 1972–1998 SL 184 60 83 45 39 14 53 37 10
Fadel12 2002 1981–2001 SL 139 59 80 39 34 26 47 36 17
Mezzetti13 2002 1997–1999 SL 83 60 na 41 39 20 48 31 20
Terzi7 2002 1965–1999 SL 151 61 97 38 34 33 38 34 33
Deslauriers3 2004 1972–2000 SL 184 60 83 45 39 16 53 37 10
Kim1 2005 1989–1998 SL 49 59 90 28 41 31 37 37 26
Ludwig2 2005 1987–1997 SL 116  62* 88* 27 35 38 40 28 32
Gaissert4 1996 1986–1990 PN 56 61 75 16 45 37 26 57 17
Mizushima15 1997 1985–1996 PN 107 na 91 7 14 79 24 29 41
Okada5 2000 1984–1998 PN 60 61 88 20 28 52 20 28 52
Alexiou14 2003 1991–2000 PN 111 63 74 100  0  0 100  0  0
Deslauriers3 2004 1972–2000 PN 1046 61 79 16 35 45 25 42 30
Kim1 2005 1989–1998 PN 49 58 94 49 26 22 57 22 21
Ludwig2 2005 1987–1997 PN 194  59* 88* 16 27 57 30 25 44

Abbreviations: Age, median age; Men, overall study percentage; na, not applicable; PN, pneumonectomy; SL, sleeve lobectomy.
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prognostic factor for long-term survival, with a 
survival advantage for sleeve lobectomy patients 
over pneumonectomy patients with N0, N1, and 
N2 disease.2 As shown by the data in our meta-
analysis, the modest advantage for sleeve lobec-
tomy in both overall and stage-adjusted outcomes 
reinforces the use of sleeve lobectomy in the sur-
gical management of non-small cell lung cancer 
patients with good cardiopulmonary function. 
Whether sleeve lobectomy is an oncologically 
acceptable procedure for patients with N2 nodal 
involvement is unclear.

12.3. Effect of Nodal Status

One of the strongest determinants of survival is 
nodal status. Some authors argue that sleeve 
lobectomy is only applicable to N0 tumors, con-
cluding that pneumonectomy may be the best 
option for N1 and N2 involvement.1,3,7–9,13 In con-
trast, other studies reveal only N2 involvement as 
a signifi cant negative predictor for diminished 
5-year survival in patients undergoing sleeve 
lobectomy, showing signifi cant survival decrease 
with N2 tumors compared to N0 or N1 cancers.2,12 

Our meta-analysis demonstrates that worsening 
nodal status is associated with substantial decre-
ments in 5-year survival rates in patients under-
going sleeve lobectomy for increasing degrees of 
nodal involvement, with N2 status producing the 
largest negative effect (Table 12.2). However, N2 
disease has a substantial adverse effect on sur-
vival for both sleeve lobectomy and pneumonec-
tomy patients, albeit with a more profound effect 
in patients undergoing sleeve lobectomy.

There is recent focus on the role of complete 
mediastinal node dissection in non-small cell 
lung cancer patients with N2 nodal involvement. 
A study by Keller and colleagues suggested that 
a complete mediastinal nodal dissection is asso-
ciated with improved long-term survival in 
patients with N2 disease.17 However, some studies 
report that mortality in patients with N2 involve-
ment is not from local tumor causes but most 
often secondary to distant disease.1,6–10,12 Given 
our current level of understanding, it is unclear 
exactly whether or how the operative procedure 
impacts overall survival. According to the data in 
our meta-analysis, nodal status does not appear 
to be a strong contraindication for sleeve lobec-
tomy as long as complete nodal resection can be 

TABLE 12.2. Five-year survival related to stage and nodal status.

 Stage I 5-year Stage II 5-year Stage III 5-year N0 5-year N1 5-year N2 5-year
Reference survival (%) survival (%) survival (%) survival (%) survival (%) survival (%)

Sleeve lobectomy
  Gaissert4 42 53 43 57 38 43
  Icard9 60 30 27 57 29 33
  Okada5 70 70 21 70 70 21
  Tronc8 63 48  8 63 48  8
  Fadel12 55 62 21 55 68  0
  Mezzetti13 61 39  9 61 39  9
  Terzi7 62 34 22 57 33 19
  Deslauriers3 66 50 19 63 48  8
  Kim1 88 52  8 88 52  8
  Ludwig2 57 40 28 56 38 24
  Weighted mean 61 46 21 61 44 15
Pneumonectomy
  Gaissert4 na 43 na na 43 na
  Mizushima15 58 42 13 58 42 13
  Okada5 42 42 16 42 42 16
  Alexiou14 43 na na 43 na na
  Deslauriers3 50 34 22 43 30 21
  Kim1 75 36 38 75 36 38
  Ludwig2 45 42 13 47 30 12
  Weighted mean 49 36 19 46 32 19

Abbreviation: na, not applicable.
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achieved; nevertheless, the potential negative 
impact of N2 involvement must be considered, 
and remains a controversial issue.

12.4. Postoperative Complications

Postoperative morbidity and mortality data 
reveal an overall lower mortality for patients 
undergoing sleeve lobectomy, in addition to a 
lower overall incidence of postoperative compli-
cations (Table 12.3). However, when postopera-
tive complication rates are categorized according 
to airway complications, pulmonary complica-
tions, and cardiac complications, sleeve lobec-
tomy patients appear to experience a higher 
incidence of airway and pulmonary complica-
tions. These results persist despite multiple tech-
niques utilized to decrease the anastomotic 
complications, such as preservation of bronchial 
blood supply, creation of a tension-free bronchial 
anastomosis, improved suture materials, and uti-
lization of pleural, pericardial, or mediastinal 
fl aps to prevent bronchovascular fi stulas.2,12 The 
incidence of microscopically positive margins 
becomes important when evaluating the inci-
dence of both anastomotic complications and 
local recurrence. Kim and others reported a high 
incidence of anastomotic disruption in their 
sleeve lobectomy patients; however they also 

revealed a high incidence of microscopically pos-
itive margins in their sleeve lobectomy patients 
on frozen section.1 On the other hand, sleeve 
lobectomy patients appear to have a lower cardiac 
complication rate compared to pneumonectomy 
patients. Therefore, when evaluating overall mor-
bidity and mortality, sleeve lobectomy appears to 
be a safer operative procedure. However, impor-
tant airway complications do arise more often in 
patients undergoing sleeve lobectomy.

12.5. Recurrence Patterns

Lung cancer recurrences are categorized into 
three patterns: local/regional, distant, and com-
bined recurrence. Sleeve lobectomy preserves 
lung parenchyma, posing a theoretical risk of 
increased local/regional cancer recurrence. A 
recent study published by Terzi and others 
reported similar local/regional recurrence rates 
for stage I and II patients undergoing sleeve 
lobectomy, but there was a large increase in 
distant recurrence rates associated with stage III 
disease.7 Kim and coworkers suggested that N1 
involvement and adjuvant radiotherapy were 
independent risk factors for local/regional recur-
rence in patients undergoing sleeve lobectomy for 
non-small cell lung cancer.1 Fadel and others also 
reported an increase in local/regional recurrence 

TABLE 12.3. Postoperative complication rates.

 Operative Postoperative
Reference mortality (%) complications (%) Stump/anastomotic (%) Pulmonary (%) Cardiac (%)

Sleeve lobectomy
  Gaissert4 4 11 1 10 0
  Icard9 2.8 44 18 42 7
  Okada5 0 13 3 8 1
  Tronc8 1.6 16 3 9 0
  Fadel12 2.9 16 4 12 1
  Mezzetti13 3.6 10.8 4 7 0
  Terzi7 12 14.5 3 5 4
  Kim1 6.1 74.9 35 35 4
  Ludwig2 4.3 38 18 13 3
  Weighted mean 4.4 23.6 8.2 14.2 2.2
Pneumonectomy
  Gaissert4 9 16 1 7 1
  Okada5 2 22 7 12 3
  Kim1 4.1 44 0 12 8
  Ludwig2 4.6 26 4 7 4
  Weighted mean 4.8 26.2 2.8 8.5 3.7
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rates with advancing nodal status in patients 
undergoing sleeve lobectomy, with the rate 
increasing from 11% in patients with N0 disease 
to 40% in patients with N2 disease.12

Surprisingly, our analysis (Table 12.4) suggests 
that the incidences of both local/regional and 
distant recurrences are higher in patients under-
going pneumonectomy as compared to patients 
undergoing sleeve lobectomy. However, few of the 
studies included in the meta-analysis evaluated 
the relationship between nodal status or stage 
and recurrence patterns and rates. Without this 
information, it is diffi cult to assess whether the 
operative procedure or the stage and nodal status 
of the patient are the signifi cant factors in deter-
mining recurrence. The few studies evaluating 
risk factors for recurrence illustrate stage and 
nodal status as the negative predictive factors, 
rather than the procedure performed.1,7,12

12.6. Quality of Life

Postoperative quality of life is an important factor 
when deciding between sleeve lobectomy and 
pneumonectomy as the treatment for centrally 
located lung cancers. Many studies suggest that 
lung tissue preservation benefi ts postoperative 
quality of life in terms of greater cardiopulmo-
nary reserve, less postoperative pulmonary 

edema, and less right ventricular dysfunction due 
to a lower pulmonary vascular resistance.6,7 
Handy and others reported that postoperative 
quality of life is strongly dependent on the amount 
of lung resected, and that only pneumonectomy 
causes a decreased postoperative cardiopulmo-
nary function and exercise capacity.18 Ferguson 
and Lehman investigated postoperative quality 
of life in a decision analytic model compar-
ing sleeve lobectomy and pneumonectomy for 
patients with non-small cell lung cancer. When 
analyzed using quality-adjusted life-years (QALY) 
as the outcome, the model strongly favored sleeve 
lobectomy over pneumonectomy, regardless of 
underlying cardiopulmonary status. These results 
are most likely related to the relatively low overall 
risk of isolated local/regional recurrence and the 
improved postoperative cardiopulmonary status 
associated with parenchymal preservation.19 In 
addition to preserving cardiopulmonary func-
tion, lung preservation allows for patients who 
develop a second lung cancer to undergo a second 
lung resection safely, an incidence occurring as 
high as 12% in our studies.9

12.7. Levels of Evidence

Determining the validity of a study’s results is 
essential when assessing its potential impact on 
surgical intervention. The studies included in the 
meta-analysis were assigned a score based on the 
quality of evidence. All of the studies cited in 
the meta-analysis were rated a level 4. Although 
ranked lower on the grading scale, research eval-
uating operative techniques is rarely categorized 
as level 1 because few procedural-based studies 
can be designed as randomized, controlled trials 
because of obvious ethical, scientifi c, and practi-
cal considerations.20 The current evidence is ade-
quate to impact decision making for surgical 
treatment of non-small cell lung cancer.

12.8. Recommendations

Survival rates, postoperative complication rates, 
recurrence rates, and postoperative quality of life 
are all important topics to assess in the decision 
making for surgical intervention in patients with 

TABLE 12.4. Postoperative recurrence rates.

 Local/regional  Distant 
Reference recurrence only (%) recurrence only (%)

Sleeve lobectomy
  Gaissert4 14 na
  Icard9 17 24
  Okada5  8 na
  Tronc8 22 11
  Fadel12 15 11
  Mezzetti13 20 na
  Terzi7  5 18
  Deslauriers3 22 na
  Kim1 22 22
  Weighted mean 17 16
Pneumonectomy
  Okada5 10 na
  Deslauriers3 35 na
  Kim1  6 20
  Weighted mean 32 20

Abbreviation: na, not applicable.
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lung cancer. Five-year survival rates reveal an 
advantage for patients undergoing sleeve lobec-
tomy across all three stages (I, II, and III). Fur-
thermore, overall operative mortality rates and 
postoperative complication rates are lower in 
sleeve lobectomy patients, suggesting that sleeve 
lobectomy is a safer procedure. Postoperative 
quality of life also appears to be superior in 
patients undergoing sleeve lobectomy, which is 
most likely related to the greater amount of resid-
ual functioning lung tissue and perhaps to the 
lower incidence of local/regional recurrence in 
patients undergoing sleeve lobectomy. However, 
recurrence rates in our meta-analysis are inade-
quately assessed owing to the lack of data on out-
comes stratifi ed by stage and nodal status. Based 
on the overall outcomes, sleeve lobectomy should 
be used whenever possible for resection of ana-
tomically suitable lung cancers in order to avoid 
the adverse effects of pneumonectomy, particu-
larly the impact on postoperative quality of life 
(level of evidence 3 to 4; recommendation grade C).
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13
Lesser Resection Versus Lobectomy for 
Stage I Lung Cancer in Patients with 
Good Pulmonary Function
Anthony W. Kim and William H. Warren

These fi ndings were essentially the same as 
those reached by Warren and colleagues, who re-
assessed a series of patients having undergone 
lobectomy or segmental resection for stage I lung 
cancer.7 Of note, those patients had been reported 
previously in papers advocating limited resec-
tions. Interestingly, some of these patients were 
used as the case material of reports about second 
and third primary tumors,9 suggesting that 
an unfavorable outcome after limited resection 
might have been related to a prior lung cancer.

A number of other papers have emerged sup-
porting the conclusion that limited resection 
should be reserved for poor pulmonary risk 
patients.10–12 To a lesser degree, papers have also 
emerged arguing for wider adoption of limited 
pulmonary resections, even in good-risk patients, 
particularly for small peripheral adenocarcino-
mas with bronchoalveolar features. In this chapter, 
we will review data published since the LCSG 
fi ndings were released. In particular, we will 
attempt to reassess the value of limited pulmo-
nary resections in patients considered to be 
able to tolerate a lobectomy (i.e., good-risk 
patient).

13.1. Nomenclature and Definitions

A segmentectomy is an anatomical resection 
whereby one or more segments are resected by 
dissecting out, ligating, and dividing the segmen-
tal arteries and veins and dividing the segmental 
bronchus or bronchi. A wedge resection is a non-
anatomical resection of lung without hilar dis-

Historically, the surgical procedure of choice for 
curative resection of lung cancer, even in its early 
stages, has been a lobectomy or pneumonectomy. 
The role of a more conservative resection, such as 
a segmentectomy or wedge resection, has been 
explored by many, paralleling the interest in con-
servative resection of breast cancer, where studies 
determined that clinical results of lumpectomy 
compared favorably with modifi ed radical 
mastectomy.

Although segmentectomy was fi rst described 
as a surgical procedure for bronchiectasis, the 
role of segmental resections in the management 
of lung cancer dates back more than 30 years.1 
Since the original description, many authors have 
examined the role of lobectomy over a more 
limited resection.2–7 These were often retrospec-
tive studies, examining the outcomes of patients 
who underwent a limited resection having been 
determined to be a poor surgical risk for 
lobectomy.

In 1995, Ginsberg and Rubinstein published 
the results of a Lung Cancer Study Group (LCSG) 
randomized, controlled trial evaluating the role 
of limited pulmonary resection versus lobectomy 
in the surgical management of early-stage lung 
cancer.8 All patients entered in this trial were 
good-risk patients and were able to undergo 
either a lobectomy or limited resection. This sen-
tinel report concluded that, based on the higher 
incidence of local recurrence and decreased 5-
year survival in patients undergoing a limited 
pulmonary resection, lobectomy remained the 
procedure of choice for patients with T1N0 non-
small cell lung carcinoma.
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section and therefore, does not identify pulmonary 
vessels or segmental bronchi. “Limited” or “lesser 
resections” have been defi ned in the literature 
as anything less than a standard lobectomy. As 
such, an anatomical segmentectomy (involving 
one or more segments) and a wedge resection 
have both fallen into this umbrella term of 
“limited pulmonary resection.” Whenever possi-
ble, we will attempt to distinguish between these 
two procedures. A lobar and mediastinal lymph 
node dissection is an integral part of the proce-
dure whenever a carcinoma is resected, even 
when the pulmonary resection is limited. Early-
stage lung cancer is defi ned as tumor limited 
to the lung parenchyma (i.e., not invading sur-
rounding structures and the absence of nodal or 
systemic metastatic disease).

According to the most recent TNM classifi ca-
tion, T1 disease is defi ned as carcinoma that is 
3 cm or less is maximal diameter, not invading 
visceral pleura and more than 2 cm from the 
carina. T2 disease is defi ned as primary lung car-
cinoma either measuring greater than 3 cm in 
maximal diameter, or invading the visceral 
pleura (but not the parietal pleura), or involving 
a lobar bronchus (with/without lobar obstructive 
pneumonia or atelectasis) but more than 2 cm 
from the carina. Stage I is comprised of T1N0M0 
(stage IA) or T2N0M0 (stage IB) carcinoma. The 
publications from North America and Europe 
western concentrate on the role of limited resec-
tions for stage IA disease.

There is no universally accepted defi nition of 
what comprises poor pulmonary function, espe-
cially as it pertains to selection of patients for 
lobectomy versus lesser pulmonary resections. A 
patient is deemed at high operative risk for com-
plications after lobectomy if he/she: presents with 
a Pco2 greater than 45 mm Hg, Po2 less than 
50 mm Hg (without supplimental O2), has a pre-
dicted postoperative forced expiratory volume in 
1 s (FEV1) less than 0.8 L or less than 40% pre-
dicted, or has poor exercise performance status 
(unable to climb a fl ight of stairs without resting). 
In addition, cardiac function must be considered. 
An ejection fraction of under 15%, and Pa pres-
sure of over 45 mm Hg and angina or systemic 
hypertension refractory to medical management 
would also qualify a patient to be a high surgical 
risk. Inevitably, patient compliance and overall 

state of health must also be considered. Although 
most thoracic surgeons can agree that a given 
patient is at high risk for complications after lobec-
tomy (and therefore more likely to be considered 
for a limited resection), the designation of a patient 
as high risk must remain, for the time being, to a 
large degree, a matter of clinical judgment.

Upon reviewing the literature, one must 
attempt to distinguish the experience of those 
patients deemed by the surgeon to have been able 
to tolerate a lobectomy from those who could not 
on the basis of the above-stated criteria. A sur-
rogate indicator of good pulmonary function, 
other than the obvious declaration of such in the 
literature, has been the description of intentional 
limited resection in patients who would other-
wise tolerate a more extensive formal resection.

Of the many outcomes reported in the literature 
on the role of limited pulmonary resection, sur-
vival and local recurrence are the most objective 
and common to virtually all the recent publica-
tions. Typically, survival has been reported as 5-
year Kaplan Meier survival curves, although 
2-year and 3-year survival is also occasionally 
reported. This study has proposed local recur-
rence to be defi ned as the presence of lung cancer 
in the ipsilateral hemithorax (including medias-
tinum) following resection. This study and others 
have adopted this defi nition to avoid potential 
confusion distinguishing recurrence from incom-
plete resections versus a second primary tumors. 
As such, for the purposes of this analysis, the 
development of carcinoma in the ipsilateral lung 
after a resection is reported as a local/regional 
recurrence regardless of the exact location within 
the hemithorax, histology, or time interval since 
the resection. According to this defi nition, there 
is no exception or allowance for a second primary 
tumor. While the foregoing defi nition may be 
overly broad from a tumor biology point of view, 
if adopted, it is unambiguous and therefore serves 
as a statistic by which diverse clinical series can 
be compared.

13.2. Evidence-Based Medicine

In keeping with the theme of this book, this 
chapter will attempt to focus on a review of papers 
fi lling the following criteria: (1) patients with 
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stage I lung carcinoma, (2) patients undergoing a 
limited but complete pulmonary resection, (3) at 
a minimum, survival data is reported, (4) the 
series was comprised of at least 40 patients. As is 
expected with any controversial topic, signifi cant 
clinical data exist that refute or support the 
advantages of limited resections over lobectomy.

13.2.1. Literature Critical of the Use of 
Limited Pulmonary Resection

After an extensive review of the literature, the 
publication by the LCSG8 is the only report that 
can be categorized as level 1 evidence reporting 
the role of limited resection versus lobectomy for 
stage IA non-small cell lung cancer (NSCLC) in 
good-risk patients. In their report of this pro-
spective and randomized trial, there was a statis-
tically signifi cant increase in the incidence of 
local recurrence in the limited resection group 

(even after the authors attempted to exclude 
second primary lesions). Among patients under-
going a segmentectomy, there was a 2.0-fold 
increase, and among those undergoing a wedge 
resection, there was a 3.9-fold increase over the 
incidence after lobectomy (Table 13.1). Further-
more, the 5-year survival of patients undergoing 
a limited resection was worse than those who 
undergoing a lobectomy, a difference that reached 
statistical signifi cance (Table 13.2). The only ben-
efi cial effect noted was in pulmonary function 
tests at 6-month follow-up, where virtually every 
parameter was observed to be better preserved in 
the limited resection compared to the lobectomy 
group. However, this benefi t was not sustained 
when patients were studied 12 or 18 months post-
operatively. Ginsberg and Rubinstein concluded 
that there were no statistically signifi cant differ-
ences in the perioperative morbidity and mortal-
ity.8 On the basis of the increased incidence of 

TABLE 13.1. Local/regional recurrence after lobectomy, segmentectomy, and wedge resection for stage 1 NSCLC.

 Limited resections

Reference Year Lobectomy Combined Segment Wedge p Value

Warren7 1994 4.9%  22.7%  0.004
Ginsberg8 1995 6.4% 17.2%   0.008
Landreneau13 1997 7.7%   Open 57.1% 0.07
     VATS 26.7%
Miller15 2002 13.32%  8.3% 30.8% ns
Koike21 2003 0.6%  2.7%  ns
Campione11 2004 2.0%  19%  Significant

Abbreviation: ns, not significant.

TABLE 13.2. Overall 5-year survival after lobectomy, segmentectomy, and wedge resection for stage 1 NSCLC.

 Limited resections

Reference Year Lobectomy Combined Segment Wedge p Value

Warren7 1994 68%  44%  0.035
Ginsberg8 1995 68% 48%   0.088
Kodama17 1997 88%  93% good risk   ns
   48% poor risk   0.003
Landreneau13 1997 70%   Open = 58% ns
      VATS = 65%
Sugarbaker14 2000 74% 48%    0.0014
Okada20 2001 88%  87%  ns
Koike21 2003 90%  89%  ns
Keenan22a 2004 67%  62%  ns

Abbreviation: ns, not significant.
aFour-year survival data.
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local/regional recurrence and 5-year survival, 
they concluded that limited resections should 
not be considered the oncological equivalent of a 
lobectomy, discouraging the use of a limited 
resection when the patient is deemed to be able 
to tolerate either resection.

Landreneau and colleagues published their 
multi-institutional retrospective review of wedge 
resections, either by VATS (60 patients) or open 
(42 patients) versus lobectomy (117 patients) for 
the surgical management of stage IA lung cancer.13 
They observed that, although postoperative mor-
bidity was signifi cantly less after wedge resection 
than after lobectomy, local recurrence following 
wedge resection was higher than lobectomy. 
Their analysis, however, showed that although 
this incidence approached, it did not reach statis-
tical signifi cance (p = 0.07). Of concern was the 
fact that local recurrence seemed to occur earlier 
after wedge resection (median time to recurrence 
of 10 months) than in the lobectomy group 
(median time to recurrence of 19 months). Based 
on their fi ndings, the authors concluded that, in 
the face of the increased risk of local recurrence 
and poorer survival, lobectomy was the proce-
dure of choice for the good-risk pulmonary 
patient. They agreed that wedge resections should 
be reserved for those patients deemed to be poor-
risk patients.

In another retrospective study, Sugarbaker 
and Strauss compared the clinical courses of 58 
patients undergoing a limited resection and 186 
patients undergoing lobectomy or pneumonec-
tomy for clinical stage I lung cancer.14 They 
observed that patients undergoing a limited 
resection (90% of whom had T1N0 tumors) had a 
worse survival than patients undergoing lobec-
tomy/pneumonectomy (57% of whom had T1N0 
tumors). Thus, patients undergoing a limited 
pulmonary resection had with a worse 5-year 
survival than patients undergoing a lobectomy/
pneumonectomy despite the earlier stage in the 
limited resection group. On the basis of these 
fi ndings, Sugarbaker and Strauss also endorsed 
the concept that a lobectomy is the operation of 
choice for stage I lung cancer.

Miller and associates analyzed a subset of 
patients with NSCLC less than 1.0 cm in diame-
ter.15 In their retrospective analysis of 100 patients 
(stage I, 93; stage II, 6; stage IIIA, 2), the incidence 

of local recurrence (wedge resection, 30.8%; 
segmentectomy, 8.3%; lobectomy, 13.3%), 
approached, but did not reach, statistical signi-
fi cance (probably due to the low number of 
patients). There was, however, a decreased 5-year 
overall and lung cancer–free survival in patients 
undergoing a limited resection (33% and 47%, 
respectively) when compared to lobectomy (71% 
and 92%, respectively). In addition, as Ginsberg 
and Rubinstein had observed, upon further sub-
dividing limited resection into wedge resection 
and segmentectomy, patients undergoing seg-
mentectomy had a statistically signifi cant better 
5-year survival (57%) than those undergoing 
wedge resection (27%). Based on their results, the 
authors concluded that a lobectomy is the resec-
tion of choice, even for tumors 1.0 cm or less in 
diameter.

In 1999, Takizawa and colleagues published 
their results comparing the pulmonary function 
of 40 patients before and after undergoing a seg-
mental resection versus 40 patients undergoing a 
lobar resection for T1 peripheral lung carcino-
mas.16 All patients undergoing segmentectomy 
were deemed able to tolerate either a limited 
resection or a lobectomy. Patients were studied 2 
weeks and again at 12 months after surgery. 
Despite the tendency toward improved pulmo-
nary function in the patients undergoing the 
more conservative resections, analysis showed 
that this difference was not statistically signifi -
cant. The authors concluded that suspected 
improvement in performance status did not merit 
advocating limited pulmonary resections in 
good-risk patients after considering adequacy of 
lymph node dissection, higher incidence of local 
recurrence, and decreased 5-year survival.

13.2.2. Literature Supporting the Use of 
Limited Pulmonary Resection

Despite the studies that have concluded that 
limited pulmonary resections are not the onco-
logical equivalent of lobectomy, numerous studies 
have been supportive of the use of limited pulmo-
nary resection, even in patients judged to be able 
to tolerate a lobectomy. Shortly after the LCSG 
publication, literature from Japan emerged advo-
cating limited pulmonary resections. Kodama 
and associates evaluated their clinical experience 
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with limited resections in 63 good-risk and 17 
poor-risk patients with stage IA NSCLC, compar-
ing the results with 77 patients undergoing a 
lobectomy.17 The average diameter for pulmonary 
lesions in the limited resection group was 1.67 cm 
versus 2.29 cm in the lobectomy group. The 
authors did not observe a signifi cant difference 
in rates of local recurrence comparing the good-
risk patients undergoing a limited resection 
versus lobectomy. However, there was a statisti-
cally signifi cant higher incidence in local/regional 
recurrence in poor-risk patients undergoing 
limited resection compared to lobectomy patients. 
This was thought to be due, at least in part, to two 
factors. Patients with larger tumors tended to 
undergo a lobectomy if they were good risk, but 
underwent a limited resection if they were deemed 
poor risk. Good-risk patients tended to undergo 
a limited resection only if their tumors were 
small. Furthermore, none of the 17 poor-risk 
(and only 13 of the 46 good-risk) patients under-
going a limited resection underwent a complete 
lobar and mediastinal node dissection. Six 
patients having undergone a limited pulmonary 
resection had recurrence in the mediastinum. 
There was no statistically signifi cant difference 
in 5-year survival comparing good-risk segmen-
tectomy patients with lobectomy patients (88% 
vs. 93%). The authors concluded that a complete 
mediastinal lymph node dissection was indicated 
in patients undergoing a limited pulmonary 
resection, even in poor-risk patients. Based on 
their fi ndings, however, citing the fact that there 
was no difference in survival in good-risk 
patients, the authors concluded that segmentec-
tomy combined with mediastinal lymph node 
dissection could be adequate therapy for stage IA 
disease.

Several reports have appeared from the Study 
Group of Extended Segmentectomy for Small 
Lung Tumors. The authors defi ne extended seg-
mentectomy as segmentectomy and complete 
lobar/mediastinal lymph node dissection. This 
study group has examined the role of such resec-
tions on patients with tumors less than 2 cm in 
diameter and have produced several reports.18,19 
In this prospective multi-institutional trial, they 
reported on 70 patients undergoing a segmentec-
tomy with mediastinal lymph node dissection 
and 107 patients undergoing lobectomy for path-

ological stage IA carcinoma. The 5-year survival 
rates were 87.3% for patients undergoing segmen-
tectomy versus 72.7% for patients undergoing 
lobectomy for stage IA disease. In patients with 
T1 (T less than 2.0 cm) tumors, the 5-year sur-
vival rate was 87.1% for segmentectomy versus 
87.8% for the lobectomy population. This differ-
ence was not statistically signifi cant. The authors 
emphasized the value of frozen section to help 
stage the patient intra-operatively when consid-
ering limited resection. As long as preoperative 
selection criteria were stringently adhered to, and 
a concerted effort was made to eliminate patients 
with more advanced stage, the authors advocated 
segmentectomy with good pulmonary margins 
and mediastinal node dissection as a good alter-
native to lobectomy. The major disadvantage of 
the work of this group, however, is that the seg-
mentectomy patients were studied prospectively 
and compared retrospectively with patients 
having undergone a lobectomy at the same insti-
tutions. Nevertheless, Okada and colleagues20 
have achieved enviable 5-year survival in this 
subset of patients. Not surprisingly, they advo-
cate segmentectomy with mediastinal node dis-
section in the management of stage IA lesions 
(especially when the tumor is less than 2 cm in 
diameter), even in patients considered to be a 
good risk for lobectomy.

In 2003, Koike and colleagues reported retro-
spectively on results of limited resection for 
good-risk patents with tumors less than 2 cm,21 
and compared them to patients undergoing a 
standard lobectomy for T1N0M0 (T less than 
2 cm) disease. Of this group, 74 patients had a 
limited resection (segmentectomy in 60 patients, 
wedge resection in 14 patients). Only 48 patients 
underwent a complete hilar and mediastinal 
node dissection. Segmentectomy was only per-
formed if the surgeon felt that a 2-cm surgical 
margin could be obtained. Lobectomy was per-
formed in 159 patients meeting the same criteria. 
There was no signifi cant difference in the periop-
erative morbidity and mortality. Nor was there 
any signifi cant difference in local recurrence. 
Both the 3-year and 5-year survival data showed 
no important difference between patients under-
going lobectomy versus limited resection (97.0% 
vs. 94.0%, and 90.1% vs. 89.1%, respectively). 
The authors concluded that patients with tumors 
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less than 2 cm in diameter may be candidates for 
a limited resection, but admitted that more con-
trolled studies exploring this option are warranted.

In the United States, Keenan and colleagues 
retrospectively analyzed 201 patients with T1N0 
NSCLC who underwent surgical resections over a 
5-year period.22 In addition to studying local 
recurrence and survival, the authors used preop-
erative and 12-month postoperative pulmonary 
function tests to determine if there was any func-
tional advantage of a segmentectomy (54 patients) 
versus a lobectomy (147 patients). Mediastinal 
lymph node dissection was performed routinely 
in the lobectomy patients, but not in the segmen-
tectomy patients. There was no observed statis-
tically signifi cant difference in local/regional 
recurrence (but the trend was in favor of lobec-
tomy). Likewise, there was no statistically signifi -
cant difference in the 1-year and 4-year survival 
between the two groups (but once again, the 
trend was in favor of lobectomy). Preoperatively, 
the patients undergoing segmentectomies had 
signifi cantly greater pulmonary compromise 
when compared those undergoing lobectomy. 
These differences in forced vital capacity (FVC), 
FEV1, maximum voluntary ventilation (MVV), 
and diffusing capacity for carbon monoxide 
(DCCO), were all signifi cant. When compared to 
the preoperative status, the segmentectomy 
patients experienced a postoperative decrease in 
FVC, FEV1, MCC, and DLCO at 12 months, but 
only the DLCO change was statistically signifi -
cant. On the other hand, patients undergoing 
lobectomy demonstrated statistically signifi cant 
decreases in all these same parameters. Based on 
their fi ndings, the authors supported the notion 
that segmental resection be performed in periph-
eral carcinomas less than 3.0 cm when completely 
within anatomical boundaries of the segment, 
and in all lesions 2.0 cm or less.

13.3. Impact of Evidence

13.3.1. Age

In 2005, Mery and coworkers published their 
fi ndings on the role of limited resection in 
the elderly.23 Patient information was accessed 
through SEER (Surveillance, Epidemiology, and 
End Results) database from 1992 to 1997. Patients 

were divided into three groups based upon their 
age: group 1, ≤65 years; group 2, from 65 and 74 
years; and group 3, ≥75 years of age. Stages I and 
II disease were included in this analysis (stage I, 
83%; stage II, 17%). Limited resections were per-
formed with increasing frequency among the 
three groups: group 1 (8.1%), group 2 (12%), and 
group 3 (17%). The authors assumed the decision 
to perform limited resections was based on per-
ceived greater surgical risk (i.e., comorbidities 
and poorer pulmonary reserve), although the 
exact criteria by which selection was made were 
not stated. Not surprisingly, the authors found 
that overall survival decreased as a function of 
age. Furthermore, the overall survival benefi t of 
lobectomy over limited pulmonary resection 
proved to be a function of age. A survival benefi t 
for patients undergoing lobectomy versus limited 
resection was seen in groups 1 and 2, but was not 
apparent in group 3 (patients 75 years or older). 
By post hoc statistical analysis, it was determined 
that patients beyond age 71 undergoing lobec-
tomy were not likely to see a survival advantage 
(beyond 25 months) when compared to patients 
undergoing segmentectomy. The authors con-
cluded that limited resections could be a feasible 
alternative in patients greater than 71 years 
without impacting long-term survival.

13.3.2. Tumor Size

Although stage IA disease has been described 
typically as early-stage disease, several authors 
have made attempts to subclassify T1N0 tumors 
according to the tumor diameter (such as <1.0 cm 
or <2.0 cm.). Tumor size within the T1N0 classi-
fi cation has been shown to correlate with sur-
vival. Several authors have concluded that 
patients with tumors ≤2.0 cm. have a statistically 
signifi cant 5-year survival advantage over 
patients with tumors 2.1 to 3.0 cm, regardless of 
the extent of the surgical resection, provided a 
complete resection was performed, including a 
mediastinal lymph node dissection.3,20 Port and 
colleagues reached the same conclusion with 
respect to the disease-specifi c 5-year survival.24 
It is important to take this observation into 
account, whenever analyzing these retrospective 
papers, many of which reserved limited pulmo-
nary resections to patients with tumors <2.0 cm.
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13.3.3. Tumor Biology

In addition to tumor size, histopathology has 
been the subject of studies to determine when to 
consider performing a limited pulmonary resec-
tion. Yamato and colleagues review their 4-year 
experience of 42 patients undergoing limited 
resection for a bronchioloalveolar carcinoma less 
than 2.0 cm.25 Thirty-four of these patients under-
went a nonanatomical wedge resection, 2 under-
went segmentectomy, and 6 were converted to a 
lobectomy. All patients underwent a mediastinal 
lymph node dissection. In addition to using 
frozen section analysis to evaluate the presence 
of nodal metastases, frozen section analysis was 
used to confi rm the absence of active fi broblastic 
proliferation, which has been shown to portend a 
worse prognosis.26 Patients with nodal metasta-
ses or invasion of the pleura or stroma, or who 
had demonstrable active fi broblastic prolifera-
tion, were converted to a lobectomy. During the 
follow-up period, ranging from 12 to 47 months, 
all patients were alive without signs of local 
recurrence. Based on their careful selection cri-
teria (including tumor size and histological fea-
tures), the authors concluded that a limited 
pulmonary resection is a viable option for this 
subgroup of patients with T1N0 bronchioloalveo-
lar carcinoma meeting their size and histological 
criteria. They also rationalized that a wedge 
resection had an advantage over a segmentec-
tomy by alluding to the theoretical advantage of 
preserving as much pulmonary volume. However, 
their study was single armed, the clinical follow-
up was short, and these tumors are known to be 
biologically more indolent than other non-small 
cell carcinomas. In addition, no data was given 
on the incidence of local/regional recurrence in 
these notoriously soft and ill-defi ned tumors, 
making it diffi cult to determine the appropriate 
resection margin clinically. In addition, bron-
chioloalveolar carcinoma is known for its multi-
focal nature, which is presumably spread directly 
through regional airways.

13.3.4. Meta-analysis

Recently, Nakamura and colleagues analyzed 14 
articles published in the period 1980 to 2004 con-

taining postoperative survival data on patients 
undergoing limited pulmonary resections.27 Care 
was taken to select independent authors and 
study groups, and that patients had early-stage 
disease. Of the 14 publications cited, in only 4 
papers were limited resections performed on 
patients assessed to be able to tolerate a lobec-
tomy. Although the authors performed an exten-
sive search of the literature, publication bias may 
have been a factor because potentially important 
studies, such as those of Porrello and colleagues 
and Yamato and colleagues, were not included. 
The authors did acknowledge limitations of per-
forming meta-analysis on retrospective studies. 
Other expressed limitations included heteroge-
neity of the patient populations (ability or inabil-
ity to tolerate a lobectomy, age differences), 
heterogeneity in the carcinomas (size, histology, 
and pathological stage), and variability in surgi-
cal technique (wedge vs. segmentectomy, pres-
ence or absence of a mediastinal node dissection).

Upon performing a meta-analysis, the authors 
concluded, once again, that while there was an 
apparent overall survival advantage at 1-, 3-, and 
5-year mark in favor of patients undergoing a 
lobectomy over patients undergoing a limited 
pulmonary resection; this advantage did not 
reach statistical signifi cance.

13.4. Conclusions

Based on an extensive review of the currently 
available English language literature, and in 
accordance with the Oxford Centre for Evidence-
Based Medicine,28 it is our recommendation that 
(1) a pulmonary wedge resection not be per-
formed on any patient with stage I NCSLC. This 
recommendation is based upon level 1 and 2 evi-
dence. The grade of recommendation for this is 
A. (2) In the good-risk pulmonary patient with 
T1N0 NSCLC, our recommendation is for a lobec-
tomy and complete nodal dissection to achieve 
the maximum survival benefi t. While several 
studies failed to demonstrate a statistically sig-
nifi cant survival advantage in small T1N0 tumors, 
no study proved that these operations were 
equivalents. In fact, in every study, there was a 
survival advantage for patients undergoing lobec-
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tomy, but in no single study did this reach statis-
tical signifi cance. This recommendation is based 
upon level of evidence that is classifi ed as 2. The 
grade of recommendation for this is B. In the case 
of the extremely small stage IA lesions, a segmen-
tectomy may be a reasonable option, but should 
be approached with caution and close follow-up. 
There is a need for a more thorough prospective 
randomized, controlled trial to elucidate the true 
benefi t of segmentectomy (in contradistinction 
to a wedge resection), in this subset of patients 
with T1N0 tumors (T1 < 2.0 cm). (3) Patients with 
T2N0 tumors should undergo lobectomy. There 
is an extreme paucity of literature regarding 
limited resection in this subset of stage I patients. 
Furthermore, use of a lesser resection is counter-
intuitive, leaving the patient with a narrow 
margin of resection. Therefore, although level of 
evidence is at best classifi ed as 2, the grade of 
recommendation for this is A. (4) Patients T1N0 
tumors and deemed to be at high risk for postop-
erative morbidity and mortality after lobectomy 
should be considered for anatomical segmentec-
tomy together with hilar and mediastinal node 
dissection. However, the exact criteria by which 
patients are deemed to be high-risk remains an 
open question and worthy of additional studies.
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14
Lesser Resection Versus Radiotherapy for 
Patients with Compromised Lung Function 
and Stage I Lung Cancer
Jeffrey A. Bogart and Leslie J. Kohman

mance status. Various algorithms are available 
for assessing whether or not a patient will tolerate 
a lobectomy. There is no commonly accepted 
absolute for which patients with signifi cant pul-
monary disease will and which will not tolerate 
surgical resection of their lung cancer. Few of the 
published articles give specifi cs on how the 
patients were chosen for alternative therapies. 
There is no high level evidence available on this 
topic.

14.1. Published Data

14.1.1. Observation

Prospective data are not available regarding the 
role of observation for high-risk patients with 
early-stage NSCLC. The poor outcome for patients 
with early-stage NSCLC who do not receive any 
treatment is illustrated by recent retrospective 
experiences. Of 128 patients identifi ed with stage 
I and II NSCLC at the Veterans Administration 
Medical Center in Indianapolis between 1994 and 
1999, 49 (38%) patients did not receive treatment 
due to either refusal of therapy or comorbid 
medical problems.7 The median survival for this 
cohort of patients was 14.2 months and the major-
ity of patients died from lung cancer. A separate 
report from the University of Arkansas included 
97 patients who did not undergo resection for 
stage I and II NSCLC.8 Seventy of 97 (72%) of 
patients did not receive cancer-specifi c therapy. 
The median survival was 11 months for these 
patients compared with 22 months for treated 
patients. Given the retrospective nature of these 

The prospect for cure is excellent for fi t patients 
treated with anatomical resection for pathologi-
cal stage IA non-small cell lung cancer (NSCLC).1 
Unfortunately, a substantial subset of patients 
diagnosed with early-stage NSCLC suffer from 
cardiopulmonary disease and/or other underly-
ing medical comorbidities, and therefore are not 
suitable candidates for standard therapy.2 Treat-
ment options for patients unable to tolerate 
lobectomy are typically guided by the severity of 
comorbid disease and traditionally have included 
limited resection (via open thoracotomy or a tho-
racoscopic approach) and external beam radio-
therapy. Newer approaches including stereotactic 
radiosurgery and radiofrequency ablation are 
now utilized with increasing frequency. Recently, 
brachytherapy has been introduced as an adju-
vant to wedge resection.3,4 Although high-risk 
patients have been relatively neglected with 
regards to clinical research, this population is 
expected to increase in the future given factors 
such as the aging of the U.S. population and the 
increasing utilization of lung cancer screening.5,6 
In this chapter, we explore the data (retrospective 
and prospective) regarding these choices of 
therapy and describe the rationale and hypothe-
ses of current ongoing clinical trials. The base-
line management option is observation: the 
expected outcome of patients not eligible for 
standard surgical therapy (lobectomy) due to 
concurrent medical conditions.

By far the major reason that patients are turned 
down for lung cancer surgery is compromised 
pulmonary function, although a proportion has 
severe cardiac illness or overall poor perfor-
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experiences, the impact of patient selection on 
outcomes cannot be ascertained. Evidence from 
prospectively collected data in a screening 
context9 shows that even small lung cancers, left 
untreated, have a very poor outcome: The 8-year 
fatality rate for the diagnosed but untreated cases 
of lung cancer 6 to 15 mm in diameter was 87%, 
for 16 to 25 mm it was 94%, and for 26 to 30 mm 
it was 88%. The corresponding estimates of 
cure rates with resection were 71%, 67%, and 
55%, respectively. These results for untreated 
patients come from a group of patients who were 
eligible for the screening because they were felt 
on general clinical evaluation to be fi t enough to 
tolerate lobectomy. Results in a group of patients 
medically unfi t for surgery would be worse 
because they would include deaths from comor-
bid conditions.

14.1.2. Comparisons of Surgery with 
Radiotherapy in Patients with Compromised 
Lung Function (Evidence Level 2 to 3)

A prospective comparison of surgery and radio-
therapy conducted during the 1960s is limited by 
the use of antiquated staging and radiotherapy 
technology and the inclusion of patients with 
small cell lung cancer, and thus does not provide 
relevant data for modern-day treatment deci-
sions.10 There are no randomized, controlled 
studies on this topic.

Retrospective reports comparing surgery and 
radiotherapy for high-risk and/or elderly patients 
have reached differing conclusions. Yano and 
colleagues, from the National Kyushu Cancer 
Center in Fukuoka, Japan, retrospectively 
reviewed treatment results in compromised or 
poor-risk patients with clinical stage I NSCLC.11 
Seventeen patients underwent a limited resection 
(9 wedge resections and 8 segmentectomies), 
while 18 patients received radiation therapy. The 
5-year survival rates for patients in the limited 
resection group and the radiation treatment 
group were 55.0% and 14.4%, respectively. More-
over, the reported incidence of severe treatment-
related complications was not different between 
the limited operation group and the radiotherapy 
group (11.8% vs. 11.1%). Alternatively, Noordijk 
and colleagues, from Leiden, The Netherlands, 
described outcomes for patients irradiated for 

peripherally located T1-2 N0M0 NSCLC.12 Patients 
included did not have surgery because of poor 
medical condition, advanced age, or patient 
refusal. These results were compared to a group 
of 86 patients over 70 years of age treated surgi-
cally in the same hospital. The median survivals 
for patients treated with surgery and radio-
therapy were 23 months and 27 months, 
respectively.

14.1.3. Retrospective Studies Assessing 
Surgery in Patients with Compromised Lung 
Function (Evidence Level 2 to 3)

Outcomes for high-risk patients treated with sur-
gical resection vary greatly in retrospective 
studies. In a report of 116 patients with T1N0 
NSCLC, 5-year survival was reduced for patients 
with chronic cardiopulmonary disease after 
standard surgery compared with patients without 
cardiopulmonary disease, 35% versus 53%, 
respectively.13 Higher operative mortality was the 
main reason for the lower observed survival. 
Trials employing limited resection for patients 
with well-defi ned pulmonary dysfunction report 
lower operative mortality but similar survival. 
Five-year survival was 29% for 73 high-risk 
patients [mean ASA class II and mean forced 
expiratory volume in 1 s (FEV1) of 1.25] following 
wedge resection in a report from the Veterans 
Hospital in Washington, D.C.14 In a separate 
study from Emory University, 5-year survival 
was 31% (excluding one postoperative death) 
following segmental or wedge resection for 32 
patients with an FEV1 less than 1.0.15 All patients 
had clinical T1N0 NSCLC, and 31/32 patients had 
pathological T1N0 tumors.

Retrospective trials that appear to employ 
more liberal criteria for performing limited 
surgery report better outcomes. A report from 
the Arkansas Veterans Administration included 
244 patients with T1N0 NSCLC. Five-year sur-
vival for the 113 patients treated with limited 
resection was 51%, and exceeded the outcomes 
for patients treated with lobectomy.16 Similarly, 
Errett and colleagues reported 75% 6-year overall 
survival with wedge resection compared with 
69% 6-year survival following lobectomy.17 The 
median FEV1 prior to wedge resection was 1.56 L 
and wedge resection was more frequently 
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employed than lobectomy in their series. A large 
retrospective analysis from Allegheny General 
Hospital compared segmental resection and 
lobectomy for stage I NSCLC (18). Four-year 
survival was comparable in both groups (67 % vs. 
62%) and pulmonary function was more likely to 
be spared following segmental resection, as a 
decline in diffusing capacity was the only sig-
nifi cant change observed in this group. A recent 
report supports the feasibility of safely perform-
ing limited resection in patients with pulmonary 
dysfunction.19 In a study of 219 patients with 
stage IA NSCLC, there was no operative mortality 
with wedge resection (via either an open or tho-
racoscopic approach), compared with 3% mortal-
ity following lobectomy. Five-year survival was 
58% for following open wedge resection, 65% fol-
lowing video-assisted wedge resection, and 70% 
after lobectomy.

An increased risk of local tumor relapse has 
been reported for limited resection compared 
with lobectomy. The local recurrence rate was 
22.7% (15/66) with segmentectomy versus 4.9% 
(5/103) with lobectomy in a study from Rush 
Medical Center.20 Miller reported the potential 
for adjuvant external beam radiotherapy to 
reduce the risk of local relapse after limited resec-
tion for stage I NSCLC, particularly when the 
lesion crossed an intersegmental plane.15 In their 
series, local tumor relapse was reduced from 33% 
to 11% (2/18) with the addition of adjuvant exter-
nal beam radiotherapy.

In an effort to address the risk of local tumor 
relapse, two retrospective studies have addressed 
a combined approach of limited resection and 
permanent 125I brachytherapy. D’Amato reported 
a series of 14 patients, with an average FEV1 of 
0.59 L (23% predicted) and an average diffusion 
of carbon monoxide was 6.8 mL/min/mm Hg 
(30% predicted), with peripheral pathological 
T1N0 NSCLC.3 Surgical margins were pathologi-
cally clear and mediastinal nodes were sampled 
in all patients. Treatment included video-assisted 
thoracoscopic wedge resection with a polygly-
conate mesh containing 125I seeds applied to pul-
monary resection margins. The short follow-up 
time (average 7 months and maximum 12 months) 
precluded an assessment of outcome, but no sig-
nifi cant operative morbidity or radiation related 
toxicity was observed. A larger experience was 

reported from the New England Medical Center.4 
Thirty-three patients underwent a limited resec-
tion with 125I brachytherapy seeds implanted 
along the resection margin. With a median 
follow-up of 51 months, the 5-year survival was 
47%, 67% for patients with T1N0 tumors, and 
39% for patients with T2N0 tumors. Two local 
and six regional recurrences were observed.

14.1.4. Prospective Trials Assessing Limited 
Resection in Patients with Compromised 
Lung Function (Level of Evidence 2++)

The Lung Cancer Study Group conducted a pro-
spective, randomized phase III trial comparing 
limited resection with lobectomy for patients 
with peripheral, pathologically documented 
T1N0 NSCLC. Patients were required to have 
adequate pulmonary reserve for lobectomy.21 
Limited resection was associated with a 30% 
increase in the overall death rate, a 50% increase 
in the observed death with cancer rate, and a tri-
pling of local recurrence compared to lobectomy. 
Local recurrence was, likewise, increased follow-
ing wedge resection compared with segmentec-
tomy. Moreover, limited pulmonary resection did 
not reduce perioperative morbidity or mortality, 
or improve postoperative pulmonary function.

The results of a prospective phase II trial 
limited to patients with pulmonary dysfunction 
were recently published.22 The Cancer and Leu-
kemia Group B (CALGB) 9335 enrolled high-risk 
patients with one or more of the following risk 
factors: FEV1 less than 40%, carbon monoxide 
diffusing capacity in lung (DLCO) less than 50%, 
and maximum oxygen consumption(VO2max) 
less than 45 mm Hg. Patients underwent video-
assisted wedge resection followed by local (56 Gy) 
radiotherapy if they were found to have patho-
logical T1N0 NSCLC. The primary end point was 
the proportion of patients whose disease could be 
completely resected and who received radiother-
apy without treatment complications. Overall, 
video-assisted wedge resection was not techni-
cally feasible in 29% of patients. Of 58 eligible 
patients registered in the study, 32 patients were 
found to have pathologically staged T1 NSCLC. 
The median survival of patients with pathologi-
cal T1 disease (excluding one postoperative 
death) was 32 months and 5-year survival was 
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29%. Detailed patterns of failure have not been 
published, although a 29% local relapse rate was 
observed: 36% for narrowly resected (e.g., margin 
<1 cm) lesions and 21% for widely resected lesions. 
The infl uence of adjuvant radiotherapy on sur-
vival and local tumor control is not discernable.

A recently activated prospective phase III trial, 
headed by the American College of Surgeons 
Oncology Group, seeks to confi rm the provoca-
tive retrospective experience of combined wedge 
resection and 125I brachytherapy. Patients with 
NSCLC less than 3 cm are randomized to treat-
ment with sublobar resection or sublobar 
resection and intraoperative 125I brachytherapy 
(100 Gy). Eligibility criteria are more liberal than 
the CALGB prospective trial, and advanced age is 
included in the criteria for protocol entry. The 
primary end point of the study is 2-year local 
tumor relapse, and approximately 225 patients 
will be accrued. Table 14.1 summarizes the results 
of select surgery series.

14.1.5. Retrospective Trials of Radiotherapy 
in Patients with Compromised Lung 
Function (Level of Evidence 2– to 3)

Published reviews summarize the results of early 
NSCLC following radiotherapy in retrospective 
reports. Sibley reviewed the results of 10 studies 
utilizing megavoltage irradiation to doses of 
more than 55 Gy for medically inoperable stage I 
NSCLC.23 Although there was a substantial rate 
of death from intercurrent disease, the main 
cause of death in this patient population was lung 
cancer progression. Overall, 15% of patients were 
long-term survivors, 30% died from progression 
of local disease, 30% died from distant metasta-

ses, and 25% died from other causes. Prognostic 
factors for survival included tumor size and age, 
and 5-year overall survival ranged from 26% to 
67% for T1 lesions and from 4% to 24% for T2 
lesions. A correlation between radiation dose and 
local tumor failure and/or improved survival was 
suggested in several studies. Toxicity was minimal 
and 8 of 10 studies reported grade 3+ complica-
tion rates less than 2%.

More recently, Rowell and Williams reviewed 
all published trials of radiotherapy for stage I/IIA 
NSCLC delivering more than 4000 cGy.24 Twenty-
seven trials were identifi ed with greater than 
2000 patients, including one prospective ran-
domized trial for which a subset analysis was 
available for patients with clinical stage I/II A 
NSCLC.5 It was noted that the population included 
in these trials is poorly defi ned: the rationale for 
nonoperative therapy was stated for only approx-
imately 50% of patients, pretreatment pulmonary 
function testing was reported in only one trial, 
CT staging was utilized haphazardly in many 
studies, and mediastinoscopy was rarely 
employed. Overall, observations were similar to 
those of Sibley, in that most patients died from 
their cancer despite a presumed high rate of 
comorbid illness, improved survival was observed 
with smaller tumors, and better results (i.e., 
response rates) were suggested with higher doses 
of radiotherapy. In fact, more than one third of 
patients with T1 tumors survived 5 years. Treat-
ment outcome was related to pretreatment weight 
loss, but in contrast to the fi ndings of Sibley, age 
was not a prognostic factor. Only one fatal pneu-
monitis was reported, although morbidity was 
likely underreported due to the retrospective 
nature of these studies.

TABLE 14.1. Selected reports of surgery for high-risk early-stage NSCLC.

Reference Method n Stage Surgery OS Level of evidence

Pastorino13 R 116 IA Lobe/Pn 35% (5 years) 3
Miller15 R  31 IA Wed (21)/Seg (10) 31% (5 years) 3
Errett17 R 100 I Wedge 69% (6 years) 3
Read16 R 113 IA Seg (106)/Weg (7) 51% (5 years) 3
Landreneau19 R 102 IA Wed (42)/VATS (60) 58%/65% (5 years) 3
Shennib22 P  31 IA VATSa 29% (5 years) 2++

Abbreviations: Lobe, lobectomy; OS, overall survival; P, prospective; Pn, pneumonectomy; R, retrospective; Seg, segmental resection; VATS, video-
assisted thorascopic resection; Wed, wedge.
aPostoperative radiotherapy planned.
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The largest reported retrospective radiother-
apy series employing conventional radiotherapy 
planning, from Queensland Radium Institute, 
consists of 347 patients with T1N0 and T2N0 
tumors.25 The median age for the group was 70 
years, and all patients were treated to 50 Gy in 20 
fractions over 4 weeks. Survival correlated with 
tumor size with 5-year survival rates of 32% and 
21% for T1 and T2 tumors, respectively. Despite 
the use of clinical staging, results from this large 
series are similar to those reported for patients 
with cardiopulmonary dysfunction undergoing 
limited surgery for comparably sized tumors.

14.1.6. Prospective Trials of Radiotherapy in 
Patients with Compromised Lung Function 
(Level of Evidence 2+)

The advent of three-dimensional conformal 
therapy helps to ensure appropriate coverage of 
the intended target, while at the same time limit-
ing radiation exposure to the surrounding normal 
structures. Few trials have been designed exclu-
sively for high-risk stage I NSCLC, but recently 
reported prospective dose escalation trials have 
included this population. A phase I/II Radiation 
Therapy Oncology Group (RTOG) study admin-
istered escalating radiation doses with conformal 
techniques depending on the percentage of lung 
volume irradiated. In the small volume bin (i.e., 
20 Gy to <25% total lung volume), dose was 
sequentially increased from 70.9 Gy to 90.3 Gy.26 
Clinical stage I NSCLC composed 44% (77/177) of 
the study population. Median follow-up ranged 
from 13.4 months to 18 months, with an esti-
mated median survival approaching 27 months 
for patients with clinical stage I NSCLC. A dose 
escalation study at the University of Michigan 
demonstrated that doses as great as 102.9 Gy 
could be delivered with conventional fraction-
ation when the volume of irradiated lung was 
restricted.27 The median survival for patients 
with stage I /II NSCLC was 20 months and local 
tumor control was 61% if doses greater than or 
equal to 92 Gy were applied.

Radiotherapy treatment schemes that acceler-
ate completion of the treatment course may be 
more effective than conventionally fractionated 
(e.g., protracted) regimens. A randomized trial in 
the United Kingdom compared continuous 

hyperfractionated accelerated radiotherapy 
(CHART), 54 Gy in 36 fractions of 1.5 Gy over 12 
days, to conventional radiotherapy, 60 Gy over 6 
weeks.28 While the majority of patients had stage 
III disease, 169 patients with stage I/IIA NSCLC 
were included. However, only a small subset of 
patients with early stage disease (∼20%) had clin-
ical T1N0 lesions. Two-year survival was signifi -
cantly improved with CHART for patients with 
stage I/II disease, 37% versus 24%, and the dif-
ference remained at 4 years (18% vs. 12%).

Accelerated once-daily (e.g., hypofractionated) 
conformal radiotherapy is currently being 
explored in a phase I prospective clinical trial 
conducted by the Cancer and Leukemia Group 
B (CALGB). Eligibility is limited to high-risk 
patients with stage I NSCLC (i.e., <4 cm). The 
radiation fraction size is progressively increased 
from 2.41 Gy to 4.11 Gy while the total nominal 
dose is kept at 70 Gy and the total treatment time 
is reduced to 3.5 weeks. This schedule yields a 
stepwise reduction in the treatment time, with a 
corresponding potential increased biological 
effect.

Hypofractionated therapy with charged parti-
cles has also been evaluated prospectively for 
early-stage NSCLC. Protons and carbon ions 
have physical advantages over conventional 
X-ray beams and may be shaped to deliver a high 
dose of radiation to a central lung tumor with 
relative sparing of the surrounding functioning 
lung tissue. Accordingly, these treatments should 
help minimize the extent and severity of pulmo-
nary injury and may benefi t patients with severe 
underlying pulmonary disease. A phase II trial 
from Loma Linda enrolled 68 patients with stage 
I NSCLC.29 Proton therapy at doses ranging from 
51 to 60 cobalt Gy equivalent (CGE) in 10 frac-
tions/2 weeks was utilized. With a median follow-
up of 30 months, 3-year local tumor control and 
disease-specifi c survival were 74% and 73%, 
respectively, and symptomatic radiation pneu-
monitis was not observed. Superior local tumor 
control was obtained for clinical T1N0 lesions 
(87%), compared with T2N0 disease (49%). A 
phase I/II study evaluating hypofractionated 
delivery of carbon ion particles included 81 
patients treated to a dose of 59 to 94 CGE in 9 to 
18 fractions.30 Thirty-seven of 81 patients remain 
alive after a median follow-up of 40 months, and 
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23% absolute local tumor relapse was noted. 
Whether charged particle therapy is more effi ca-
cious than photon irradiation delivered with 
advanced technologies (e.g., three-dimensional 
conformal therapy) has not been assessed and 
charged particle therapy is not widely available 
given the prohibitive cast of such facilities.

14.1.7. Body Stereotactic Radiosurgery 
(Level of Evidence 2+)

The preliminary results of prospective studies 
exploring stereotactic radiosurgery have recently 
been reported. A phase I dose escalation trial 
assessing stereotactic radiosurgery was con-
ducted at Indiana University.31 Eligible patients 
included those with clinically staged T1 or T2 
(tumor size <7 cm) N0M0 biopsy-confi rmed 
NSCLC. All patients had comorbid medical prob-
lems that precluded thoracotomy. The median 
age was 75 years. Radiosurgery was administered 
in three separate fractions over 2 weeks. The dose 
was safely increased from 800 cGy per fraction 
(2400 cGy total) to 2000 cGy per fraction (6000 cGy 
total) for patients with both T1 and T2 lesions. 
The overall response rate (n = 37) was 87% (com-
plete response, 27%). Six local tumor recurrences 
were observed after a median follow-up 15.2 
months. A phase II multi-institutional trial based 
on the Indiana University experience was recently 
activated by the RTOG. Single fraction radiosur-
gery has been explored in Europe, and Hof and 
colleagues conducted a phase I/II study of stereo-
tactic radiosurgery in 10 patients with stage I 
NSCLC.32 Total doses applied ranged from 19 to 
26 Gy. Local tumor control was obtained in 8 of 
10 lesions with a median follow-up period of 14.9 
months and actuarial overall survival was 64% at 

24 months. Distant metastases developed in fi ve 
patients and mediastinal lymph node relapse was 
found in an additional patient. Table 14.2 sum-
marizes the results of select radiotherapy series.

14.2. Summary of Published Data 
and Their Impact on Clinical Practice

The available published clinical data are not of 
suffi cient quality to provide defi nitive guidance 
for patients with early stage NSCLC. Trials of 
surgery and radiotherapy vary greatly regarding 
patient selection, thoroughness of staging [e.g., 
mediastinoscopy, positron emission tomography 
(PET) scan], tumor location, and tumor burden. 
The published evidence is generally of level 2 to 
3, the results are confl icting, and no recommen-
dation can be made. The choice of therapy should 
be individualized by patient and the experience 
of the institution.

The results of the LCSG phase III trial clearly 
indicate lobectomy should be considered the 
optimal surgical procedure for stage I NSCLC. 
Therefore, patients should be thoroughly evalu-
ated and pulmonary rehabilitation should be 
considered for patients with marginal pulmonary 
function. The level of evidence is 1– and the grade 
of recommendation is A.

TABLE 14.2. Selected reports of radiotherapy for early-stage NSCLC.

Reference Method n Stage Dose/Fx size LC OS Level of evidence

Gauden25 R 167 IA 50/2.5 – 32% (5 years) 3
Henning27 3D/P  11 I 92.4–102.9/2.1 76% (2 years) – 2+
Bradley26 3D/P  77 I 70.9–90.3/2.15  65% (3 years)a  36% (3 years)a 2++
Bush29 Proton  27 I 50.1–73.8 CGE/5.1 87% (2 years) 86% 2+
Timmerman31 SRS/P  37 I  24–60/8–20 31/37 – 2+

Abbreviations: 3D, conformal radiotherapy; CGE, cobalt GY equivalent; LC, local tumor control; OS, overall survival; P, prospective; R, retrospective; SRS 
sterotactic radiosurgery.
aEstimated from survival curve.

Lobectomy should be considered the optimal 
surgical procedure for stage I NSCLC; preop-
erative pulmonary rehabilitation should be 
considered for patients with marginal pulmo-
nary function (level of evidence 1–; grade of 
recommendation A).
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The outcome of limited surgical resection and 
radiotherapy are greatly dependent on patient 
selection. Stage IA patients with defi ned poor 
lung function and/or medical comorbidity pre-
cluding anatomical resection appear to have an 
approximate 30% expectation for long-term sur-
vival with either limited resection or aggressive 
radiotherapy delivered with modern techniques. 
Segmental resection with wide surgical margins 
results in a lower risk of local tumor relapse com-
pared with wedge resection and may reduce the 
risk of local tumor failure compared with con-
ventionally fractionated radiotherapy. Moreover, 
local tumor control following radiotherapy 
relates directly with tumor volume, and a surgi-
cal approach may be advantageous for larger 
tumors (e.g., >3.5–4 cm) if adequate margins can 
be obtained. Newer radiotherapy approaches, 
including accelerated conformal treatment and 
stereotactic body radiosurgery, may improve 
results compared with traditional radiotherapy. 
The quality of evidence is 2 to 3, and the grade 
of recommendation is C. Large-scale multi-
institutional trials are necessary for confi rma-
tion. The treatment decision should be based on 
the experience of the center and patient prefer-
ence, guided by estimates of relative toxicity.

Whether adjuvant radiotherapy reduces local 
tumor failure and improves outcomes after 
limited surgery remains to be determined. While 
local tumor relapse is clearly increased following 
limited resection compared with lobectomy, 
CALGB 9335 did not establish the value of exter-
nal beam radiotherapy. The concerns raised 
regarding the potential detrimental effects of 
postoperative radiotherapy in the PORT meta-
analysis (particularly for N0 disease) may be 
germane, particularly if large radiotherapy 
portals are utilized.33 Initial retrospective trials 
of adjuvant brachytherapy report promising 
results, but prospective data from the recently 
activated ACOSOG trial will not be available for 
several years. No recommendation can be made 
regarding the role of adjuvant radiotherapy at 
this time.

14.2.1. Our Personal View of the Data and 
Future Trends

All patients with potentially resectable lung 
cancer and compromised pulmonary function 
should be evaluated in a multidisciplinary lung 
cancer clinic, with input by an experienced chest 
radiologist, thoracic surgeon, radiation oncolo-
gist, pulmonologist, and medical oncologist. All 
continuing smokers should have intense and 
ongoing smoking cessation counseling begin-
ning with their fi rst visit. High-risk patients 
should be immediately enrolled in a pulmonary 
rehabilitation program. Sometimes the combina-
tion of smoking cessation and pulmonary reha-
bilitation will render a patient fi t enough for 
lobectomy or at least segmentectomy. If not, 
thorough staging (PET scan, sometimes medias-
tinoscopy) will determine the clinical stage as 
accurately as possible.

Options for patients who cannot undergo stan-
dard resection include wedge resection (open or 
thoracoscopic), wedge resection with adjuvant 
radiotherapy, wedge resection with brachyther-
apy, primary radiotherapy (hypofractionation, 
intensity–modulated radiation therapy (IMRT), 
respiratory gating, stereotactic radiosurgery), 
radiofrequency ablation (experimental), and any 
of the preceding combined with chemotherapy, 
including radiosensitizing chemotherapy. All 
patients should be considered for inclusion in one 
of several current and upcoming clinical trials 
evaluating these modalities in a prospective and 
occasionally randomized fashion.

Patients at high-risk for receiving anesthesia 
and patients with extremely limited pulmonary 
reserve will generally be treated nonsurgically. 
Central lesions that are not amenable to limited 
resection are also generally treated non surgically. 
Modestly hypofractionated three-dimensional 
conformal radiotherapy is generally employed 
outside of the clinical trial setting. The extent of 
hypofractionation/acceleration is guided by the 
volume of irradiated lung. Patients treated with 
radiotherapy are also evaluated for respiratory 
gating in order to limit the effect of tumor 
motion.

Patients who have potential for surgical resec-
tion should have smoking cessation and pulmo-
nary rehabilitation and a complete cardiac 

The value of adjuvant radiotherapy on local 
tumor control and improved survival after 
limited surgery remains to be determined.
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evaluation. At the time of wedge resection, place-
ment of large hemoclips at the apex of the wedge 
or the area of closest margin will facilitate post-
operative radiotherapy.

Given the heterogeneous nature of the high-
risk patient population, comparative prospective, 
randomized trials of surgery and radiotherapy 
may not be feasible. The mature results of ongoing 
trials exploring accelerated conformal radiother-
apy, stereotactic radiosurgery, and wedge resec-
tion and brachytherapy will provide important 
information to help guide local therapy. Whether 
systemic chemotherapy may be of benefi t has 
not been addressed, but this issue is of increasing 
consideration particularly given the results of 
recent trials demonstrating a survival benefi t for 
the addition of chemotherapy to surgical resec-
tion for early-stage NSCLC.34,35
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15
Resection for Patients Initially Diagnosed 
with N3 Lung Cancer after Response to 
Induction Therapy
Antonio D’Andrilli, Federico Venuta, and Erino A. Rendina

and 15%.4 However, this treatment achieves 
tumor sterilization in only 5% to 20% of the 
patients,10,11 and locoregional failure is almost 
the rule with a local control of 17% at 1 year in 
randomized studies.12 This argument strongly 
supports the search for an alternative strategy of 
treatment in the attempt to achieve a more com-
plete oncologic control.

Neoadjuvant chemotherapy or chemoradio-
therapy followed by surgical resection has been 
used in patients with stage IIIA-N2 disease since 
the end of 1980s, showing signifi cant survival 
advantage in small randomized studies. In some 
of these studies, carefully selected IIIB patients 
have been enrolled and their survival results, in 
initial experiences, did not differ markedly from 
the IIIA group.

The analysis of data concerning complex and 
aggressive therapeutic options including surgery 
in poor-prognosis groups of patients, such as N3, 
has to necessarily undergo a meticulous evalua-
tion of the methods employed and, in particular, 
of the staging and restaging modalities, inclusion 
criteria, induction protocols, and surgical 
technique.

15.1. Staging Modalities

Staging modalities should be rigorously evalu-
ated and verifi ed when comparing results by dif-
ferent centers, including heterogeneous protocols. 
Inaccurate clinical staging invariably limits the 
signifi cance of reported clinical results. In par-
ticular, trials not including surgery usually enroll 

Lung cancer is classifi ed as N3 when metastases 
to the contralateral mediastinal and hilar lymph 
nodes, the supraclavicular nodes, and the scalene 
nodes are present at the time of diagnosis. N3 
lung tumors have been included in stage IIIB 
since 1986, when it appeared clear that such 
locally advanced disease needs to be grouped in 
a separate stage III category because of the 
extremely poor prognosis. In the large series 
reported by Mountain, 5-year survival for N3 
patients was 3%.1 These tumors have always been 
considered inoperable due to the diffi culties in 
eradicating all the detectable disease that mark-
edly limits the applicability of primary surgery 
in this setting.

N3 lung cancer has been approached aggres-
sively with initial surgery in a few centers, mainly 
by Japanese groups.2,3 The pulmonary resection 
is carried out through a median sternotomy, and 
complete bilateral lymphadenectomy is accom-
plished. The limited survival benefi t observed 
with such an aggressive approach has, however, 
strongly discouraged the choice of primary 
operation.

Bimodality protocols of chemotherapy com-
bined with defi nitive thoracic irradiation repre-
sents, at the moment, the standard treatment of 
care for N3 and all stage IIIB patients.4–6 Recently, 
concurrent administration of these two thera-
peutic options has been recommended because it 
provides improved survival in comparison to 
sequential chemoradiotherapy, although it is 
frequently associated with increased toxicity.4,7–9 
With this combined modality therapy, the 
expected 5-year survival ranges between 10% 
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patients without positive histological staging. 
Even in the most recent studies with chemother-
apy or radiochemotherapy followed by surgery, 
pretreatment staging accuracy is often question-
able and varies from one investigator to 
another.

Diagnostic imaging of the mediastinum with 
purpose of lymph nodal staging before treatment 
is still most commonly based on computed 
tomography (CT). The use of dimensional crite-
ria (lymph node size >1 cm) as the sole parameter 
to assess the presence of nodal metastases 
strongly limits the effi cacy of the technique in 
this setting. Computed tomography alone has 
been found to have low sensitivity (56%–63%) 
and specifi city (60%–90%), with an accuracy 
ranging from 61% to 85% for identifi cation of 
malignant N2 and N3 lymph nodes.13–15 The false-
negative rate has been registered as high as 30% 
in several experiences.16 Moreover, the sensitivity 
and the accuracy of CT scan for detecting lymph 
nodal metastases are lower after induction 
therapy.17 Therefore, surgical exploration of the 
mediastinum, principally by means of mediasti-
noscopy, has often been advocated for histologi-
cal confi rmation of staging.

In experienced hands mediastinoscopy is 
extremely accurate, showing an average sensitiv-
ity of 84%, a specifi city of 100%, and a false-
negative rate averaging 9% in 10 large series18–27 
published over a 15-year period. Some authors17 
have recently hypothesized that the use of a 
video-assisted approach (videomediastinoscopy) 
has contributed an increased effi cacy of medias-
tinoscopy, including after induction therapy. The 
accuracy of video-assisted mediastinoscopy after 
neoadjuvant chemotherapy has been reported as 
high as 91%, with results similar to those observed 
in patients without preoperative treatment.

Currently employed alternative tools for inva-
sive mediastinal staging of lung cancer, including 
anterior mediastinotomy, videothoracoscopy, 
and extended mediastinoscopy, play a lesser role 
in the preoperative histological diagnosis of N3 
disease. Extended cervical mediastinoscopy has 
been proven an effective technique for sampling 
enlarged lymph nodes in stations 5 and 6 that are 
not reachable by conventional mediastinoscopy. 
Ginsberg28–30 reported a sensitivity of 69%, a 
specifi city of 100%, and an accuracy of 91% in a 

series of 300 cases. However, concern about the 
technical complexity of this approach has limited 
its use to a few experienced centers and generally 
for confi rmation of N2 disease in left lung cancer. 
There are sporadic experiences in the literature 
reporting the adoption of this procedure for 
staging of N3 disease. Similarly, videothoracos-
copy, which has been proposed as an effective 
method for surgical exploration of the aorto-
pulmonary window and the para-aortic lymph 
nodal station, has achieved a limited application 
in the diagnosis of the N3 disease. In clinical 
practice, it has been more frequently used for 
staging suspected T4 lung cancer. Direct biopsy 
of the supraclavicular nodes and the scalene 
nodes can be accomplished without particular 
technical diffi culties, but the presence of tumor 
in these sites is considered an exclusion criteria 
in many trials including N3 patients.6,31–33 More 
recently, fi ber-optic transbronchial needle aspi-
ration, by either cytological or histological needle, 
has been reported as a safe and effective alterna-
tive to mediastinoscopy in suspected N2 and N3 
lung cancer.34–36 Although sensitivity and accu-
racy of this technique in this setting have been 
reported as high as 71% and 73%, respectively 
(84% and 86% for the right paratracheal nodes),35 
these procedures are still not widely performed 
and only selected centers have reached adequate 
experience.

All the above-mentioned data have justifi ed a 
general affi rmation of invasive procedures for 
mediastinal staging. In the literature, almost 
all phase II trials including N3 patients have 
employed mediastinoscopy to confi rm lymph 
nodal involvement.6,9,10,32,33,37

15.2. Restaging Tools

A number of considerations should be made 
when analyzing data from different studies 
administering induction therapy in order to 
evaluate the appropriateness of the restaging 
tools employed and the scientifi c accuracy of the 
results obtained. First, there is evidence in litera-
ture that pathological mediastinal downstaging 
is one of the most powerful predictors of survival 
after resection following induction therapy. 
This has been principally proven in series of N2 
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patients, but has been also verifi ed in few selected 
experiences including N3 patients. Second, cur-
rently employed imaging methods have shown 
disappointing effi cacy in mediastinal restaging 
after neoadjuvant treatment. Computed tomog-
raphy can be very misleading in this setting 
because the presence of lymph nodes appearing 
with pathological size (more than 1 cm in diame-
ter) has been proven to be unrelated to the neo-
plastic disease in up to 40% of patients.38 This is 
due to the scarring and infl ammatory changes 
induced by the treatment of the initially neoplas-
tic lymphadenopathy, which may explain the 
persistence of radiologically anomalous tissue 
in the site of the previously detected pathologic 
nodes. Finally, fl uorodeoxyglucose (FDG)-positron 
emission tomography (PET) has shown a signifi -
cantly lower accuracy in mediastinal staging after 
induction therapy because chemotherapy and 
radiotherapy induce reactions in lymph nodes 
that may lead to increased FDG uptake.39

As a consequence, a number of authors have 
advocated surgical re-exploration of the medias-
tinum as the only effective means to achieve a 
proper selection of patients likely to benefi t from 
surgical resection after induction therapy. Repeat 
mediastinoscopy has been routinely performed 
in this fi eld only in selected centers with consid-
erable experience.33,38,40 Despite technical diffi -
culties due to mediastinal fi brosis and peritracheal 
adhesions, this procedure can be done without 
increased morbidity and with satisfactory results. 
Sensitivity, specifi city, and accuracy of repeated 
medistinoscopy after induction treatment have 
been reported as high as 73% to 75%, 100%, and 
80% to 85% in the two larger series in the litera-
ture.38,40 Although slightly lower than that of 
initial mediastinoscopy, the accuracy of this pro-
cedure allows adequate pathological restaging of 
the mediastinum in lung cancer. The only con-
trasting experience, in terms of results, is the one 
published by Pitz.33 However, the lower diagnos-
tic value of the technique in this series can be 
explained by the high number of incomplete 
procedures.

Lardinois17 has recently investigated the role of 
videomediastinoscopy in patients submitted to 
induction therapy without previous exploration 
of the mediastinum, and who showed radiologi-
cal response to treatment. Results were compared 

with those of the same technique in potentially 
operable patients without preoperative treat-
ment. Safety (0% vs. 4% morbidity) and accuracy 
(91% vs. 95%) were similar with and without 
induction therapy. Videomediastinoscopy 
revealed the presence of N2 or N3 disease in 17% 
of patients with mediastinal lymph nodes smaller 
than 1 cm at CT scan after neoadjuvant therapy.

Thoracotomy is hardly acceptable as a staging 
or restaging method in a setting where the real 
benefi t of surgery is still to be quantifi ed. There-
fore, thoracotomy might be employed only after 
other staging methods proved inconclusive. The 
introduction of FDG-PET scan has partially 
modifi ed the diagnostic strategies for the selec-
tion of patients to either primary surgery or after 
induction therapy. In a recent prospective study, 
the integrated use of FDG-PET with CT has sig-
nifi cantly improved the nodal staging accuracy if 
compared with CT alone, but also with FDG-PET 
alone.41

However, the combination of mediastinoscopy 
and PET has proved to considerably improve the 
effi cacy of mediastinal staging of lung cancer.42 
In the study from Kernstine,42 if PET is negative 
in either N2 or N3 nodes there is little probability 
of mediastinal disease (1%–8%), but when PET is 
positive in N2 or N3 sites, the metastatic tumor is 
not histologically confi rmed in 40% to 60% of the 
cases, so that mediastinoscopy is recommended. 
Moreover, PET has shown a signifi cantly lower 
accuracy for mediastinal staging in patients who 
underwent induction therapy than in patients 
without preoperative treatment, with a sensitiv-
ity of 67% and a specifi city of 61%.39 Among the 
possible explanation of this phenomenon, it has 
been hypothesized the release of metabolically 
active phagocytes and cytokines by nonpatho-
logical tissue as a reaction to the treatment, that 
may lead to increased FDG uptake in the site of 
original tumor producing false-positive results.

In conclusion, mediastinoscopy has increased 
accuracy in mediastinal staging compared with 
noninvasive methods, and is also effective in clin-
ical re-evaluation after preoperative treatment. 
However, the increased technical complexity of 
re-operative mediastinoscopy often discourages 
surgeons to routinely repeat this procedure and 
only few trials in the literature6,33 report its inclu-
sion in the postinduction restaging.
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15.3. Role of Surgery

15.3.1. Therapeutic Protocols, 
Surgical Techniques

There is general consensus about the principle 
that lung cancer cannot be cured unless all 
detectable disease is eradicated. All the inte-
grated strategies of cure proposed in the last 
decades for patients with unresectable lung 
cancer, such as stage IIIB disease, have invariably 
failed in achieving adequate tumor sterilization. 
In addition, the disappointing results reported 
when surgery alone is employed suggest that the 
effi cacy of this option should be reconsidered 
with a different strategy.

Selected N3 patients have been included in a 
number of phase II studies exploring the poten-
tial benefi ts of surgery after neoadjuvant treat-
ment in stage IIIB. Data available in the literature 
usually do not report separate analysis for N3 and 
T4 patients, so that it is diffi cult to acquire spe-
cifi c prognostic indications for each of these 
subgroups. Moreover, published experiences in 
this fi eld generally differ for restaging methods 
employed, because pathological re-evaluation of 
lymph nodal status is performed only in a few 
series, and for dishomogeneity of surgical tech-
nique, because the exploration of the contralat-
eral mediastinum is only rarely carried out.

The Southwest Oncology Group has reported 
an induction chemoradiotherapy trial (SWOG 
8805) that included a large group of patients with 
stage IIIB disease.10 An effort was made to adhere 
to strict staging criteria prior to inclusion in the 
study: all N3 patients had histological confi rma-
tion by means of mediastinoscopy. The induction 
treatment consisted of concurrent chemotherapy 
and radiotherapy. Two cycles of cisplatin (50 mg/
m2) were administered concurrently with 45 Gy 
radiotherapy. Major toxicity was registered in 
4% of patients. Fourteen of 27 patients with N3 
disease (52%) underwent surgery after response 
to therapy. Repeat mediastinoscopy was not per-
formed in the postinduction selection for thora-
cotomy. N3 patients were approached by standard 
thoracotomy and no attempt was made to resect 
the previously involved contralateral or supracla-
vicular lymph nodes. The decision apparently 
was based on the assumption that surgery was 

regarded only as an adjuvant for primary tumor 
control.

The last update of SWOG 8805 was issued in 
199937 with 6-year survival data: the overall (all 
N3 and T4) survival was 22% with defi nitively 
more favorable prognosis (6-year survival, 49%) 
in the substage of T4 without mediastinal lymph-
adenectomy (N0-1). N2-3 patients showed mark-
edly improved prognosis (6-year survival, 33%) 
when pathological downstaging to N0 was present 
if compared with patients presenting with 
unmodifi ed lymph nodal status (6-year survival, 
11%). Sites of relapses resulting in death were pre-
dominantly extrathoracic. Brain metastases were 
observed in 25 of 51 patients, being the sole site 
of recurrence in 18.

A second important phase II trial appearing in 
1999 by Stamatis and colleagues6 employed three 
cycles of cisplatin (60 mg/m2) and etoposide 
(150 mg/m2) followed by one cycle of concurrent 
hyperfractionated accelerated radiotherapy (45 Gy) 
and chemotherapy with the same agents at lower 
doses. Among the N3 histologically proven patients, 
only those32 without supraclavicular or scalene 
adenopathy were enrolled. The authors’ purpose 
was to identify stage IIIB subgroup with better 
long-term prognosis. Repeat mediastinoscopy 
was performed after induction therapy and only 
patients with negative results proceeded to surgery. 
Major overall toxicity after the induction protocol 
was seen in 19.6% of patients with a 1.7% mortality 
rate. The complete resection rate was 48%.

As in the SWOG study, Stamatis and coworkers 
approached these patients by standard thoracot-
omy without any surgical exploration of the con-
tralateral mediastinum. However, all former N3 
patients had negative mediastinoscopy prior to 
surgery. The complex induction treatment proto-
col may have infl uenced the high postoperative 
complications rate (47%) observed, but it didn’t 
strongly modify surgical mortality (2.9%). Sur-
vival rate of N3 patients at 5 years after operation 
was 28%. Long-term survival appeared possible 
in originally N3 patients with limited extension 
of the primary tumor (T1-2). As in the SWOG 
study, in the fi rst part of this experience, a sig-
nifi cant number of early brain metastases was 
noted. The addition of prophylactic cranial irra-
diation to the protocol reduced the incidence of 
cerebral metastases from 46% to 9%.
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Another German trial43 was published in 1999 
including 15 N3 patients submitted to a complex 
and aggressive regimen. Chemotherapy (two 
cycles of ifosfamide, carboplatin, and etoposide) 
and subsequent radiotherapy (45 Gy, twice daily 
1.5 Gy) concurrent with chemotherapy (carbopla-
tin and vindesine) were administered. The inten-
sive chemoradiotherapy regimen in this study 
signifi cantly increased tumor regression rate 
(41% after chemotherapy alone and 69% after the 
complete chemoradiotherapy course), but critical 
toxicity was registered with a 9% mortality rate. 
Results for the sole N3 group were not reported 
in detail, but the overall median survival after 
surgery for stage IIIB (20 patients) of 17 months 
did not show signifi cant differences with that of 
stage IIIA (25 months). Patients experiencing a 
90% degree of pathologic tumor regression were 
most likely to achieve long-term survival.

A phase II study by Grunenwald and associ-
ates32 has reported some innovative aspects, espe-
cially for the surgical approach to N3 disease. 
Induction regimen included two cycles of cis-
platin, 5-fl uoruracil (5-FU), and vinblastine com-
bined with 42 Gy of concurrent accelerated 
twice-daily radiotherapy. Nineteen mediastinos-
copy proven N3 patients were enrolled. Complete 
disappearance of mediastinal lymph node involve-
ment (N2/N3) was observed in 30% of patients. 
The operation was performed through a median 
sternotomy, and a complete bilateral mediastinal 
lymphadenectomy was carried out. Pneumonec-
tomy was performed in 60% (18/29) of the patients 
with systematic bronchial stump protection by 
the omentum harvested using a small downwards 
extension of the midline skin incision. The 
reported complication rate was 24%, there was a 
7% mortality rate, and the mean postoperative 
in-hospital stay was 20 days. Survival at 5 years 
was 17% for all N3 patients, including nonsurgi-
cally treated patients. However, signifi cant sur-
vival improvement was observed when considering, 
in the whole study population (all stage IIIB), the 
partial responders with postinduction N0-1 status 
who were submitted to surgery (47% at 5 years). 
In this series, all 4 patients with histological com-
plete response to treatment were not alive at the 
time of publication, suggesting also that adequate 
locoregional control may be not suffi cient in 
achieving complete tumor sterilization.

The Massachusetts General Hospital group44 
focused on another aspect of induction therapy: 
the search of the best way of delivering radio-
therapy. In association with cisplatin, vinblas-
tine, and 5-FU, preoperative radiotherapy was 
administered with two levels of radiation doses: 
45 Gy in 25 fractions for 5 weeks to the initial 
volume (gross tumor plus adjacent lymph node–
bearing region) and 44 to 60 Gy to the gross tumor 
including involved lymph nodes by using boost 
radiation for a dose of 9 to 15 Gy during chemo-
therapy. This algorithm was employed in 20 N3 
and 5 T4 patients, 13 of whom (52%) underwent 
resection. No mention was made about surgical 
exploration of the contralateral mediastinum. 
The reported 3-year survival reached 54%.

Recently, a Dutch prospective phase II multi-
center trial33 has appeared investigating the role 
of surgery as a part of combined modality treat-
ment in association with chemotherapy. Surgery 
plus chemotherapy was compared with radio-
therapy plus chemotherapy, and the diagnostic 
value of postinduction repeated mediastinoscopy 
was analyzed. Histologically proven N3 patients 
were included in an overall study population of 
41 patients and submitted to three courses of 
neoadjuvant gemcitabine/cisplatin chemother-
apy. Four patients stopped the treatment after the 
fi rst two cycles. Forty-eight percent of the N3 
patients underwent resection after response to 
therapy. Survival in the whole study population 
did not show a signifi cant advantage with a 
15% survival rate at 3 years. Median survival 
of patients experiencing partial or complete 
response who were submitted to surgery was 21.5 
months. There were equal incidences of local and 
distant recurrences as cause of death. Postinduc-
tion repeat mediastinoscopy proved to be an 
ineffective restaging tool because of the high 
number of incomplete procedures (40%) and the 
false-negative rate (28.6%).

Other interesting studies have dealt with the 
issue of induction therapy in stage IIIB9,31,45 in the 
last years, but each of them includes a limited 
number of N3 surgically treated patients, so that 
data emerging by these experiences do not still 
provide meaningful indications in this setting. 
The results of phase II trials including operated 
N3 patients after induction therapy are reported 
in Table 15.1.



15. Resection for Patients Initially Diagnosed with N3 Lung Cancer after Response to Induction Therapy 133

TA
BL

E 
15

.1
. 

Ph
as

e 
II 

tr
ia

ls 
of

 in
du

ct
io

n 
th

er
ap

y 
pl

us
 su

rg
er

y 
in

cl
ud

in
g 

N3
 N

SC
LC

 p
at

ie
nt

s.

 
Pa

tie
nt

s 
N3

 
In

cl
us

io
n 

In
du

ct
io

n 
Re

sp
on

se
 

Re
se

ct
io

n 
Co

m
pl

et
e 

De
rio

pe
ra

tiv
e 

Op
er

at
iv

e 
Su

rv
iv

al
 

N3
Re

fe
re

nc
e 

(O
ve

ra
ll)

 
Pa

tie
nt

s 
ci

rt
er

la
 

th
er

ap
y 

ra
te

 
ra

te
 

re
se

ct
io

n 
m

or
ta

lit
y 

m
or

ta
lit

y 
(o

ve
ra

ll 
III

B)
 

su
rv

iv
al

Ch
oi

45
 

25
 

16
 

N3
 

Ci
sp

la
tin

 +
 5

-F
U 

65
%

 
56

%
 

52
%

 
– 

– 
61

%
 (2

 ye
ar

) 
–

 
 

 
T4

 
 

+ 
ve

lb
an

 
 

 
 

 
 

+ 
RT

 (6
0 

Gy
)

Ri
ce

46
 

45
 

 8
 

N2
, N

3 
Ci

sp
la

tin
 +

 p
ac

lit
ax

el
 

53
%

 
89

%
a  

71
%

 
20

%
 

5%
 

17
%

 (2
 ye

ar
) 

–
 

(1
0 

III
B)

 
 

T4
 (e

xc
ep

t 
 

+ 
RT

 (3
0 

Gy
)

 
 

 
 

pl
eu

ra
l

 
 

 
 

ef
fu

sio
n)

St
am

at
is6  

58
 

32
 

M
ed

la
st

in
al

 
(C

isp
la

tin
 +

 V
P-

16
) ×

 3
 

61
%

 
59

%
 

48
%

 
47

%
 

 
5.

8%
 

26
%

 (5
 ye

ar
) 

28
%

 (5
 ye

ar
)

 
 

 
N3

 
 

+ 
(C

isp
la

tin
 +

 V
P-

16
)  

 
 

 
 

 
C.

R.
: 4

3%
 

 
 

T4
 

 
× 

1 
+ 

RT
 4

5 
Gy

) 
 

 
 

 
(5

-sp
)

SW
OG

10
 

51
 

27
 

N3
 

(C
isp

la
tin

 +
 V

P-
16

) ×
 2

 
78

%
 

63
%

 
52

%
 (N

3)
 

26
%

 
 

5.
2%

 
22

%
 (8

 ye
ar

) 
–

 
 

 
T4

 (e
xc

ep
t 

 
+ 

RT
 (4

5 
Gy

)
 

 
 

 
pl

eu
ra

l
 

 
 

 
ef

fu
sio

n)
Th

om
as

45
 

54
 

15
 

N2
, N

3 
Ifo

st
 +

 c
ar

bo
pl

. +
 V

P-
16

  
69

%
 

74
%

a  
63

%
 

 
17

.5
%

 
 

7.
5%

 
26

%
 (3

 ye
ar

) 
–

 
(2

9 
III

B)
 

 
T4

 
 

× 
3 

+ 
(C

ar
b 

+ 
Vi

nd
es

in
)  

 
 

 
 

 
17

 m
 

 
 

 
 

+ 
45

 G
y 

RT
 

 
 

 
 

 
(m

ed
ia

n)
Gr

un
en

w
al

d32
 

40
 

19
 

M
ed

la
st

in
al

 
(C

isp
la

tin
 +

 5
-F

U 
  

73
%

 
58

%
 

50
%

 
24

%
 

7%
 

Re
s:

 2
8%

 
17

%
 (5

 sp
)

 
 

 
N3

 
 

+ 
Vi

nb
la

st
in

e)
 ×

 2
  

 
 

 
 

 
C.

R.
: 3

5%
 

 
 

T4
 

 
+ 

RT
 (4

2 
Gy

)
Pl

tz
33

 
41

 
21

 
N3

 
(C

isp
la

tin
 +

 G
em

ci
ta

bi
ne

)  
88

%
 

50
%

 
25

%
 

30
%

 
5%

 
15

%
 (3

 y
ea

r) 
Re

s N
2-

3:
 

 
 

T4
 

 
× 

3 
 

 
 

 
 

Re
s:

 2
1.

5 
m

 
17

.5
 m

 
 

 
 

 
 

 
 

 
 

(m
ed

ia
n)

 
(m

ed
ia

n)
Ic

hi
no

se
9  

27
 

 7
 

N3
 

LF
T 

+ 
Ci

sp
la

tin
 

93
%

 
81

%
 

77
%

 
36

%
 

4%
 

58
%

 (3
 ye

ar
) 

–
 

 
 

T4
 

 
+ 

RT
 (4

0 
Gy

) 
 

 
 

 
 

Re
s:

 6
7%

 
 

 
 

 
 

 
 

 
 

(3
 ye

ar
)

Ab
br

ev
ia

tio
ns

: C
.R

., 
co

m
pl

et
el

y 
re

se
ct

ed
; R

es
: r

es
po

nd
er

s.
a III

A 
an

d 
III

B.



134 A. D’Andrilli et al.

Because investigation in this fi eld is currently 
active, progressive adjustments and refi nements 
have been proposed in the choice of the most 
effective drugs and the best way of delivering 
radiotherapy. Therefore, the optimal induction 
regimen has yet to be identifi ed. Most of the pub-
lished phase II trials utilized second generation 
chemotherapy generally based on cisplatin, a 
vinca alkaloid, and etoposide. Meta-analysis 
have indicated that the chance of survival 
increases when a platinum-based regimen is 
used.46,47

15.3.2. New Multimodality Regimens

A number of new agents, tested in clinical trials 
not including surgical resection, more recently 
have been introduced in neoadjuvant protocols. 
In particular, paclitaxel has shown a potent 
radiosensitizer effect. Gemcitabine, an antime-
tabolite that functions as an inhibitor of ribonu-
cleoside reductase, has been shown to yield 
response rates of 20% to 30% when used as a 
single agent and of 58% to 60% when employed 
in combination with cisplatin.5 A synergistic 
anti-tumor activity of the cisplatin has been 
shown also in combination with other drugs, 
such as 5-FU, with a response rate up to 74%, 
although 5-FU alone is thought to be inactive 
against non-small cell lung cancer (NSCLC).31

Concerning the choice of the best way of 
administering irradiation, indications have to be 
determined by phase III trials not including 
surgery. There are still no convincing data sup-
porting the clinical benefi ts of altered fraction-
ation modalities, such as hyperfractionated (two 
or more fractions daily) or continuous hyperfrac-
tionated accelerated radiotherapy (CHART), in 
combination with chemotherapy if compared 
with standard radiotherapy.4,48 There is only one 
phase III trial showing superior results for 
CHART without chemotherapy with respect to 
standard radiotherapy, but the logistics of three 
treatments daily have not proven to be 
acceptable.49,50

Results of phase II trials have pointed out that 
the administration of multidrug chemotherapy 
and multimodality protocols, including radio-
therapy preoperatively, is able to achieve higher 
clinical and pathological response rates.6,32,33 

Response rates (reported for all stage IIIB 
patients) seem to be similar in almost all the 
studies reported, and range between 61% and 
78%. The 93% rate registered by Ichinose and 
collegues9 is justifi ed, as explained by the authors, 
by the more restrictive inclusion criteria adopted. 
The complete response rate for N3 is specifi cally 
mentioned only in the SWOG study (52%). The 
complete histological response generally varies 
between 10 % and 15%; however, in the Stamatis 
trial,6 based on a heavy chemoradioterapy 
regimen, the complete histological response rate 
increased up to 30%.

15.3.3. Effects of Nodal Downstaging

Maximal downstaging after induction therapy 
has been advocated in main experiences as the 
strongest predictor of survival in N3 and all stage 
IIIB patients undergoing surgical resection. 
Several authors have reported, as expected, a 
prominent prognostic signifi cance of lymph node 
status after induction treatment. In the study by 
Choi and collegues,51 the degree of lymph node 
downstaging showed a direct relation to survival 
benefi t because the 5-year survivals were 79%, 
42%, and 18% for postoperative tumor stages 0/I, 
II, and III, respectively. In the SWOG experi-
ence,10 the most signifi cant predictor of long-term 
survival after thoracotomy was the absence of 
tumor in the mediastinal nodes (3-year survival, 
44% vs. 18%). Stamatis6 reported a 4-year sur-
vival of 38% and 15% in postinduction N0/N1 
and N2/N3 patients, respectively. Also in the 
French study,32 postinduction completely resected 
N0-1 patients showed a 5-year survival of 42%, 
while postinduction N2-3 patients who under-
went complete resection reached only a 12% sur-
vival rate at 5 years.

Altogether, all these prognostic evidences 
support the principle that admission to surgery 
after neoadjuvant therapy in advanced stage 
lung cancer, such as N3, has to be strictly limited 
to those patients who show a major clinical 
response. In the German trial,6 only those N3 
patients were operated in whom initially involved 
nodes were without evidence of residual cancer 
at repeat mediastinoscopy or if not more than 
one initially involved ipsilateral node remained 
positive.
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15.3.4. Effects of Tumor Sterilization

The impact on prognosis of residual viable neo-
plastic cells in the primary tumor has not been 
completely clarifi ed. In German Lung Cancer 
Cooperative Group study,43 tumor regression of 
more than 90% appeared related to a signifi cantly 
improved survival in the completely resected 
(R0) group of patients (3-year survival, 56% vs. 
11%). Conversely, in the other German trial,6,52 no 
difference in survival was found between resected 
patients assessed to have pathological complete 
response versus those with persistent viable 
tumor. It is still object of controversy whether 
pathological complete disappearence of tumor at 
the primary site has to be interpretated also as a 
predictor of responsiveness of distant microme-
tastases, determining an impact on long-term 
survival. In some authors’ opinion,6,52 especially 
when radiotherapy is added to preoperative che-
motherapy, pathological complete regression at 
thoracotomy has only to be seen as the effect of 
the aggressive local treatment on the primary 
tumor and may no longer indicate superior effi -
cacy in systemic control of the disease.

15.3.5. Treatment-related Morbidity 
and Mortality

Increasing complexity and aggressiveness of the 
induction regimens with the aim of maximal 
loco-regional control may have played a role in 
treatment-related morbidity. Although overall 
toxicity is generally acceptable with rates ranging 
between 4%10,37 and 10%,33 in some heavy multi-
modality regimens this incidence has proven 
defi nitely higher. In the Stamatis trial,6 19% of 
the patients had major toxicity that precluded 
further treatment and 9% refused to follow the 
protocol.

Furthermore, in many reports, the use of neo-
adjuvant therapies has produced increased 
postoperative complications and mortality rates. 
High rates of non–cancer-related deaths (20%–
26%) have been reported by Grunenwald,32 
Albain,10 and Eberhardt,52 often associated with a 
critical incidence of acute distress syndrome or 
pneumonitis, if compared with standard resec-
tions without preoperative treatment. In particu-
lar, when also radiotherapy is administered, it 

has been frequently documented as a more 
evident impact on surgical morbidity, often asso-
ciated with considerable intraoperative technical 
problems. Several studies have suggested that 
preoperative chemoradiotherapy may strongly 
promote bronchial stump insuffi ciency with a 
consequent increased incidence of broncho-
pleural fi stulas up to 23%.53 Postoperative mor-
tality in Fowler’s experience53 has exceeded 20%.

Pneumonectomy, and especially right-side 
pneumonectomy, have produced more signifi cant 
worsening of morbidity and mortality rates in 
several postinduction surgical series.53,54 More-
over, also the occurence of a bronchial stump 
dehiscence has been more frequently observed 
after right pneumonectomy.53 A signifi cant reduc-
tion of broncho-pleural fi stulas rates has been 
shown in some recent issues32,55 performing 
bronchial reinforcement by viable tissue, princi-
pally with muscle or omentum. However, in other 
experiences56,57 the appearence of fi stulas in spite 
of bronchial stump coverage, especially when 
intercostal muscle is used, provides no complete 
evidence of effi cacy to these procedures after 
induction therapy. Mainly when radiotherapy is 
performed, the tissues employed for the fl ap may 
be deteriorated by the oncological therapy, espe-
cially if included in the irradiation fi eld. In some 
authors’ opinion,6 the introduction of twice-daily 
radiotherapy is a possible mean to shorten radia-
tion duration, and, thus, leads to reduced devel-
opment of fi brosis at the moment of surgery.

The strong impact on toxicity and surgical 
complication of the aggressive currently employed 
three modality treatments has indicated that 
enrolment in these protocols should be strictly 
limited to patients with good performance status 
(0–1) and minimal weight loss.

15.3.6. Impact of Extended Resections

It is now evident that major clinical response to 
therapy is mandatory to select patients with orig-
inal N3 disease suitable for surgical resection. 
However, the slender data present in literature 
have still not clarifi ed whether, after an intensive 
preoperative downstaging, the extension of the 
surgical resection can be confi ned to the primary 
lung tumor and the ipsilateral mediastinum or 
has to include the contralateral mediastinal nodes.
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In the Grunenwald trial,32 the authors advo-
cated the need for extended procedures, includ-
ing routine bilateral lymphadenectomy, for 
postinduction surgery. This choice was based on 
the principle that all the originally involved tissue 
should be  removed despite restaging that showed 
complete disappearance of disease in mediasti-
nal lymph nodes. In the Essen group experience,6 
employement of invasive mediastinal restaging 
by repeat mediastinoscopy was indicated as an 
effective method to avoid such extended resec-
tions. In the latter study, the low mediastinal 
relapse pattern observed in initially N3 patients, 
proved, in the authors’ opinion, that standard 
procedures without bilateral lymphadenectomy 
may be suffi cient after negative preoperative 
rebiopsy of the contralateral nodes.

Pneumonectomy is reported to be necessary to 
achieve complete tumor clearance in a high rate 
of patients, exceeding 40% in several series,6,9,32,43 
and this requirement further increases the risk for 
morbidity. In our previous experience,58 we have 
shown that operations such as bronchovascular 
reconstruction not only are technically feasible 
after induction therapy, but also carry a lower 
morbidity and comparable long-term survival 
when compared with pneumonectomy in this 
setting. Complex surgical interventions, includ-
ing sleeve resections or extended resections to the 
carina, the superior vena cava, the left atrium, the 
esophagus, and the vertebral bodies, have been 
performed in many of the series reported in this 
chapter6,9,32,43 with a high incidence ranging from 
40% to 88%, and the related surgical mortality did 
not show a signifi cant worsening.

15.4. Conclusions

The results of the phase II studies suggest that 
therapeutic nihilism when confronted by N3 and 
stage IIIB NSCLC may partially be overcome. 
Investigators have to consider that, in selected 
series, surgery associated with currently avail-
able chemoradiotherapy may prove able to cure a 
meaningful rate of patients, which is a better rate 
than that obtained without surgery (level of 
evidence 2-; grade of recommendation D). This 
could be partially explained by the more restric-
tive selection criteria applied by these aggressive 

protocols. Because the long-term survival 
improvement may average about 10% if com-
pared with historical controls without surgery, 
future comparative analyses are awaited to assess 
whether this advantage could be confi rmed in a 
randomized study.

Resection in combination with currently 
available chemoradiotherapy may prove able 
to cure a meaningful number of patients with 
N3 NSCLC, which is a better rate than that 
obtained without surgery (level of evidence 
2–; grade of recommendation D).

Invasive preoperative explorations are recom-
mended in order to achieve a more accurate 
selection of patients for resection after induc-
tion therapy (level of evidence 2++; grade of 
recommendation B).

In well-identifi ed subgroups, such as 
patients with mediastinal downstaging to 
N0-1 status, the benefi ts of surgery are more 
signifi cant (level of evidence 2+; grade of 
recommendation C).

Although prospective, randomized trials have 
not yet reported and surgery cannot be recom-
mended at the moment as a standard of care, 
some convincing indications can be acquired by 
the published experiences, and the data actually 
available may help to defi ne precise guidelines 
for future phase III trials. The fi rst evidence is 
that accurate preoperative staging and restaging 
is mandatory. Direct biopsy procedures, mainly 
by means of mediastinoscopy, have proved supe-
rior to all other conventional diagnostic methods 
in assessing the presence of N2/3 disease, both in 
the staging and in the restaging setting. There-
fore, at the present time, invasive preoperative 
explorations can be recommended in order to 
achieve a more accurate selection of patients 
for such heavy therapeutic protocols (level of 
evidence 2++; grade of recommendation B). The 
second is that in well-identifi ed subgroups, such 
as completely resected patients showing a 
mediastinal downstaging to N0-1 status, the ben-
efi ts of surgery are more signifi cant (level of 
evidence 2+; grade of recommendation C).
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Multi-institutional studies appear necessary 
to confi rm in larger series the clinical evidences 
observed. Moreover, there are other questions 
that still remain open: they regard the need of 
extending the surgical resection to the contralat-
eral mediastinum after high response to treat-
ment, and the choice of the most appropriate 
induction regimen. Both questions can only be 
clarifi ed by further controlled studies.
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Video-Assisted Thorascopic Surgery 
Major Lung Resections
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wound to a completely minimally invasive 
approach with no rib spreading and use of only 
thoracoscopic techniques. In interpreting studies 
of VATS lobectomy, careful review of the Methods 
section usually sheds light as to the nature of the 
operation performed. This needs to be taken 
into account when evaluating the evidence and 
forming conclusions.

16.1. Summary of Evidence

The literature published to date on VATS lobec-
tomy or major lung resections is scant and largely 
of a low grade on the evidence scale. A few authors 
from various centers around the world are 
responsible for the majority of studies and a large 
share of the data is in the form of case series (level 
of evidence 4).

16.1.1. Randomized, Controlled Trials

Few randomized, controlled trials (RCTs) exist 
in this area (Table 16.1). Of the three published 
trials comparing open to VATS lobectomies, two 
examine clinical outcomes and one investigates 
biochemical markers.4,5 The fi rst and most well-
known RCT was published by Kirby and col-
leagues.4 They randomized 61 patients with 
clinical stage I non-small cell lung cancer 
(NSCLC) to undergo lobectomy by VATS (31 
patients) or muscle-sparing thoracotomy (30 
patients). The VATS were performed without rib 
spreading. One patient in the open group and two 
patients in the VATS group had benign disease 

The earliest reports of minimally invasive lobec-
tomies were published more than a decade ago.1,2 
The reaction to this development was summa-
rized by the results of an opinion survey con-
ducted of members of the General Thoracic 
Surgery Club in 1997.3 The results showed that 4% 
of surgeons deemed video-assisted thorascopic 
suegery (VATS) major lung resections preferable 
to thoracotomy, 15% deemed it acceptable, 45% 
viewed it as an investigational procedure, and 
36% thought it was unacceptable. The reasons are 
manifold. Perhaps most importantly, because 
lung cancer is the most common indication for 
performing lobectomy, the question of adequacy 
of the operation in satisfying surgical oncologic 
principles remains a hurdle in many surgeons’ 
minds. The main considerations, therefore, in 
assessing whether to perform a minimally inva-
sive lobectomy are adequacy as a cancer opera-
tion (as manifested by equivalent survival), safety 
in terms of complications and mortality, relative 
cost (including intraoperative and length-of-stay 
considerations), and benefi ts for the patients in 
terms of decreased pain and improved quality of 
life.

The defi nition of a VATS major lung resection 
can be problematic, or at least vague. For the pur-
poses of this chapter, major lung resection is 
defi ned as an anatomical lung resection, segmen-
tectomy, lobectomy, or pneumonectomy. The dif-
fi culty in the defi nition comes in defi ning the 
VATS component. In the literature, VATS lobec-
tomy is a term used to describe a spectrum of 
operations from mini-thoracotomy with rib 
spreading and direct visualization through the 



16. Video-Assisted Thorascopic Surgery Major Lung Resections 141

and were excluded from analysis. In addition, 
three patients in the VATS group required con-
version to thoracotomy and were also excluded 
from the analysis, leaving 30 in the open and 25 
in the VATS groups. There were few differences 
between the groups. The incidence of postopera-
tive complications was less in the VATS group (6 
vs. 16). There were no signifi cant differences in 
operating time, blood loss, duration of chest tube 
drainage, length of hospital stay, and incidence 
of disabling post-thoracotomy pain (2 in the open 
vs. 1 in the VATS group).

The other RCT comparing clinical outcomes 
between open and VATS lobectomy was pub-
lished by a Japanese group.5 Sugi and colleagues 
randomized 100 patients with clinical stage Ia 
lung cancer to open (52 patients) or VATS (48 
patients) lobectomy and mediastinal lymph node 
dissection. The additional two patients in the 
open group were conversions from VATS and 
were analyzed in the open group. There were no 
signifi cant differences in the recurrence rates or 
survival. The reported 3- and 5-year survivals 
were 93% and 85% in the open group and 90% 
and 90% in the VATS group, respectively. This is 
the only RCT examining survival differences 
between VATS and open lobectomies.

A study comparing acute phase responses ran-
domized 22 patients to VATS and 19 patients to 
open lobectomy.6 They used a non–rib spreading 
technique and all patients had mediastinoscopy 
preoperatively. Blood samples were taken preop-
eratively and at various times in the fi rst week 
after surgery. Both operations increased acute 
phase response markers, but VATS was associ-

ated with lower rises in C-reactive protein (CRP) 
and interleukin (IL)-6.

A fi nal RCT was performed comparing com-
plete VATS (c-VATS) to assisted VATS (a-VATS).7 
Effectively, they compared a non–rib spreading 
approach (c-VATS, 18 patients) to a mini-
thoracotomy approach with rib spreading (a-
VATS, 16 patients). The authors found signifi cantly 
shorter length of stay (11 vs. 15 days), longer opera-
tion times, less blood loss, and lower serum markers 
(CRP, white blood cells) in the c-VATS group.

16.1.2. Case Control Studies

A number of case control studies examining a 
variety of outcomes have been performed on 
VATS major lung resections (Table 16.2). Two 
studies investigating the effects of VATS lobecto-
mies in high-risk patients have been performed.8,9 
A Japanese case control study done with patients 
80 years of age or older, with 17 VATS cases and 
15 open controls, showed no signifi cant differ-
ence in survival or complications with trends 
favoring the VATS group.8 Demmy performed a 
case control study comparing VATS lobectomy 
patients to matched controls who had open 
surgery.9 Video-assisted thorascopic surgery 
was only offered to patients who were deemed 
high risk based on either poor pulmonary 
function tests (PFTs) or poor function. There 
were 19 patients in each group. Despite having 
higher risk patients, the VATS group had a shorter 
length of stay, a quicker return to activity, and 
less pain at 3 weeks postoperatively than the open 
group.

TABLE 16.1. Randomized control trials of VATS major lung resections.

Study Year Level of evidence Patients Outcomes Results Comment

Kirby4 1995 1b 25 VATS  LOS, OR time, Less complications Stage I tumors, 3
   30 open   complications   in VATS, no other   VATS excluded
       differences   due to conversion
Sugi5 2000 1b 48 VATS Survival, recurrences No differences All patients had
   52 open       MLND
Craig6 2001 1b 22 VATS Acute phase  Lower CRP and 
   19 open   reactants   IL-6 in VATS
Shigemura7 2004 1b 18 complete OR time, LOS, pain, Longer OR, shorter  Complete VATS –
   VATS   complications,   LOS, lower CRP   no spreading
   16 assisted   markers   with complete
   VATS

Abbreviations:  VATs, video assisted thoracic surgery; LOS, length of stays; OR, operating room; CRP, C-reactive protein; IL-6, interleukin 6; MLND, 
mediastinal lymph node dissection.
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A similar study by the same author evaluated 
patient independence after discharge.10 Twenty 
VATS lobectomies were matched to 38 open con-
trols. There were similar numbers of complica-
tions between the groups, but shorter hospital 
stays (4.6 vs. 6.4 days), fewer prolonged pain com-
plaints, and fewer transfers to care facilities in 
the VATS group.

A number of other case control series examin-
ing pain, changes in PFTs, nocturnal hypoxemia, 
and various markers of infl ammation have been 
performed and are summarized in Table 16.2.11–15 
They generally favored VATS approaches, but 
the selection of controls was problematic. For 
example, in one study of cytokines before and 
after surgery, the control group as made up of T2 
tumors and the VATS cases were T1.12

16.1.3. Case Series

There are numerous case series published, many 
of which have been updated, refl ecting the 

ongoing experience of the authors, follow-up of 
patients, and modifi cations in technique. The 
series with more than 100 patients are reviewed 
in Table 16.3 and discussed below.

Roviaro and colleagues from Milan have been 
publishing their experience with VATS for major 
lung resections since 1993.1 Their most recent 
update looked at their 11-year experience with 
344 patients (278 with NSCLC, 6 metastases, 68 
benign) that went to surgery for VATS major 
resection. In patients with lung cancer, their 
indications were clinical stage I with peripheral 
tumors less than 3 cm in diameter.16 Their tech-
nique does not use rib spreading and involves 
three to four incisions with the largest being 5 cm 
for withdrawal of the specimen. They performed 
259 procedures with a 23% conversion rate to tho-
racotomy. The global 5-year survival was 68.9% 
and for stage Ia (T1N0M0) the 5-year survival was 
75%. They had 2 deaths and 20 complications.

Two recent case series have been published 
from different centers in Japan.17,18 Iwasaki pub-

TABLE 16.2. Case control series of VATS major lung resections.

Study Year Level of evidence Patients Outcomes Results Comment

Demmy9 1999 3b 19 VATS LOS, return to All favor VATS High-risk pts, 3 deaths
   19 open   activity, pain      in VATS, 1 in control
        
Koizumi8 2003 3b 17 VATS Complications, Trend favors VATS Pt age >80
   15 open   survival   
Demmy10 2004 3b 20 VATS Discharge Shorter LOS, less  Groups well matched
   38 open   independence,   pain, fewer   
      LOS   transfers to
       care facilities
Kawai11 2005 4 10 VATS Nocturnal Less hypoxemia at Open were >2-cm,
   11 open   hypoxemia   POD 14 with   VATS were <2-cm
      POD 3 and 14   VATS  
       
Nagahiro12 2001 4 13 VATS PFTs, pain, cytokines Less pain, lower  Open were T2, VATS 
   9 open      IL-6 in VATS   were T1
       
Nakata13 2000 4 10 VATS PFTs, early and late PFTs better for Selection of controls 
   11 open      VATS pod 7, no    ill-defined,  
       change at 1 year   spreading used
          
Yim14 2000 4 18 VATS Cytokines, analgesic IL-6, IL-8, IL-10 Controls were initially 
   18 open   requirement   lower and less IV   attempted VATS
         narcotic in VATS   
Kaseda15 2000 4 44 VATS PFTs 3 months PFT changes and  Historical controls not 
   77 open   post-op, survival   stage I survival    well defined
         better for VATS

Abbreviations:  VATs, video assisted thoracic surgery; LOS, length of stays; OR, operating room; CRP, C-reactive protein; IL-6, interleukin 6; MLND, 
mediastinal lymph node dissection; POD, postoperative day; IL-8, interleukin 8; IL-10, interleukin 10; PFTs, pulmonary function tests.
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lished their experience with 140 procedures (100 
lobectomies, 40 segmentectomies).17 Their tech-
nique did not involve rib spreading and their 
indications were clinical stage I disease with 
peripheral tumors less than 3 cm. They reported a 
5-year survival of 77.3% for the VATS patients, 
with 80.9% for stage I and 70.3% for stage II tumors.

The other Japanese case series involved 106 
patients, 95 of whom had a VATS procedure and 
the other 11 of whom were converted to thora-
cotomy (10% conversion rate).18 Their main indi-
cation was clinical stage I, and tumor size was not 
a criterion. Their technique involved the use of a 
mini-thoracotomy and rib spreading. They 
reported a 3-year survival of 93%, but only 
included the 82 patients for whom they had 
follow-up data from more than 6 months.

A series published from Edinburgh, Scotland, 
of 178 patients with clinical stage I or II lung 
cancer and tumors less than 5 cm with the use of 
a non–rib spreading method, reported a conver-
sion rate of 11%.19 There were two deaths within 
30 days of surgery, both after discharge. One was 
from pulmonary embolism and the other an 

adrenal infarct. No patients were lost to follow-up 
and the 5-year survivals were 77.9%, 51.4%, and 
28.6% for stages I, II, and III, respectively.

Another series from Italy reported on 125 cases 
of which 112 went on to have VATS resections 
(10% conversion).20 Their indications were clini-
cal stage I for NSCLC, solitary metastasis, or 
carcinoid tumors. They used a non–rib spreading 
method and reported a complication rate of 11.6% 
with no deaths. In the patients who had NSCLC 
(86 patients), the 3-year survival was 85% and in 
the 72 patients with stage I it was 90%.

Yim and colleagues from Hong Kong published 
their series of 266 patients with tumors less than 
5 cm for whom they attempted VATS resections.21 
They converted to thoracotomy 19% of the time 
and completed 214 VATS major lung resections. 
A rib spreader was used. They reported a 22% 
incidence of nonfatal complications, 1 postopera-
tive death, and 93% of patients alive at 2 years.

In the largest series of completed VATS major 
lung resections, McKenna and colleagues reported 
a multi-institutional experience of 317 patients 
for whom they performed 298 procedures with a 

TABLE 16.3. Case series of VATS major lung resections (level 4 evidence).

Study Year Patients (ITT) Technique Survival LOS days Comment

Roviaro16 2004 259 (344) No spreading 5 year 68.9 5 78 (23%) conversions, 2
        deaths
Iwasaki17 2004 140 No spreading 5 year 77.3% NR 100 lobes, 40 segments
    I 80.9%
    II 70.3%
Ohtsuka18 2004  95 (106) Spreading 3 year 93% 7.6 Survival in only 82
        patients, 1 death, 10%
        conversion
Walker19 2003 158 (178) No spreading 5 year 6 1.8% 30-d mortality, 11%
    I 77.9%    conversion
    II 51.4%
Gharagozloo24 2003 179 Simultaneous 5 year 83% 4.1 1 death
     stapling, no
     spreading
Solaini20 2001 112 (125) No spreading 3 year 85% 6.2 Survival in 86 patients
    I 90    with NSCLC, 10%
        conversion
Lewis23 1999 250 Simultaneous 3 year 83% 2.8 About half of patients
     stapling, no     were stage II
     spreading
Yim21 1998 214 (266) Spreading 2 year 93% NR 1.8% 30-d mortality, 19%
        conversion
McKenna22 1998 298 (317) No spreading 4 year 5.1 1 death, 6% conversion
    I 70%
    1II 65%
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conversion rate of 6%.2 Their indications were 
stage I or II lung cancer with tumors smaller than 
6 cm. They reported complications in 38 patients 
(12.4%) and 1 mortality due to venous mesenteric 
infarct (0.3%). Mean follow-up was 29 months 
and the reported 4-year survival was 70% for 
stage I patients. However, there was no compari-
son thoracotomy group. They also reported one 
recurrence at a VATS port site simultaneous with 
appearance of bone metastases in that patient.

Finally, two independent series using forms of 
simultaneous stapling have been published.23,24 
This technique involves no rib spreading, but 
variations on stapling the bronchus and vascular 
structures together without formal dissection. 
Lewis reported a complication rate of 11.2% and 
3-year survival of 83%.23 Of note, almost half of 
the patients were stage II. Gharagozloo reported 
179 patients with a 5-year survival of 83%.24 They 
performed 29 right upper and middle bilobecto-
mies (16%) in the series. This high number was 
performed as a conscious decision after some 
early recurrences in the N1 nodes between upper 
and middle lobes.

16.2. Clinical Impact of Data

As detailed above, the bulk of the evidence is in 
the form of case series and case control studies 
with few published RCTs. By synthesizing the 
data we conclude the following:

• Video-assisted thorascopic surgery lobectomy 
can be performed safely with equivalent mortal-
ity and complication rates to open lobectomy. 
This is based on the results of two small RCTs 
and a number of case control trials and case 
series (recommendation grade C).4,5,8–10,15–24

• The survival of patients with stage I lung cancer 
following VATS lobectomy appears equivalent 
to that of patients having open surgery. This is 
based on one small RCT, case control studies, 
and the case series (recommendation grade 
C)5,8,15–24

• Based on case control studies, patients appear 
to experience less pain with VATS. Although 
one RCT did not show this, it was too small to 
draw a conclusion (recommendation grade 
C).4,9,10,12

16.3. Difficult Decisions

Because the published evidence is scant, no defi -
nite recommendations can be made. The reality 
of the situation is that many surgeons are per-
forming the procedure and many patients are 
requesting it. We feel the data supports that VATS 
lobectomy can be performed safely and that the 
survival of early-stage patients appears equiva-
lent to thoracotomy. In terms of the postoperative 
course, although the data is mixed, our experi-
ence has been that VATS patients have less pain 
and shorter hospital stays.

The problems with the prior scientifi c studies 
are numerous. For example, proper methods of 
analyzing the data were not used. Patients requir-
ing conversion from VATS lobectomy to thora-
cotomy were either excluded or included in the 
open group (ignoring a basic premise of RCTs) 
and the intent-to-treat principle, which must 
maintain patients in the group to which they were 
originally assigned. Deviation from this principle 
obscures any subsequent analysis. More impor-
tantly, the numbers designed at the outset of the 
trial were much too small to detect a signifi cant 
difference in survival. The ideal RCT to detect a 
10% difference in survival between the two arms 
with a power of 80% and an α of 0.05 would 

VATS lobectomy can be performed safely with 
equivalent mortality and complication rates 
to open lobectomy (level of evidence 2 to 3; 
recommendation grade C).

The survival of patients with stage I lung 
cancer following VATS lobectomy appears 
equivalent to that of patients having open 
surgery (level of evidence 2 to 3; recommenda-
tion grade C).

Patients appear to experience less pain with 
VATS (level of evidence 2 to 3; recommenda-
tion grade C).

• Length of hospital stay appears similar to open 
procedures. One RCT showed no difference and 
two case control studies suggested it was shorter 
with VATS.4,9,10
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require a total of 385 patients to demonstrate 
superiority.

Differences in indications, technique, and 
extents of lymph node dissection make compar-
ing across studies diffi cult. If one can perform 
the same operation in terms of anatomical dis-
section and lymph node removal as done through 
thoracotomy, then it would seem reasonable to 
use VATS as long as sound oncologic principles 
were practiced. Our practice has been to offer 
VATS lobectomy to patients with clinical stage I 
disease by computed tomography (CT) and posi-
tron emission tomography (PET) scan. Our 
technique uses a 4-cm utility incision with no rib 
spreading, two 2-cm thoracoscopic ports, and 
dissection performed totally under thoracoscopic 
visualization.25 Dissection involves the individ-
ual ligation of hilar structures, an anatomical 
lobectomy, and a mediastinal node dissection or 
sampling. If there is any indication of oncologic 
compromise, a thoracotomy is performed.

Lobectomy remains the standard of care for all 
early lung cancers. The use of simultaneous sta-
pling techniques is probably not warranted. In 
light of the increased number of bilobectomies 
performed by one center, due to the inadequacy 
of their lymph node removals, it would seem that 
this is not the same operation as an open lobec-
tomy. Therefore, our recommendation is that the 
simultaneous stapled technique not be consid-
ered a VATS lobectomy.

16.4. Future Studies

There is certainly a need for further study. A 
large multicenter randomized trial comparing 
open lobectomy to VATS lobectomy should be 
performed. However, the myriad of techniques 
employed by different surgeons would require a 
standardization of the VATS lobectomy tech-
nique and probably standardization in the thora-
cotomy arm as well. Quality-of-life studies with 
validated instruments need to be performed to 
ascertain the impact of VATS. Another interest-
ing avenue of investigation that has been 
embarked on, but requires further study, is the 
use of VATS in higher risk groups to see if they 
fare better. Also, with the recent shift in clinical 
practice to adjuvant chemotherapy for more and 

more of our patients, there may be some addi-
tional benefi t to VATS lobectomy if patients 
are better able to tolerate chemotherapy 
postoperatively.
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solitary cerebral metastasis. Magilligan19 pub-
lished the fi rst series of patients undergoing 
combined resection of a primary NSCLC and a 
synchronous solitary cerebral metastasis in 1976, 
and updated his series in 1986 to include a total 
of 41 patients8 with an overall survival of 55% at 
1 year, 21% at 5 years, and 15% at 10 years. Simi-
larly, Read and colleagues9 reported in 1989 that 
patients with either synchronous or metachro-
nous presentations treated with pulmonary and 
brain resection experienced an overall survival 
of 52% at 1 year, 35% at 2 years, and 21% at 5 
years. Burt and colleagues in 199210 published a 
retrospective analysis of the Memorial Sloan-
Kettering Cancer Center (MSKCC) experience 
with brain metastasectomy, which was later 
updated11 to include 185 patients with NSCLC 
with a median survival of 27 months if the intra-
thoracic disease was resected, and 11 months if it 
was not. This report did not separate synchro-
nous from metachronous presentations. In 1996, 
Mussi and coworkers12 reported that the 5-year 
survival of 19 patients with surgically treated 
synchronous isolated cerebral metastases was 6% 
and of 33 patients with resected metachronous 
brain metastases was 19%. Finally, investigators 
from the Mayo Clinic13 reported in 2001 that 
overall survival of 28 patients who underwent 
resection of synchronous solitary brain metasta-
ses was 64%, 54%, and 21% at 1, 2, and 5 years, 
respectively.

These studies all suffer from the defi ciencies 
common to retrospective studies, most impor-
tantly, patient selection bias. However, taken 
together, these retrospective reports suggest that 

Almost all patients with stage IV non-small cell 
lung cancer (NSCLC) have diffusely metastatic 
disease, and therefore, the standard of care for 
NSCLC is chemotherapy or palliative care. A 
small percentage of patients with newly diag-
nosed and untreated stage IV disease are found 
to have a solitary synchronous site of extratho-
racic disease, and a small number of patients who 
have undergone curative resections of intratho-
racic disease experience metachronous solitary 
extrathoracic recurrences. There have been ret-
rospective case reports or limited series that 
suggest that some such patients may be effec-
tively treated by resection of both the primary 
tumor and the metastasis.1–18 Most of these studies 
have reported patients with cerebral or adrenal 
metastases, although there are reports describ-
ing the surgical management of metastases to 
the small bowel,1–3 spleen,4,5 skeletal muscle, and 
bone.6 Because of these reports, we conducted a 
prospective, single-arm study combining chemo-
therapy and resection of both the primary site of 
disease and of the M1 site. In this chapter, we will 
summarize the retrospective data suggesting that 
there may be a benefi t associated with resection 
of M1 disease, as well as the results of our pro-
spective trial.

17.1. Retrospective Studies of NSCLC 
with M1 Brain

Prior to our prospective study, there had been 
only retrospective reports of patients undergoing 
resection of a primary lung cancer NSCLC and a 
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surgically treated metachronous disease may 
have a better prognosis than synchronous dis-
ease, but overall that if a complete resection of 
the primary site of disease and of the cerebral 
metastasis can be performed, that 1- and 5-year 
survivals of 50% and 10% to 30% may be 
achieved.

17.2. Retrospective Studies of NSCLC 
with M1 Adrenal

Similar to the reports of patients with M1 brain 
disease, prior to our prospective study, there had 
been only retrospective reports of patients under-
going resection of a primary NSCLC and a soli-
tary adrenal metastasis. A retrospective review 
of our experience at MSKCC15 suggests that the 
median survival of patients with isolated adrenal 
metastases treated with chemotherapy alone was 
8.5 months, but the survival of patients treated 
with chemotherapy and surgical resection of the 
primary site and the adrenal metastases was 31 
months. A subsequent review article14 that sum-
marized all the case reports and series to date 
and that included the MSKCC series reported that 
the adrenal metastasis was synchronous in 59%, 
and that the loco-regional (primary tumor) stage 
was stage I in 22%, stage II in 16%, stage III in 
43%, and not specifi ed in 18%. Overall, the 
median survival after resection of all disease was 
24 months and one third of the patients survived 
5 years. Finally, Porte and coauthors20 conducted 
a retrospective review of 43 patients with isolated 
adrenal metastases treated surgically at eight 
institutions over 11 years. The overall survival 
was 29% at 2 years, 14% at 3 years, and 11% at 4 
years. There was no difference in survival between 
patients presenting with synchronous or meta-
chronous disease.

17.3. M1 Lung Cancer: MSKCC 
Prospective Trial

Because of the reports summarized above, we 
have considered patients seen at MSKCC with M1 
disease for surgical resection. In order to assess 
the results attained, we conducted both a retro-

spective review of all patients treated in this 
manner,21 as well as a prospective trial of com-
bined modality therapy for synchronous M1 
disease.22

The retrospective review of all patients at 
MSKCC treated with induction chemotherapy 
and surgery for NSCLC21 during the period of 
1993–1999 identifi ed 43 patients with solitary site 
M1 disease treated with induction therapy and 
surgery. The sites of M1 disease were the brain in 
16, the lung in 9, the adrenals in 7, the bone in 7, 
and the colon, an inguinal node, the spleen, and 
the subcutaneous tissues in 1 patient each. The 
survival of patients with M1 disease detected 
preoperatively was 18.8 months, which was con-
sistent with the retrospective studies reviewed 
above.

However, our prospective study revealed dif-
ferent results. From October 1992 through 
December 1999, we conducted a prospective 
phase II study that combined chemotherapy and 
surgical resection for patients with NSCLC soli-
tary synchronous M1 disease.22 Eligibility crite-
ria included biopsy proven, previously untreated 
NSCLC with potentially resectable intrathoracic 
disease (T1-3N0-2) and a solitary, synchronous, 
resectable metastatic lesion. Pretreatment evalu-
ation included a computed tomography (CT) scan 
of the chest and upper abdomen, a CT or mag-
netic resonance (MR) scan of the brain with con-
trast, a bone scan, pulmonary function tests, and 
a bronchoscopy and mediastinoscopy. Positron 
emission tomography (PET) imaging was not 
required. All brain metastases were to be resected 
prior to chemotherapy, with some patients 
receiving postoperative whole brain irradiation. 
Patients with non-brain M1 sites had needle biop-
sies of the M1 site for histological proof of the 
presence of disease. Induction chemotherapy was 
intravenous mitomycin, vinblastine, and cispla-
tin. After completion of chemotherapy, if feasible, 
resection of all remaining sites of disease was 
performed. If all disease could be completely 
resected, patients received two cycles of vinblas-
tine and cisplatin.

From October 1992 through February 1999, 23 
patients were enrolled. Mediastinoscopy was 
performed in 22 patients and involved N2 nodes 
found in 12; the remaining patient had mediasti-
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nal adenopathy on CT thought to be highly suspi-
cious for malignant involvement but did not 
undergo mediastinal nodal biopsy.

All enrolled patients received some chemo-
therapy, but only 12 patients completed the 
intended three cycles.

Resection of the primary lung tumor was per-
formed in 14 patients. The pathological N status 
was N0 in six patients, N1 in one patient, and N2 
in seven patients. A lung resection was not under-
taken in the remaining nine patients because of 
a brain recurrence in fi ve patients, and progres-
sion of disease in other sites during chemother-
apy in four patients.

The surgery for the M1 site was a craniotomy 
in 13 patients, adrenalectomy in 1 patient, sple-
nectomy in 1 patient, partial colectomy in 1 
patient, segmental bone resection in 2 patients, 
and lung resection in 1 patient. One patient had 
a cerebral metastases treated with sterotactic 
irradiation without craniotomy. Three patients 
did not have resection of the M1 site because of 
progression of disease during chemotherapy.

Six of the 10 patients who had undergone 
complete resections of both primary and M1 sites 
received postoperative chemotherapy.

Overall, 20 patients had defi nitive treatment of 
the M1 site, and 13 patients had complete resec-
tions of the primary site of disease. Taken 
together, 10 patients had complete resections 
of both the primary and M1 sites of disease, 
8 of whom had completed three cycles of 
chemotherapy.

The overall median survival for all patients 
entered into the study was 11 months. At last 
follow-up, three patients were alive: one patient 
was free of disease at 104 months, and two patients 
were alive with disease at 31 and 77 months.

We concluded fi rst that the combination of 
induction therapy, surgical resection of primary 
and metastatic sites, and adjuvant chemotherapy 
was very poorly tolerated. Second, both disease-
free and overall survival was poor, with only 2 
out of 23 patients alive without disease at 5 years. 
It must be emphasized that this result is not 
inconsistent with the many retrospective studies 
previously published. If our experience had been 
reviewed retrospectively by a search of our data-
bases for patients who had undergone complete 

resections of a solitary M1 site and intrathoracic 
loco-regional disease, 10 of the 23 enrolled would 
have been found. Of these 10 patients, 3 patients 
were alive at last follow-up (30%) and 2 patients 
were true 5-year survivors (20%). These results 
are similar to the retrospective report from the 
Mayo Clinic13 and to the results found in our 
retrospective review of all patients undergoing 
exploration with the goal of curative resection 
after induction therapy21 discussed above. For 
patients with synchronous primary disease, our 
prospective study suggests that a patient with 
newly diagnosed disease treated with combined 
modality therapy can expect a 4% to 8% chance 
of being alive and disease-free at 5 years, which 
is similar to that of patients with stage IV lung 
cancer treated with chemotherapy alone.

Our prospective trial does not provide infor-
mation on patients with metachronous M1 
disease, nor on patients with M1 disease treated 
only with surgical resection of all sites. There-
fore, based on the retrospective reports summa-
rized above, it is reasonable to treat patients with 
a solitary resectable NSCLC metastasis (either 
synchronous or metachronous) either with che-
motherapy alone (recommendation grade A) or 
with surgical resection of all evident disease 
alone (recommendation grade C). However, given 
the results of our prospective study, it is diffi cult 
to support treating patients with solitary resect-
able M1 disease with the combination of medical 
therapies and surgical therapies used in our pro-
tocol (recommendation grade C). Future investi-
gations should explore the combination of surgery 
with newer, less toxic chemotherapy regimens.

It is reasonable to treat patients with a solitary 
resectable NSCLC metastasis (either syn-
chronous or metachronous) either with 
chemotherapy alone (level of evidence 1; 
recommendation grade A) or with surgical 
resection of all evident disease alone (level of 
evidence 2; recommendation grade C).

Treating patients with solitary resectable 
M1 disease with the combination of medical 
therapies and surgical therapies is not recom-
mended (level of evidence 2; recommendation 
grade C).
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Thoracoscopy Versus the Open Approach for 
Resection of Solitary Pulmonary Metastases
Keith S. Naunheim

2. The strongest predictor for success is “com-
plete” excision of all metastases.

3. An open surgical procedure (thoracotomy, 
sternotomy) allows for palpation of the lung 
and identifi cation and excision of radiologically 
occult nodules, thus allowing a more complete 
resection.

4. Because the open approach provides the 
opportunity for more complete excision, there is 
a greater chance for long-term survival.

5. An open surgical approach is therefore the 
method of choice for excision of pulmonary 
metastases.

Unfortunately, there exist no prospective, ran-
domized, controlled trials which directly compare 
the thoracoscopic approach to the open approach 
for the therapeutic excision of pulmonary metas-
tases. Neither has there been a formal systematic 
review of the literature regarding this issue and, 
thus, the above arguments can be argued only on 
the basis of what can be gleaned from the results 
from uncontrolled, prospective trials, case series, 
case control studies, and registry data. Each of 
the statements comprising this chain of logic 
must be evaluated individually.

18.1. Does Excision of Pulmonary 
Metastases Prolong Survival in 
Selected Patients?

No prospective, randomized trial is available to 
confi rm or refute this assertion.

The rebirth of thoracoscopy in the 1990s led to its 
utilization in nearly all areas of thoracic surgery, 
both diagnostic and therapeutic. Because of its 
minimally invasive nature, thoracoscopy has 
been accepted as the approach of choice for many 
thoracic surgical procedures such as pleural 
biopsy and sympathectomy. There are, however, 
areas of great controversy in which the utility of 
thoracoscopy continues to be highly debated and 
one such area is the therapeutic resection of pul-
monary metastases.

There are two scenarios in which therapeutic 
excision of lung metastases are undertaken. The 
fi rst is resection with palliative intent in those 
patients with multiple metastases from sarcoma. 
In such patients, an open approach is accepted 
as standard by virtually the entire thoracic 
community.

However, “curative” resection most commonly 
involves resection of a solitary lung lesion or a 
limited number of pulmonary metastases (usually 
less than three). For such patients, a thoraco-
scopic approach to excision has been proposed as 
an acceptable minimally invasive alternative.

Opponents of the thoracoscopic approach 
believe that it will lead to a lower survival than 
can be achieved with an open procedure such as 
sternotomy, clamshell incision, or thoracotomy. 
They believe their argument to be logical and 
inherently obvious. Their stepwise reasoning is 
as follows:

1. Excision of pulmonary nodules in selective 
patients prolongs long-term survival.
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18.1.1. Pro

The argument supporting the benefi cial effect of 
surgical resection rests on a large number of case 
series and individual case control studies outlin-
ing long-term results following resection of pul-
monary metastases. From 1965 to the present, 
there have been over 400 publications in the lit-
erature addressing the results of excision of pul-
monary metastases and many of these followed 
patients for not just for 5 years but throughout 
10- and 15-year followups.1 Perhaps the most 
authoritative of these is the International Regis-
try for Lung Metastasis, the results of which were 
reported by Pastorino and colleagues.2 While one 
might debate the relative benefi ts of metastasec-
tomy on 5-year survival, the survival curves in 
this large registry demonstrate a survival plateau 
beginning at approximately 60 months and 
extending throughout 15 years. These results 
demonstrate 15-year survival in the 20% to 30% 
range, fi gures that would seem to be unachiev-
able in patients with advanced cancer unless 
there was indeed some therapeutic advantage 
and effi cacy of metastasectomy (level of evidence 
2+).

18.1.2. Con

Aberg recently suggested that the benefi cial effect 
of surgical excision of pulmonary metastasis is 
suspect (level of evidence 3).3 He cited his own 
publication in which he compared a group of 70 
surgically treated pulmonary metastasis patients 
with a small historical control group of 12 
patients. Some of this latter group was treated 
with radiation therapy. Those patients treated 
medically had a 25% 5-year survival, not signifi -
cantly different from that in the surgical group. 
The author went on to argue that the apparent 
benefi cial effect of surgical resection on 5-year 
survival might be artifactual and due to patient 
selection. The exclusion of patients with multiple 
nodules, other distant disease, and serious 
medical comorbidities contraindicating surgery 
would lead to a select group of relatively healthy 
patients with limited disease that otherwise 
would have a reasonable chance of 5-year 
survival.

18.1.3. Conclusion

The assertion that pulmonary metastasectomy 
prolongs patient survival in selected patients 
would appear to be supported by the literature to 
date (level of evidence 2+ to 3; recommendation 
grade C).

Pulmonary metastasectomy prolongs patient 
survival in selected patients (level of evidence 
2+ to 3; recommendation grade C).

18.2. Does Open Thoracotomy Allow 
for More Complete Identification 
and Excision?

18.2.1. Pro

According to proponents for the open approach, 
the major drawback for thoracoscopy is that one 
loses the ability to digitally palpate the lungs. 
Thus, standard thoracoscopy is entirely depen-
dent upon visual cues and whatever tactile 
feedback can be gained either with utilization of 
instruments for palpation or through insertion of 
a fi nger into a trochar site. With standard thora-
coscopic technique, the opportunity for biman-
ual palpation is lost and thus it has been suggested 
that many small nodules will be missed.

Indeed there is fairly good evidence from case 
series and one prospective trial that this is the 
case. McCormack and colleagues performed a 
prospective trial to assess the effi cacy of video-
assisted thoracic techniques in the detection and 
excision of pulmonary metastases (level of evi-
dence 2−).4 Guidance for resection was obtained 
from computed tomography (CT) scans. Thora-
coscopic excision was performed on patients with 
pulmonary metastasis and all radiologically and 
visually identifi ed lesions were resected. Follow-
ing this, a thoracotomy was undertaken, lung 
palpation performed, and any additional lesions 
were resected. The study was closed after only 18 
of a planned 50 patients were enrolled because 
56% of the patients (10 of 18) had additional 
malignant lesions found at thoracotomy after 
thoracoscopic exploration had been performed. 
The authors concluded that this incomplete exci-
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sion would lead to an inferior survival long 
term.

18.2.2. Con

Thoracoscopy advocates criticize the above trial 
because only 2 of the 18 patients had the benefi t 
of helical CT scanning, a technology which had 
just become available at that time. They believe 
that with the advent of rapid helical scanning 
requiring a single breath hold, the incidence of 
undetected nodules would drastically decline.

Since that trial, several papers have indeed 
documented that helical CT scan is superior to 
the old technique of high-resolution CT scanning 
and that more lesions are picked up. Margaritora 
and colleagues had a sequential series of patients, 
in which 78 received high-resolution CT scan-
ning while 88 underwent helical CT scanning 
(level of evidence 2+).5 The sensitivity for detec-
tion of all nodules was 82% utilizing the helical 
CT scanner versus 75% with a high-resolution 
scanner. In those nodules less than 6 mm in size 
(those most likely to be missed with a thoraco-
scopic approach) the sensitivities were 61% or 
48%, respectively. Similar sensitivity fi gures were 
provided by Diederich and colleagues, who found 
a 78% sensitivity for all nodules and a 69% sen-
sitivity for those nodules smaller than 6 mm (level 
of evidence 3).6 Finally, Parsons and coworkers 
had confi rmatory fi ndings of noting a sensitivity 
of 78% for malignant nodules and 72% for all 
nodules (level of evidence 2−).7

Several adjunctive procedures have been sug-
gested to aid in the localization of nodules when 
utilizing thoracoscopy.8,9 Needle localization, 
methylene blue injection, and sonographic evalu-
ation have all been used to identify nodules not 
easily palpable on the visceral pleural surface. 
However, these maneuvers would only aid in 
resection of radiologically detectable lesions and 
will not allow for detection of tiny metastases.

There is one hybrid procedure that utilizes 
both the thoracoscopic approach and manual 
palpation of the lung. This has been proposed by 
Mineo and colleagues, who performed an 8-cm 
midline subxiphoid incision, through which a 
hand is inserted for palpation of the lung during 
thoracoscopic examination.10 In this way, one can 
potentially combine the advantages of both of a 

minimally invasive approach and the accuracy of 
digital palpation. In a prospective trial, these 
authors found that bilateral thoracoscopic explo-
ration detected only 78% of the nodules that were 
detected when manual palpation was added as an 
adjunctive procedure (level of evidence 3).

18.2.3. Conclusion

There appears to be good evidence in case series 
and two prospective trials that, when compared 
to thoracoscopy, an open approach with manual 
palpation will allow the identifi cation of addi-
tional nodules in 20% of patients and allow for 
more complete resection of malignant metastases 
in those patients (level of evidence 2+ to 3; recom-
mendation grade C).

Compared to thoracoscopy, an open approach 
with manual palpation allows the identifi ca-
tion of additional nodules in 20% of patients 
and allows for more complete resection of 
malignant metastases (level of evidence 2+ to 
3; recommendation grade C).

18.3. Is Complete Excision of the 
Pulmonary Metastasis a Strong 
Predictor of Survival?

18.3.1. Pro

Many publications have performed univariate 
and/or multivariate analysis to identify predic-
tors of long-term survival following resection of 
pulmonary metastases. The strongest predictor 
of long-term success appears to be the histology 
of the metastatic lesions.2 However, the second 
most infl uential predictor is the ability to com-
pletely resect all intrathoracic disease (level of 
evidence 2+ to 3).2,11,12 The International Registry 
data demonstrated that those with complete 
resection had a 5-year survival three times higher 
than those with incomplete resections (36% vs. 
13%).2 Thus proponents of the open approach 
suggest that the direct digital lung palpation will 
allow for identifi cation of metastases that would 
likely be undetected during thoracoscopy and 
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thus are more likely to ensure “complete resec-
tion” and prolonged survival.

18.3.2. Con

Proponents for the thoracoscopy approach 
suggest that the above reasoning is invalid and 
that there is misuse of the term complete resec-
tion. Patients who undergo “incomplete” resec-
tion during open thoracotomy do not generally 
do so because of tiny resectable nodules which 
are not removed. It is more commonly because of 
large bulky disease that involves vital structures 
or because the disease is so extensive that major 
lung resections, incompatible with patient benefi t, 
would be required to undertake resection. Most 
of these latter patients are currently identifi ed at 
the time of CT scanning and do not even come to 
operation. This would appear to be the true 
defi nition of the term unresectable in the open 
situation.

In those undergoing thoracoscopic resection, 
the occult nodules which might be left behind 
(due to an inability to identify them by palpation) 
are not truly “unresectable”; rather they are 
“undetectable” utilizing thoracoscopic tech-
niques. Proponents of thoracoscopy would 
suggest that these lesions that remain undetected 
do not necessarily portend the unfavorable prog-
nosis that the “unresectable” defi nition from the 
open approach would imply. They would contend 
that it is the biological activity of the tumor rather 
than the anatomical considerations that truly 
infl uence long-term survival.

Small micrometastasis that go undetected at 
the time of thoracoscopy may certainly continue 
to grow and eventually present as “new” metas-
tases subsequently. Although a subset of such 
patients would have concomitant distant recur-
rence of malignancy and would not be candidate 
for surgery, there would be a cohort for whom a 
repeat metastasectomy would be appropriate. 
Several case series document that a second resec-
tion of metastasis yields 5-year survivals essen-
tially identical to those that occur following fi rst 
time resection (level of evidence 2+ to 3).2,13,14 
Thus, thoracoscopy advocates suggest that even 
when undetected metastases are left behind, in 
those patients in whom they grow and present 

metachronously as isolated pulmonary recur-
rence, a second therapeutic resection is possible 
and is just as likely to provide long-term survival 
as an upfront open approach.

18.3.3. Conclusion

Although “incomplete resection” is a predictor 
for therapeutic failure, the defi nition of incom-
plete resection does not equate to radiologically 
undetectable disease that might persist following 
a video-assisted thorascopic surgery (VATS) 
resection. No prospective trial or case series 
support the contention that such occult disease 
reliably predicts therapeutic failure (level of evi-
dence 2+ to 3; recommendation grade C).

Although “incomplete resection” is a predic-
tor for therapeutic failure, the defi nition of 
incomplete resection does not equate to 
radiologically undetectable disease that might 
persist following a VATS resection. No pro-
spective trial or case series supports the 
contention that such occult disease reliably 
predicts therapeutic failure (level of evidence 
2+ to 3; recommendation grade C).

18.4. Does the Open Approach 
Provide a Greater Chance of Cure than 
the Thoracoscopic Approach?

It was hoped that this debate could be addressed 
and answered by a prospective, randomized trial 
directly comparing the treatment of pulmonary 
metastasis by thoracoscopic versus open tech-
niques. There was indeed such a study proposed 
and instituted (Cancer and Leukemia Group B 
9336), but unfortunately it was closed prema-
turely due to lack of accrual. Thus there are no 
prospective trials to address this issue.

18.4.1. Pro

Proponents for the open approach insist that the 
logical conclusion from the above argument is 
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that the inability of the thoracoscopic approach 
to detect all malignant lesions makes it likely that 
metastasis will be left behind in up to one quarter 
of the patients. These remaining metastases will 
eventually take the life of the patient either due 
to progressive pulmonary compression/replace-
ment by the lesions, or due to distant disease 
when the undetected lung metastases themselves 
metastasize. They believe that 5-year survival 
will be inferior with a VATS procedure.

18.4.2. Con

Thoracoscopy proponents do not believe this is 
a foregone conclusion and favor VATS resection. 
There are some reports with which one can gauge 
the effi cacy of thoracoscopic resection for pulmo-
nary metastases. Lin and colleagues gathered and 
published results from six institutions outlining 
the results of both diagnostic and therapeutic 
resection of pulmonary metastasis via thoracos-
copy.15 Of the 99 patients undergoing therapeutic 
resection, 37% were free of disease in the follow-
up interval of 37 months. Just as importantly, of 
the 57 recurrences, 69% were distant, a number 
not dissimilar found by Pastorino and colleagues 
in the paper describing the International Regis-
try, which encompassed over 5200 cases.2 In Lin’s 
paper, the incidence of extrathoracic metastasis 
was 46% while single or multiple intrathoracic 
recurrences were noted in 54% of all patients. 
Thus, the incidence of local recurrence following 
thoracoscopic resection, the supposed Achilles’ 
heel of the technique, is lower at a mean of 37 
months follow-up than that quoted by Pastorino 
and colleagues with the open approach. Obvi-
ously, the time of follow-up is signifi cantly differ-
ent; nonetheless, there is little in this comparison 
to suggest that thoracoscopic resection will 
provide results inferior to those of the open 
approach (level of evidence 3).

There have been two clinical papers comparing 
the thoracoscopic and open approaches to resec-
tion of pulmonary metastasis. Mutsaerts and col-
leagues reported on 35 patients who underwent a 
thoracoscopic metastasectomy for a solitary pul-
monary nodule (level of evidence 2+).16 Nineteen 
underwent only a minimally invasive approach 
while an additional 16 underwent confi rmatory 

thoracotomy for excision of undetected nodules 
that could be palpated. The incidence of compli-
cations was higher in the thoracotomy cohort 
than the VATS cohort. The 2-year disease-free 
survival and overall survival rates were 50% and 
60% in the thoracoscopic cohort and 42% and 
70% in the thoracotomy cohort. These results 
suggest that at least in the early follow-up period, 
there appears to be little difference in the results 
between thoracoscopic and open approach.

A second paper from Nakajima and associates 
reported on a comparison of 35 patients under-
going thoracoscopic resection of pulmonary 
metastasis versus 55 patients undergoing an open 
thoracotomy approach (level of evidence 3).17 
Solitary metastases were resected more frequently 
with thoracoscopy than thoracotomy. The actu-
arial 1-, 2-, and 3-year survival rates were 83%, 
70%, and 62% in the thoracoscopy group and 
94%, 65% and 53% in the open group, respec-
tively. The rates of local recurrence and actuarial 
survival did not differ when only patients with 
solitary pulmonary metastasis were analyzed. 
Once again, this paper provides no evidence sug-
gesting a superior survival advantage for the 
open approach.

18.4.3. Conclusion

There appears to be no strong evidence support-
ing the assertion that an open approach to a soli-
tary pulmonary metastasis will provide superior 
clinical results with regard to long-term survival. 
Although theoretically, the concept that the tho-
racoscopy will leave behind undetected metasta-
sis and therefore lead to inferior results appears 
logical and conceptually attractive, there is not 
yet data that can defi nitively support this notion 
(level of evidence 3; recommendation grade C).

There is no strong evidence supporting the 
assertion that an open approach to a solitary 
pulmonary metastasis will provide superior 
clinical results compared to a VATS approach 
with regard to long-term survival (level of evi-
dence 3; recommendation grade C).
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18.5. Should the Open Approach 
for the Resection of Pulmonary 
Metastasis be the Standard of Care?

18.5.1. Pro

While the concept of thoracotomy or sternotomy 
for curative resection of pulmonary metastasis 
is a time-honored and standardized technique, 
there is little hard evidence in the literature 
currently demonstrating the superiority of this 
approach versus minimally invasive thoracic sur-
gical techniques. Although it may seem logical 
to believe that an open surgical approach that 
results in resection of more tissue will provide a 
signifi cant survival advantage, surgical history 
suggests that such logical arguments do not 
always prove to be true. Radical mastectomy for 
breast cancer, pneumonectomy for lung cancer, 
and open thoracotomy with radical resection for 
esophageal cancer were, at one time, viewed as 
the standard of care for the treatment of their 
respective diseases. Currently, an open approach 
is likely the most commonly performed proce-
dure for the curative treatment of pulmonary 
metastasis. As such, it can be considered one 
standard of care in the legal sense; however, it is 
backed by much more in the way of expert opinion 
than scientifi c fact.

18.5.2. Con

There is a minority opinion supporting a thora-
coscopic approach to resection of metastases 
which has potential merit as well. No defi nitive 
literature exists that demonstrates inferior results 
from a minimally invasive approach. In fact, two 
clinical reports suggest that the early survival 
results approximate those found with an open 
approach.16,17

Lastly, it is fair to consider that the vast major-
ity of patients undergoing resection for pulmo-
nary metastasis will indeed not be cured by the 
operation. For such patients, the minimally inva-
sive approach would appear to have signifi cant 
potential benefi ts over thoracotomy with regard 
to decreased length of stay, lesser degrees of post-
operative pain, and faster return to full function. 
This could possibly be refl ected in decreased cost 

of treatment and improved quality of life, 
although these advantages have not at present 
been demonstrated in this patient population.

18.5.3. Conclusion

There exist logical, theoretical arguments that an 
open approach for resection of lung metastases 
will provide a survival advantage over a mini-
mally invasive approach. However, no literature 
comparing the two approaches documents infe-
rior results with thoracoscopy. In fact, the small 
amount of literature available suggests equiva-
lency. Expert opinion appears to be the primary 
argument supporting an open approach to resec-
tion of lung metastases (level of evidence 4; rec-
ommendation grade D). Either approach would 
appear appropriate for the resection of solitary 
lung metastases.

That an open approach for resection of lung 
metastases provides a survival advantage over 
a minimally invasive approach is supported 
primarily by expert opinion (level of evidence 
4; recommendation grade D).

However, the small amount of literature 
available suggests equivalency, and either 
approach would appear appropriate for the 
resection of solitary lung metastases.
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19
Unilateral or Bilateral Approach for Unilateral 
Pulmonary Metastatic Disease
Ashish Patel and Malcolm M. DeCamp, Jr.

of evidence, with 1++ being a high-quality review 
of randomized, controlled trials and 4 being 
expert opinion. Case control studies are generally 
assigned level 2, with 2+ given to studies with 
likelihood of causal relationship. Overall, recom-
mendations are graded from A to D, with an A 
grade being supported by randomized, controlled 
trials. Grade B recommendations suggests con-
sistency in the literature.

19.1. Unilateral or Bilateral Approach

Central to the question of a unilateral or bilateral 
approach to unilateral pulmonary metastatic 
disease is (1) the principle of achieving a com-
plete resection of all pulmonary disease, (2) the 
accuracy of preoperative imaging in detecting 
metastatic disease, (3) the effi cacy of a surgical 
technique in identifying and resecting all pulmo-
nary disease, and (4) the evidence for improved 
outcome.

19.2. Complete Resection

The principle of resecting all pulmonary meta-
static disease is based on the current understand-
ing of cancer pathobiology coupled with decades 
of observations of patients undergoing pulmo-
nary metastasectomy. Contemporary cancer 
biology assumes that metastases originate from 
cells that are shed by primary tumors and dis-
seminated through the systemic vascular and 
lymphatic circulations. Hematogenous meta-

The term pulmonary metastasectomy refers to 
surgical excision of malignant lesion(s) of the 
lung of extrapulmonary origin. Several retro-
spective studies, including the International Reg-
istry of Lung Metastases,1 have observed increased 
survival following pulmonary metastasectomy 
when compared to historical control patient 
cohorts who did not undergo resection. Over the 
years these observations have led to widespread 
acceptance of pulmonary metastasectomy in 
appropriately selected patients. The lack of 
randomized, controlled trials and the continued 
evolution in imaging technology, chemothera-
peutics, and surgical technique pose signifi cant 
challenges to clinicians as they struggle with 
appropriate patient selection for and the optimal 
surgical approach to metastasectomy.

The criteria for undertaking pulmonary 
metastasectomy include control of the primary 
disease site, lack of other systemic metastatic 
disease, adequate physiological reserve, and the 
ability to resect all residual disease in the 
lungs. Bilateral pulmonary metastatic disease, 
in selected patients, is treated with bilateral 
resections. The obvious question, therefore, is 
whether to explore the contralateral lung in a 
patient with only unilaterally detected pulmo-
nary metastases.

This chapter addresses the question of a uni-
lateral or bilateral approach to unilateral pulmo-
nary metastatic disease. Recommendations are 
made according to the system of evidence grading 
proposed by the Scottish Intercollegiate Guide-
lines Network (SIGN).2 Each study cited with 
regard to our recommendation is assigned a level 
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stases are more likely to become lodged in 
the fi rst capillary bed encountered following 
transit to the vascular system. The basis of this 
theory is supported by the observation that 
tumors of the gastrointestinal tract drained 
by the portal venous circulation generally metas-
tasize fi rst to the liver, while the tumors with 
venous drainage to the systemic circulation (e.g., 
rectum, kidney, soft-tissue sarcomas) metasta-
size more frequently to lungs. Histological studies 
support these theories as 84% of lung metastases 
receive their major blood supply from the pul-
monary arteries while only 16% are supplied 
exclusively by the bronchial arteries3 (level of 
evidence 3).

One of the most interesting questions in cancer 
pathology has been whether metastases can 
themselves metastasize. A retrospective review of 
883 pulmonary metastasectomies performed at 
the Mayo Clinic identifi ed 70 (8%) patients who 
had concurrent lymph node dissections at the 
time of metastasectomy. Fourteen (20%) of these 
70 patients had positive nodes suggesting that 
metastases can metastasize. Three-year survival 
among patients with negative nodes was much 
higher (69%) than among patients with positive 
nodes (38%)4 (level of evidence 2+). Thus, any 
therapy aimed at a complete and curative resec-
tion should involve evaluation of regional lym-
phatics around the metastasis.

Clinical experience over the last 100 years 
seems to support the need for complete resection. 
The fi rst report of pulmonary metastasectomy is 
credited to Dr. Weinlechener in Germany, who, 
in 1882, removed an incidental metastasis of the 
lung during resection of a chest wall sarcoma. 
Unfortunately the patient only survived 24 h5 
(level of evidence 4). In 1884, Dr. Kronlein 
resected an incidental metastasis to the lung of a 
chest wall sarcoma and observed the patient 
survive over the next 7 years6 (level of evidence 
4). The fi rst report of pulmonary metastasectomy 
in America was by Drs. Barney and Churchill in 
the 1930s, when they removed a metastatic focus 
of renal cell carcinoma. The patient survived 23 
years.

Reports of improved survival among patients 
undergoing pulmonary metastasectomy for other 
cell types have led to further aggressive 
approaches. Osteogenic sarcoma is a highly lethal 

neoplasm with 5-year survival of less than 5% 
among patients with pulmonary metastases. 
When a group of patients with osteogenic sarcoma 
underwent pulmonary metastasectomy at Memo-
rial Sloan-Kettering Cancer Center, the survival 
improved to 32% at 5 years and 18% at 20 years7 
(level of evidence 2+). All surgical efforts were 
focused on removal of all palpable tumors, 
leading to an overall impression that aggressive 
removal of all metastases improved survival. The 
most comprehensive set of retrospective data 
emerged with the formation of an International 
Registry of Lung Metastases (IRLM). The registry 
collected data on 5206 pulmonary metastasecto-
mies from 18 departments of thoracic surgery 
around the world. The survival statistics were 
evaluated using Kaplan Meier estimates. The 
results were published in 1997 and are continu-
ally updated. Among the total of 5206 metasta-
sectomies, 4572 were complete resections while 
634 were incomplete. The survival after complete 
metastasectomy was 36% at 5 years, 26% at 10 
years, and 22% at 15 years with a median survival 
of 35 months. Survival among incomplete resec-
tions was 13% at 5 years, 7% at 10 and 15 years 
with a median of 15 months. This observation 
suggests a strong correlation between survival 
and complete resection1 (level of evidence 2++) 
and is supported by several other smaller series 
including a recent study by Suzuki and colleagues 
showing aggressive pulmonary resection of 
osteosarcoma metastases yielded 42% 10-year 
survival for complete resection and only 4.2% 6-
year survival for incomplete resection8 (level of 
evidence 2++).

Unfortunately, all of the above observations 
are affected by selection and observer bias typical 
of retrospective studies. Tumor-specifi c factors 
also impact survival and may dominate the salu-
tary effect of complete resection. This hypothesis 
is supported by the observations that despite 
complete resections, overall survival is highly 
dependent on histology of the tumor. Among 
patients who had complete resection of all iden-
tifi able disease, Mountain and colleagues found 
5-year survival of 54% for urinary tract and male 
genital tract tumors, 46% for osteogenic sarcoma, 
33% for soft-tissue tumors, 24% for primary 
uterine cervix tumors, and only 12% for mela-
noma9 (level of evidence 2+).
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19.3. Imaging

The ability to detect all pulmonary metastases is 
central to any discussion of approach to pulmo-
nary metastasectomy. Surgical approach has 
clearly been guided by the improvement in 
imaging, specifi cally single-breath-hold, helical, 
and/or multidetector computed tomography (CT) 
scans.

Early pulmonary metastasectomies, such as 
those by Weinlechener or Kronlein, were seren-
dipitous. The discovery of X rays and their evolu-
tion to chest roentgenograms during the early 
20th century allowed for planned metastasecto-
mies, as those reported by Barney and Churchill. 
Chest roentgenograms, although helpful in the 
diagnosis of pulmonary lesions, were not highly 
sensitive. This is clearly reported by McCormack 
and coworkers in 1993, where 57/144 (39%) of 
chest roentgenograms differed in number of 
lesions detected from intraoperative fi ndings. 
Forty-six percent of patients had more lesions 
than chest roentgenograms detected while 21% 
had fewer. The gold standard for detecting 
all pulmonary lesions became intraoperative 
palpation, which led to advocacy for operative 
techniques providing access to both lungs, 
including bilateral staged thoracotomies, median 
sternotomy, median sternotomy with lateral 
thoracotomy, and the clamshell bilateral sterno-
thoracotomy10 (level of evidence 2).

The ubiquitous availability of CT scan in the 
1980s led to a re-evaluation of approaches to pul-
monary metastasectomies. Some clinicians began 
to believe that CT could supplant palpation in 
terms of metastasis detection. Concerned with 
accuracy of CT scans, McCormack and cowork-
ers also evaluated the sensitivity and specifi city 
of CT scans in their review of imaging modalities 
in lung nodule detection. They found that CT 
fi ndings differed from intraoperative fi ndings 
among (30/72) 42% of patients. Twenty-fi ve 
percent of patients had more malignant nodules 
than found on CT scan, while 17% of patients had 
more lesions on CT than found at operation. The 
authors concluded that CT was not adequate 
replacement for bilateral manual lung palpation. 
The CT images, however, were 8-mm axial images. 
The authors do not mention whether the lesions 
were unilateral or bilateral and agree that the 

number of tumors found in the study failed to 
reach statistical signifi cance for survival data10 
(level of evidence 2−).

The superiority of manual palpation over axial 
CT in detection and diagnosis of pulmonary 
lesions was further challenged by the advent of 
helical CT in the 1990s. Unlike axial CT that take 
axial scans over several breaths each at distance 
of 8 mm, the helical CT takes continuous spiral 
scans (2.5- to 8-mm collimation) during a single 
breath suspended at full inspiration. Faster image 
acquisition results in lower distortion due to 
respiratory or cardiac motion and higher resolu-
tion. Several studies reported average detection 
of 20% more nodules by spiral CT compared to 
conventional CT11 (level of evidence 3). Retro-
spective analyses were once again performed to 
resolve the sensitivity and specifi city of helical 
CT. In a retrospective review of 34 patients who 
underwent both helical CT and manual lung pal-
pation, Parsons and colleagues report only (69/88) 
78% sensitivity12 (level of evidence 2−). This is 
similar to sensitivity of helical CT in detecting 
lung lesions reported by Waters and colleagues 
(56%), Diederich and colleagues (77%), Ambrogi 
and coworkers (84%), and Margaritora and 
coworkers (82%)13–16 (level of evidence 2−).

The integrated use of helical CT (2.5- to 5-mm 
collimation) with F-18 fl uorodeoxyglucose posi-
tron tomography (FDG-PET) has become a 
common part of the evaluation of primary lung 
cancer. F-18 Fluorodeoxyglucose positron tomog-
raphy scans have detected occult metastatic 
disease and helped patients avoid nontherapeutic 
resections for non-small cell lung cancer patients 
in up to 10% of cases. Recalling the criteria for 
documented control of extra thoracic disease and 
the increased relevance of mediastinal spread of 
pulmonary metastases, Pastorino and colleagues 
evaluated the use of FDG-PET in the workup of 
pulmonary metastasectomies. Eighty-six patients 
underwent 89 PET scans prior to surgery deemed 
otherwise resectable by helical CT scan. Surgery 
was avoided or deferred in 19 of 86 (21%) patients 
based on PET fi ndings, which included 11 extra-
thoracic metastases, 2 primary recurrences, 2 
cases of mediastinal adenopathy, and 4 cases 
with confounding benign disease. FDG-PET sen-
sitivity was 100% for detecting lung metastases 
and 100% for mediastinal staging compared to 
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95% and 71% for spiral CT scans17 (level of evi-
dence 2+).

Advances in imaging technology continue to 
provide diagnostic assistance in patient selection 
for pulmonary metastasectomy. The combina-
tion of improved imaging and lack of a convinc-
ing survival advantage to open palpation, along 
with availability of minimally invasive surgical 
techniques, continues to stimulate surgeons to 
evaluate less morbid approaches to pulmonary 
metastasectomy.

19.4. Surgical Approach

Once unilateral pulmonary metastases are 
detected radiographically, the surgeon has several 
therapeutic options, including bilateral thora-
cotomies, median sternotomy, clamshell thora-
cotomy, unilateral thoracotomy, or video-assisted 
thoracic surgery (VATS).

The decision regarding surgical approach is 
infl uenced by sensitivity and specifi city of 
imaging, surgeon’s familiarity with the tech-
nique, operative risk, and currently available 
literature on surgical experience. The sensitivity 
and specifi city of imaging has been discussed 
above with contemporary practice favoring both 
an inspiratory helical CT for optimal lesion detec-
tion complimented by an integrated FDG-PET/
CT study to evaluate the primary site, regional 
nodal basins, and to exclude other extrathoracic 
disease. The surgeon’s familiarity with technique 
plays a minor role as most centers have expertise 
in traditional open thoracic techniques and 
VATS. The operative risk is minimal and accept-
able regardless of the operative technique. John-
ston reported no operative mortality in 53 median 
sternotomies in 198318 (level of evidence 3). Pas-
torino and coworkers had a similar experience 
with 0 early deaths in 56 consecutive sternoto-
mies for sarcoma19 (level of evidence 3). There are 
no reported, statistically relevant differences in 
major morbidity or mortality between thoracoto-
mies and sternotomies for resection of lung 
metastases. A VATS approach has similar low 
morbidity and may have advantages of decreased 
pain, creating fewer adhesions making re-
intervention more feasible, and a shorter hospital 
stay.

The most aggressive approaches to unilateral 
pulmonary metastasectomy are median sternot-
omy, clamshell thoracotomy, or bilateral thora-
cotomy, each of which allow palpation of the 
contralateral lung. The studies supporting these 
approaches, however, are increasingly dated 
given the availability of improved imaging. Pro-
ponents of median sternotomy cite a single 
incision, low morbidity, and ability to palpate the 
contralateral lung through the same incision as 
advantages to the approach. Johnston, in 1983, 
championed median sternotomy for its low mor-
bidity and 53% more nodules found at sternot-
omy than detected by chest tomography18 (level 
of evidence 3). Van der Veen and colleagues 
report 82 sternotomies with CT discordance in 
49% of cases20 (level of evidence 2−). Reports 
favoring sternotomy also cite softer end points 
such as reduced pain and earlier recovery of pul-
monary function when compared to thoracoto-
mies21 (level of evidence 3).

The most signifi cant argument to challenge a 
bilateral approach to unilateral disease has been 
lack of survival advantage to the contralateral 
exploration. Roth and colleagues compared 
median sternotomy and thoracotomy for soft-
tissue sarcomas in 1986. Eighty-two patients 
underwent complete resection of their metasta-
ses, 42 each by sternotomy and thoracotomy with 
a follow-up of 2 years. The groups were matched 
for disease-free interval, number of nodules 
resected, and tumor doubling time. There was no 
difference in survival between the two groups. 
The authors concluded that, although median 
sternotomy allows detection of unsuspected 
bilateral metastases, it does not offer survival 
advantage to unilateral thoracotomy22 (level of 
evidence 2+).

Younes and colleagues evaluated the need for 
bilateral thoracotomy in patients with unilateral 
pulmonary metastases using a retrospective 
database from a single institution (1990–1997). 
Two hundred sixty-seven consecutive patients 
included 179 patients with unilateral lung nodules 
and 88 patients with bilateral nodules. Unilateral 
thoracotomy was performed for unilateral disease 
and bilateral for bilateral disease, respectively. 
Contralateral recurrence-free survival over 6 
months, 1 year, and 5 years was 95%, 89%, 
and 78%, respectively. When patients with 
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contralateral recurrence were compared with 
patients with bilateral metastases on admission, 
there was no signifi cant difference in overall sur-
vival. Contralateral recurrence was only linked 
to histology and number of unilateral metastases. 
Given these results, the authors concluded that 
most patients with unilateral disease only have 
unilateral disease and delaying contralateral tho-
racotomy until lesions appear does not affect sur-
vival23 (level of evidence 2+). These fi ndings have 
been confi rmed by similar observations includ-
ing those by Gadd and coworkers for soft-tissue 
sarcoma as well as by Matthay and coworkers and 
Pogrebniak and colleagues24–26 (level of evidence 
2+). Additionally, there is no correlation between 
survival and unilateral or bilateral disease27,28 
(level of evidence 2+).

Video-assisted thoracoscopic surgery is playing 
an increasing role in pulmonary metastasectomy. 
The fi rst reports of VATS metastasectomy were 
by Dowling and colleagues in 1993. Seventy-two 
patients with peripheral lung lesions identifi ed by 
CT received wedge resections using a stapler or 
Nd:YAG laser. Sixty-three of 73 (86%) of resected 
nodules were pathologically confi rmed to be 
metastatic lesions. Sixty-fi ve of 72 (90%) patients 
underwent resection for diagnosis while only 
7 underwent resection for potential survival 
benefi t29 (level of evidence 2). Liu and colleagues 
used VATS to resect lung metastases in 47 
patients. Digital lung palpation was used to iden-
tify additional nodules and to locate and resect 
all nodules detected on preoperative imaging. 
Five patients were found to have additional 
nodules and these were resected. The authors 
concluded that VATS was a useful technique for 
metastasectomy but failed to provide follow-up 
survival data30 (level of evidence 2−). In 1996, 
McCormack and coworkers published a prospec-
tive study comparing VATS to thoracotomy. 
Patients underwent VATS resection followed by 
immediate thoracotomy to carefully palpate the 
lung for missed lesions. Four (22%) patients had 
no additional lesions while 10 (56%) had addi-
tional malignant lesions. The remaining four 
(22%) had additional benign lesions. Based on 
these fi ndings, VATS was not recommended for 
metastasectomy although the survival advantage 
to the resection of the “VATS-blind” nodules 
remains unknown31 (level of evidence 2−).

Although the role of VATS is questioned for 
pulmonary metastasectomy, it is indispensable 
for diagnostic purposes. Pulmonary nodules in 
patients with a history of prior malignancy often 
are radiographically uncharacteristic of metasta-
ses and require diagnosis by excisional. More 
importantly there is a signifi cant rate of primary 
lung cancer among patients with prior extratho-
racic malignancy. In a study of 50 patients with a 
history of malignancy by Adkins and colleagues, 
18% of lung lesions were benign, 18% represented 
a new primary lung cancer, and 64% were meta-
static lesions.32 The probability of the lesion being 
metastatic versus a new primary lesion is depen-
dent on the primary histology. Ninety percent of 
lung lesions among patients with melanoma or 
sarcoma are metastatic. Fifty percent of the lung 
lesions are metastatic in patients with gastroin-
testinal, genitourinary, or gynecological malig-
nancy. Because of the high prevalence of 
tobacco-related carcinogen exposure throughout 
the aero–digestive tract, only 33% of lung lesions 
in patients with head and neck cancers are meta-
static.33 With continued improvement in imaging 
techniques, and lack of evidence demonstrating 
increased survival following more radical explor-
atory operations, VATS will continue to play a 
role in pulmonary metastasectomy.

19.5. Conclusion

The fi eld of pulmonary metastasectomy contin-
ues to evolve. Historically, it has progressed from 
serendipitous open resection of unexpected pul-
monary metastases to planned bilateral explora-
tions to minimally invasive resections supported 
by advanced imaging techniques. The justifi ca-
tion of pulmonary metastasectomy lies in the 
feasibility of the procedure and the observed 
improvement in survival. Extensive retrospective 
studies point to complete resection of pulmonary 
metastases as a factor associated with improved 
survival. Traditionally this linkage has led sur-
geons to explore both lungs during metastasec-
tomy. Advances in imaging technology, including 
helical CT and PET scans, and the integration of 
these anatomical and metabolic studies into a 
single fused image, is providing increasing diag-
nostic sensitivity and specifi city useful in guiding 
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selection of patients appropriate for pulmonary 
metastasectomy. The same images provide a 
useful “roadmap” for the surgeon seeking to 
achieve a complete resection.

19.6. Recommendation

The absence of data demonstrating improved 
survival after routine lung palpation without 
radiologically identifi ed contralateral disease 
justifi es a unilateral approach to unilaterally 
detected pulmonary nodules. A planned course 
of cross-sectional imaging follow-up for recur-
rent metastases is prudent. The precise role of 
VATS in pulmonary metastasectomy is poorly 
defi ned. Given continued advancement in both 
imaging and operative technology, this role is 
expected to grow. This is a grade B recommenda-
tion given the overall consistency in the literature 
and the presence of at least one 2++ level study.
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reported.6,7 Another distinct feature of BAC is the 
higher proportion of nonsmokers in comparison 
to the more common NSCLC.6,7 Only 25% to 30% 
of patients with BAC have a history of heavy 
smoking.6 On the basis of histological fi ndings, 
BACs are divided into three subtypes: mucinous, 
nonmucinous, and a mixed form. Nonmucinous 
BAC is composed primarily of Clara cells or type 
2 pneumocytes and accounts for 65% to 75% of 
all BAC. Mucinous BACs are differentiated toward 
bronchiolar goblet cells, and on gross examina-
tion these tumors have a glistening appearance. 
Mucin production can lead to bronchorrhea, 
characterized by the expectoration of water or 
mucoid material and is a late manifestation of 
advanced BAC. Three major patterns of BAC 
are visualized on high-resolution computerized 
tomography (HRCT).5,6,8 The most common, 
accounting for almost half of all cases, is a soli-
tary nodule or mass. These nodules are often ill 
defi ned and often lack a solid component, the 
latter being more typical of invasive adenocarci-
noma. Pseudocavitation, heterogeneous attenua-
tion, pleural tags, and spiculation may be 
associated fi ndings.6 The second most common 
pattern (30%) is consolidation one or more seg-
ments or lobes resembling pneumonia or air 
space disease. These tumors often produce mucin, 
which accounts for the heterogeneous attenua-
tion on CT and has been associated with a worse 
outcome. Lastly, BAC can manifest radiographi-
cally as multifocal disease.6 This multinodular 
form resembles that of metastatic disease or mili-
tary tuberculosis. The nodules are often distrib-
uted in a centrilobular fashion and can range in 

20.1. Definition of 
Bronchoalveolar Carcinoma

Bronchoalveolar carcinoma (BAC) is a distinct 
subtype of non-small cell lung adenocarcinoma 
classifi ed by the World Health Organization 
(WHO) as a peripheral well-differentiated neo-
plasm demonstrating lepidic spread along 
preexisting alveolar structures.1–4 An important 
histological feature is the preservation of the 
underlying lung architecture and the absence of 
invasion into stroma, pleura, or lymphatics of all 
pure BACs.1–4 Lung adenocarcinomas with a BAC 
component are now more appropriately classifi ed 
as adenocarcinomas, mixed subtype.1 Despite the 
WHO designation as a subtype of adenocarci-
noma, BAC has pathological, radiologic, and 
clinical features that are distinct from those of 
adenocarcinomas.

Bronchoalveolar carcinomas are rare and 
account for 3% to 9% of all newly diagnosed lung 
cancers.1–7 Recent data suggest an increase in the 
occurrence of pure BAC in conjunction with lung 
adenocarcinoma.3–7 Solitary peripheral BACs 
have an excellent prognosis, however, a consen-
sus defi nition of a minimally invasive BAC with 
a favorable prognosis has not been achieved.1

20.1.1. Clinical Features of 
Bronchoalveolar Carcinoma

The prevalence of BAC is higher in women than 
other types of non-small cell lung cancer (NSCLC), 
comprising one third to one half of all cases 
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size from 1 mm to 3 cm in diameter.8 Computed 
tomography appearances are diverse and include 
well-defi ned or poorly defi ned nodules involving 
one or both lungs. It is uncertain whether multi-
focal BAC is the result of synchronous primary 
lung cancers or aerogenous metastases.

Positron emission tomography (PET) has been 
utilized to evaluate patients with BAC. In a 
number of F-18 fl uorodeoxyglucose positron 
tomography (FDG-PET) studies, BAC has been 
reported to have lower FDG uptake compared 
with other primary lung cancers.9,10 The reason 
for the low uptake by BAC is unknown, but may 
be caused by poor cellularity or slow cell prolif-
eration of the tumor. The utility of FDG-PET scan 
may be to identify mulitfocal BAC.10

20.1.1.1. Ground-Glass Opacification

Ground-glass opacity (GGO) is a fi nding on HRCT 
images that is described as a hazy, increased 
attenuation of the lung tissue with preservation 
of the bronchial and vascular margins. This non-
specifi c fi nding may be noted in many types of 
pulmonary disease, including atypical adenoma-
tous hyperplasia (AAH), defi ned by the WHO as 
a premalignant lesion.11–13 Focal areas of ground-
glass attenuation may also be an early sign of 
localized BAC and is considered a marker for the 
identifi cation of minimally invasive BAC.11,12 
Nakajima studied 20 consecutive resected local-
ized GGO for histopathological correlation.11 
These authors identifi ed BAC in 50%, AAH in 
25%, fi brosis in 15%, and invasive adenocarci-
noma in 10%. Whether GGOs should be resected 
or followed is controversial, as the natural history 
of these lesions is not clearly defi ned. When 
radiographic progression of GGO on HRCT is 
demonstrated, as evidenced by increasing size or 
the appearance of a solid component or increased 
density, AAH or BAC is commonly identifi ed and 
surgical intervention is justifi ed.13

20.2. Surgical Treatment of 
Bronchoalveolar Carcioma

20.2.1. Available Published Data

A computerized search from the National Center 
for Biotechnology Information (NCBI) at the U.S. 

National Library of Medicine was conducted. 
Articles published from 1990 to the present time 
focusing on the surgical treatment of BAC were 
selected. Additional key references cited in a 
recent treatise were also included in the search.14 
Manuscripts focusing on radiological, pathologi-
cal, or biological aspects of BAC as well as case 
reports were excluded from analysis. Articles 
cited in retrieved publications and studying a 
large number of patients were reviewed.

There is no meta-analysis, randomized, con-
trolled trial, or systematic reviews of rand omized, 
controlled trials in the literature encompassing 
the above specifi cations. It is not possible to 
provide the highest level of evidence; as such, our 
conclusions are based upon limited scientifi c 
foundation. For the purposes of this writing, we 
selected well-conducted prospective and retro-
spective case control or cohort studies and case 
series addressing the defi ned criteria. Prior to the 
WHO classifi cation, publications reviewing BAC 
applied widely varying histological criteria that 
has contributed to the lack of randomized data in 
the literature.

20.2.2. Review of Published Surgical Data 
for Bronchoalveolar Carcinoma

20.2.2.1. Traditional Resection of 
Bronchoalveolar Carcinoma

Surgery remains the cornerstone of therapy for 
BAC as with other forms of early-stage NSCLC. 
Patients with resected BAC generally have a better 
survival and lower recurrence rate than their 
NSCLC counterparts. The isolation of signifi cant 
prognostic factors for BAC has been hampered by 
the relative rarity of pure BAC, the intermingling 
of BAC with adenocarcinomas in the literature, 
the evolution in the pathological criteria, and the 
variability of treatment.3

The Lung Cancer Study Group (LCSG) reviewed 
their experience with BAC between 1977 and 
1988.15 Of 1618 total patients, 235 patients with 
pure BAC were evaluated, representing the largest 
reported series of surgically resected BAC to date. 
Strict criteria were used to qualify patients for 
the study, including the demonstration of lepidic 
growth and the preservation of pulmonary archi-
tecture. All patients underwent thoracotomy with 
surgical resection and lymph node staging. Of 
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the 235 patients, 158 (67%) were T1 and 85% were 
N0. This study noted a higher incidence of female 
involvement and more nonsmokers among its 
cohort. The authors found that resected BAC 
patients were earlier stage than patients with 
non-BAC adenocarcinomas and squamous cell 
carcinoma (85% were stage I). The long-term 
mortality rate for stage IA BAC was reported at 
7% per year, increasing to 12% per year for IB and 
40% per year for stage II and III. Higher stage 
BAC (2 and 3) has a higher mortality rate than 
other types of lung cancer. The authors concluded 
that early resection is particularly important in 
patients with BAC.

Daly reviewed 134 patients with BAC who 
underwent surgical resection and analyzed 
factors that infl uenced survival.16 Most of the 
lesions (58%) were solitary pulmonary masses, 
11% were solitary pulmonary nodules, and 10% 
of the patients had multiple lesions. Lung carci-
nomas were accepted as BAC if the tumor dem-
onstrated growth along lung architecture without 
evidence of invasion. Anatomical lung resections 
were performed in 115 patients and 19 underwent 
wedge excision, with 70% undergoing lobectomy. 
Complete mediastinal and pulmonary lymph 
node sampling was performed in all patients. The 
authors found only a 7.5% rate of lymph node 
metastasis, most were N2 nodal disease. Similar 
to the LCSG study, most patients were early stage 
I. The operative mortality was 1.5%. At a median 
follow-up of 8 years, 37.5% developed recurrent 
disease, primarily within the thorax. Despite 
early stage at resection, the authors noted 28 
recurrences (62%) were among patients with 
stage IA and IB disease (10 T1 and 18 T2). Overall 
estimated 5- and 10-year survival for patients 
undergoing curative resection (122 patients) was 
60.8% and 28.1%, respectively; 5-year survival 
for patients with T1N0 tumors was 90.5% com-
pared to 55.4% for patients with T2N0 tumors. 
This difference was signifi cant. Five-year sur-
vival for multicentric disease was 35.9% for 
unilateral and 0% for bilateral disease. It can 
be concluded from this study that the survival 
is more infl uenced by the extent of lung in -
volvement (T stage) than by lymphatic metasta-
ses and that unilateral multifocal disease can 
be considered for resection; however, bilateral 
disease should not be operated upon. Addition-
ally, these authors found that complete resection 

offered a signifi cant survival advantage com-
pared to incomplete resection and that the 
extent of pulmonary resection did not infl uence 
survival.

Dumont reviewed retrospectively reviewed 105 
patients who underwent surgical treatment for 
BAC over a 19-year period.17 Most patients pre-
sented with a solitary pulmonary nodule (85%). 
Surgical treatment consisted of lobectomy in 
87%, bilobectomy in 3%, pneumonectomy in 7%, 
and 3% underwent wedge excision. All patients 
underwent complete mediastinal lymph node 
sampling. Again, the majority of patients (73%) 
were stage I; however, in contrast to the Daly 
study, there was a higher incidence of nodal 
disease with 28 patients (29%) having either N1 
or N2 metastasis. Overall survival at 5 and 10 
years was 48% and 39%, respectively, with 65% 
5-year survival for stage I. Unlike Daly’s study, 
these authors noted no statistically signifi cant 
difference in survival between T1 and T2; 
however, there was a signifi cant difference 
between N0 and N1 and between N0 and N2 
metastasis. In addition, these authors found no 
difference between the mucinous and mucinous 
forms of BAC, unlike previous reports.

Another retrospective review by Regnard eval-
uated prognostic factors among 70 patients who 
underwent surgical treatment for BAC.18 Four 
patients were unresectable. Of the remaining 66 
remaining patients, 51 underwent lobectomy, 4 
had bilobectomy, and 11 underwent pneumonec-
tomy. There is no mention as to the extent of 
lymph node sampling or dissection in this paper. 
Similarly to previous studies, most patients were 
stage I (50%). This study had a large percentage 
of advanced cancers with 25 patients having 
stage III tumors. There were seven patients with 
diffuse disease and not staged according to TNM. 
The overall 5-year survival was 30%. These 
authors noted that tumors with nodular mor-
phology had a better survival of 39% compared 
to those with pneumonic or diffuse types. In 
addition, those patients who were completely 
resected had a 5-year survival of 34% compared 
to 0% 5-year survival in those who were 
in completely resected. Multivariate analysis con-
fi rmed the association of early TNM stage and 
complete resection with a favorable outcome. 
Of 61 patients who were completely resected, 
59% developed tumor recurrence, primarily 
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within the thorax, at a mean time period of 21 
months, with most recurrence among patients 
with infi ltrative tumors in comparison to the 
nodular type. Recurrence based on TNM was not 
determined.

Ebright reviewed 100 surgically treated patients 
with adenocarcinomas with various degrees of 
BAC features. These authors evaluated histologi-
cal features that predicted surgical outcome. 
They classifi ed tumors as pure BAC, BAC with 
focal invasion, and adenocarcinoma with BAC 
features.19 This is a pathological review and the 
extent of surgical resection is not stated. Of the 
100 patients, 47 were classifi ed as pure BAC, 21 as 
BAC with focal invasion, and 32 as adenocarci-
noma with BAC features. These authors con-
fi rmed the fi ndings of Daly, that nodal metastasis 
was infrequent, with 2 of 47 patients with pure 
BAC. At a median follow-up of 86 months, the 
median disease free interval was 80 months 
without signifi cant differences among the three 
groups. However, those patients exhibiting a 
pneumonic pattern on radiography had the short-
est interval to recurrence at 19 months. Survival 
analysis also identifi ed the pneumonic subtype to 
have the shortest survival compared to unifocal 
and mulitfocal patterns. Multivariate analysis 
only identifi ed stage (I/II vs. III/IV) to have a 
signifi cant impact on disease-free and overall 
survival. Of the 47 patients with pure BAC, 9 
patients had a new cancer develop and 12 had 
recurrent disease. Table 20.1 summarizes some of 
the important fi ndings of the above studies. From 
the above-mentioned studies, we can conclude 
that a complete resection is essential to obtaining 
acceptable long-term results and there appears to 
be a signifi cant incidence of recurrent disease, 
with most recurrences occurring within the 
thorax, unlike other NSCLC. Lymph node sam-
pling or dissection should be undertaken to accu-

rately stage the patient, although the incidence of 
nodal metastasis is unclear. The pattern of radio-
graphic appearance may be useful in determina-
tion of prognosis, as the infi ltrative pneumonic 
form is more malignant than a solitary nodule.

20.2.3. Is Pure Bronchoalveolar Carcinoma 
a Candidate for Limited Resection

Several studies performed retrospective analysis 
of BAC, specifi cally examining pathological data-
bases in a retrospective manner to compare the 
outcome of pure BAC and invasive adenocarcino-
mas of similar stage. The results uniformly reveal 
that pure BAC has a lower incidence of lymph 
node spread and better outcome in comparison 
to same-stage adenocarcinomas. In contrast to 
the historical experience noted above, it may be 
possible to perform lesser resection for mini-
mally invasive pure BAC.

In the largest such study, Breathnach reviewed 
stage I BAC and stage I adenocarcinoma other 
than BAC in 138 patients.20 There were 105 
patients with adenocarcinoma and 33 patients 
with BAC. The pathological diagnoses of speci-
mens were consistent with the recent WHO clas-
sifi cation. Nineteen patients (58%) with BAC and 
69% of patients with adenocarcinoma had under-
gone lobectomy. Additional 39% among the BAC 
group had limited resections and 17% in the 
adenocarcinoma group had wedge resections. 
The median follow-up for the BAC group was 6.2 
years and for the adenocarcinoma group was 5.9 
years. Recurrence was similar in both groups 
being 36% of patients with BAC and 37% among 
the adenocarcinoma patients. There was no sig-
nifi cant difference in disease-free survival (DFS) 
in patients with BAC resected by lobectomy 
versus limited resection, although there was a 
trend toward longer DFS in patients who under-

TABLE 20.1. Comparison of published surgical series in the treatment of BAC.

Study Year Patients LN Mets (%) Recurrence rate (%) Survival 5 year 10 years

LCSG15 1989 235 15 7%/year Na na
Daly16 1991 134  8 38 61 28
Dumont17 1998  97 29 na 48 39
Regnards18 1998  42 na 59 30 na
Ebright19 2002 100 4 45 Na na

Abbreviations: LCSG, Lung Cancer Study Group; LN Mets, lymph node metastasis; na, not applicable.
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went lobectomy (83% vs. 66%). In contrast, 
patients with adenocarcinoma who underwent 
lobectomy had a signifi cantly longer DFS than 
those patients treated with limited resection (76% 
vs. 31%). Patients with BAC lived longer with a 5-
year survival of 83% compared to adenocarci-
noma with a survival of 63%. There was no 
signifi cant difference in survival among BAC 
patients treated with lobectomy or limited resec-
tion and interestingly between patients with T1 
or T2 lesions.

Two other smaller studies have examined 
pathological data and retrospectively compared 
BAC and invasive adenocarcinoma. Rena com-
pared 28 patients with stage I peripheral nodular 
BAC and 80 patients with stage I peripheral 
adenocarcinoma.21 Both 5-year disease-free and 
long-term survival were signifi cantly higher in 
patients with BAC (81 vs. 51% and 86 vs. 71%, 
respectively). In the other study, Sakurai investi-
gated 25 patients with BAC with 83 patients with 
other adenocarcinoma.22 These authors found 
lymph node involvement in 36% of adenocarci-
noma patients but none for any BAC lesions. At a 
median duration of follow-up of 5.1 years, the 
DFS was 100% for BAC compared to 64% for 
other adenocarcinomas. These studies in addi-
tion to the study by Breathnach suggest that the 
biological behavior of early-stage pure BAC is 
distinctly different than similar stage adenocar-
cinomas and probably NSCLC in general. The 
traditional approaches to NSCLC may not neces-
sarily apply to the minimally invasive tumors.

20.2.4. Limited Resections for 
Bronchoalveolar Carcinoma

The LCSG published a randomized, prospective 
trial comparing limited resection (segmentec-
tomy or wedge resection) with lobectomy for 

T1N0 NSCLC. This study clearly demonstrated 
the inferior results of limited resection when 
compared to lobectomy in survival and loco-
regional recurrence.23 More recently, Miller pub-
lished the results of surgical resection for NSCLC 
1 cm or less in diameter.24 These authors identi-
fi ed a 7% incidence of lymph nodal spread and 
at 43 months median follow-up, 18% of patients 
developed recurrent disease. These authors note 
that patients who underwent lobectomy had a 
signifi cantly better survival and less recurrence 
than patients who underwent lesser resections. 
Despite these results, based on the favorable 
behavior of pure BAC, several authors have 
recently published the surgical results of lesser 
resections for localized BAC. These results of 
four surgical series described below are tabulated 
in Table 20.2.

In a prospective review of limited resection 
for small peripheral BAC, the authors studied 
42 patients with tumors 2 cm or less. Of these 
patients, 34 underwent wedge resection.25 The 
authors converted to lobectomy if invasive 
features were identifi ed at surgery. At 30-month 
follow-up, all patients who underwent lesser 
resection are alive and without recurrence. In 
another study by Watanabe, 17 patients with pure 
ground-glass attenuation on HRCT underwent 
limited pulmonary resection.26 Fourteen under-
went wedge excision and 3 underwent segmentec-
tomy. No nodal dissection was performed. At 
32-month-follow up, no death or cancer recur-
rence is noted. These authors recommend wedge 
resection with video-assisted thoracoscopic 
surgery (VATS) as a minimally invasive curative 
surgery of this type of cancer. In another pro-
spective analysis, Nakata examined 33 patients 
with pure GGO lesion that were 1 cm or less.27 
Thoracoscopic wedge resection was completed in 
these 33 patients with the fi ndings of BAC in 23, 

TABLE 20.2. Results of limited resection.

Study Year Patients Criteria for resection Follow-up (months) Recurrence (%) Death (%)

Yamato25 2001 42 BAC <20 mm 30 0 0
Watanabe26 2002 17 Pure GGA 32 0 0
Nakata27 2003 33 Pure GGO <1 cm 18 0 0
Yamada28 2004 28 Pure GGO <2 cm 29 0 0

Abbreviations: BAC, bronchoalveolar carcinoma; GGA, ground-glass attenuation; GGO, ground glass opacity.
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AAH in 9, and adenocarcinoma in 1. At median 
follow-up of 18 months, there has been no evi-
dence of tumor recurrence or postoperative 
death. These authors recommend lobectomy and 
mediastinal dissection for mixed GGO (those 
revealing heterogeneous attenuation with a solid 
component) and pure GGO larger than 1 cm 
because of the higher incidence of invasive ade-
nocarcinoma among these lesions. Yamada eval-
uated 39 patients who demonstrated pure GGO 
less than or equal to 2 cm on HRCT.28 Twenty-
eight patients underwent wedge excision and 11 
underwent segmentectomy or lobectomy, 9 
patients had multiple lesions. The authors divided 
the fi nal pathology based on the extend of fi bro-
blastic proliferation and utilized Naguchi’s clas-
sifi cation for small adenocarcinomas to stratify 
their results. Of the 39 patients, 29 patients had 
localized BAC without active proliferation 
(Noguchi A or B). At a mean follow-up of 29 
months, no death or recurrence was noted among 
the localized BAC patients. The above studies 
support the notion that limited resections can be 
performed pure BAC, however, direct compari-
son with formal anatomical resection has not 
been made in a prospective manner.

20.2.5. Limited Resection Versus 
Traditional Resection

Three retrospective studies have compared 
limited resection by wedge excision to anatomi-
cal resection by lobectomy or segmentectomy. 
The major limitation of all three studies are the 
small number of patients undergoing limited 
resections and the last study described below 
failed to reach a statistical difference.

In the evaluation by Okubo, the authors studied 
119 patients with BAC. Among this group, 58 
patients had lesions larger than 3 cm and 14 
patients had multiple lesions.29 The median 
follow-up was 7 years; these authors noted an 
overall survival of 69% at 5 years and 57% at 10 
years among the 107 patients who underwent 
resection. The authors identifi ed wedge resection 
and nodal involvement as having a negative 
impact on survival. Although this is a large study 
of patients, it should be noted that the study 
group included only 17 patients with pure BAC, 
with the remainder of patients having adenocar-

cinoma and various percentages of BAC. In 
another retrospective analysis, Liu reviewed 153 
patients with BAC, of which 93 underwent surgi-
cal resection.30 Most patients presented with a 
solitary pulmonary nodule (85%). Eighty patients 
underwent either lobectomy or bilobectomy 
and 7 were treated with pneumonectomy. Only 7 
patients underwent wedge excision, for reasons 
not clearly defi ned. Most patients (66%) were 
stage I. Patients who underwent lobectomy or 
bilobectomy noted a higher survival although the 
wedge group was very small. Nodal involvement 
was noted to have a signifi cant negative impact 
on survival. Lastly, Furak analyzed 67 patients 
with BAC in a retrospective analysis.31 Among the 
55 patients without multifocal disease, surgical 
procedures included anatomical resection in 49 
patients and only 6 patients underwent wedge 
excision. Histological analysis conformed to 
current WHO guidelines. Almost 30% of patients 
had lymph node metastasis and the overall 5-year 
survival was 62%. When comparison between 
wedge resection was made against lobectomy and 
pneumonectomy, the 5-year survival favored 
anatomical resection (60% vs. 37%) but did not 
reach statistical signifi cance.

20.2.6. Defining Criteria for 
Limited Resection

As evident in the previous reviewed studies, the 
criteria applied to select patients for limited 
resection are unclear, with some parameters 
infl uenced by subjective bias. To better defi ne 
objective criteria, several authors have focused 
on HRCT fi ndings that may better predict those 
patients who should undergo limited resection.32–37 
The specifi c criteria found in these studies are 
summarized in Table 20.3.

20.2.7. Multifocal and Advanced 
Bronchoalveolar Carcinoma

Mulitfocal disease has been shown to have 
favorable outcomes in several published series 
evaluating BAC.16,17,19 In addition, investigators 
have reported the effi cacy of resecting multiple 
synchronous or metachronous NSCLC.38–40 Daly 
found a survival around 36% at 5-year survival 
for unilateral multicentric disease but no survi-
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vors with bilateral multicentric disease.16 Donker 
evaluated the impact of surgery and chemother-
apy in patients with advanced BAC.41 These 
authors’ evaluated 126 patients, and 51 patients 
(41%) had advanced disease (stages IIIb and IV). 
Surgery was associated with prolonged survival 
in patients with mulitfocal disease in comparison 
to supportive care. The median survival reported 
was better among patients with multifocal lesions 
confi ned to a single lobe than multiple lobes. 
Interestingly, those patients who underwent 
surgery plus chemotherapy did not demonstrate 
a survival advantage to those who underwent 
surgery alone. One signifi cant limitation to this 
retrospective analysis is that the pathology 
specimens were not re-reviewed to confi rm the 
diagnosis of BAC. In another analysis, Roberts 
evaluated 73 patients with BAC, of whom 14 
patients had multifocal disease without evidence 
of lymph node metastasis.42 These authors note 
an overall 5-year survival after resection of mul-
tifocal BAC at 64%; in contrast to the previous 
study, these authors found no difference is sur-
vival between unilateral and bilateral distribution.

With more diffuse and bilateral disease, the 
survival is dismal and often less than 1 year. The 
tendency of BAC to metastasize locally within the 
thorax has prompted evaluation of radical local 
therapy. Patients with the mucinous variety of 
BAC can experience severe disabling bronchor-
rhea or refractory hypoxia, decreasing the quality 
of life. Zorn and others have reported successful 
single- and double-lung transplant for patients 
with advanced BAC.43,44 Although symptom relief 

was impressive, the recurrence rate of the origi-
nal tumor is high. The indication for lung trans-
plantation in this situation remains controversial. 
Others have reported successful palliative pneu-
monectomy in select patients with unequal 
distribution of disease.45 The effi cacy of this pro-
cedure remains to be proven.

20.2.8. Molecular Targeting Therapy for 
Advanced Bronchoalveolar Carcinoma

The epidermal growth factor receptor (EGRF) 
has recently emerged as a leading target for the 
treatment of NSCLC. The EGRF tyrosine kinase 
inhibitors, gefi tinib and erlotinib, have been 
found to be effective in some patients with in 
advanced BAC.46–48 Interestingly, the greatest 
response rates have been reported in women and 
never smokers.

20.3. Summary of Surgical Data

Prior to 1999, the WHO classifi cation of BAC sur-
gical series included pure BAC as well as adeno-
carcinoma with various degrees of BAC. This 
conglomeration may have contributed to the dis-
crepancies in outcome and the overall poor 
outcome of resected BAC. There is no random-
ized level 1 data to draw defi nite conclusions. The 
following is a synopsis of the major fi ndings and 
conclusions.

1. Bronchoalveolar carcinoma is curable with 
appropriate surgical therapy; incomplete resec-
tion results in dismal prognosis.

2. The incidence and value of lymph node 
dissection is not clearly defi ned.

3. The prognosis of BAC is dependent on its 
presenting CT appearance.

4. Stage I pure BAC biologically behaves in a 
more favorable manner than similar stage inva-
sive adenocarcinomas and may be a candidate for 
lesser resections. Level of evidence is 2+ and rec-
ommendation grade is B.

5. Patients with pure BAC, presenting as GGO 
less than 1 cm, may be candidates for limited 
resection with excellent early results. These 
patients will have to be identifi ed prior to surgery 
based on specifi c HRCT characteristics. Level of 
evidence is 2++ and recommendation grade is B.

TABLE 20.3. Preoperative predictors of favorable outcome to 
limited resection.

  Total patients Predictor for
Study Year analyzed favorable outcome

Nakamura 2004  100 Pure GGO <2 cm
Nakata37 2005  146 GGO opacity ration >90%
Higashiyama36 1999  206 BAC component of
     peropheral Ad Ca >50%
Suzuki35 2002 1540 Pure GGO component
Namori34 2003  100 Single peak at low CT 
     number on histogram
Kodama33 2001  104 BAC with GGO area >50%
Matsuguma32 2004   90 GGO area >50%

Abbreviations: Ad Ca, adenocarcinoma; BAC, bronchoalveolar carcinoma; 
CT, computed tomography; GGO, ground glass opacity.
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6. All other patients with BAC should undergo 
standard anatomical lung resection based on 
pulmonary function capacity. This is supported 
by randomized data. Level of evidence is 1+ and 
recommendation grade is A.

7. Patients with ipsilateral or bilateral multifo-
cal disease may be candidates for aggressive 
surgical resection if complete resection can be 
accomplished.

8. There may be a role for palliative surgical 
intervention with pneumonectomy or lung trans-
plantation in select patients for symptom control. 
This is controversial.

9. Patients with unresectable advanced disease 
should be enrolled into appropriate clinical trials. 
EGFR tyrosine kinase inhibitors hold future 
promise.

20.4. Opinion of the Authors

It is our opinion that until longer follow-up and 
randomized, prospective data is available, the 
standard therapy for patients presenting with 
early-stage BAC should be complete anatomical 
resection and complete mediastinal lymph node 
dissection. Patients with GGO that are observed 
to change after a period of 3 to 6 months should 
undergo resection. If adenocarcinoma is identi-
fi ed on intraoperative frozen section analysis, 
complete surgical resection should be performed. 
As we have shown previously,24 even cancers less 
than 1 cm can result in recurrence and systemic 
metastasis. We reserve limited resection only for 

those patients with compromised lung function 
who would not tolerate a formal lung resection. 
Thorascopic techniques can be applied success-
fully in the management of early-stage lung 
cancer without compromising the oncologic 
principles and should be tailored to each indi-
vidual surgeon’s comfort level.

Patients with multifocal disease, either unilat-
eral or bilateral, are candidates for parenchymal-
sparing lung resection. The benefi t of lobectomy 
in these patients is not supported and in our 
practice, multiple wedge resections and medias-
tinal lymph node dissection is performed. Pallia-
tive pneumonectomy should be performed for 
patients with severe incapacitating bronchorrhea 
or refractory hypoxia.

Future studies will need to evaluate in a ran-
domized prospective analysis, if patients with 
pure BAC presenting as GGO should undergo 
limited resection or traditional surgery. With 
the survival benefi t demonstrated for early-stage 
lung cancer treated with postoperative adjuvant 
therapy, further studies need to be done using 
EGFR inhibitors in this application specifi cally in 
patients with BAC.
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Lung Volume Reduction Surgery in 
the Candidate for Lung Transplantation
Christine L. Lau and Bryan F. Meyers

chapter to review the specifi c evidence support-
ing lung transplantation or LVRS as a therapy for 
emphysema. While this work will presuppose 
eligibility for either procedure and address the 
evidence guiding selection of an initial opera-
tion, the tables supporting the text will reiterate 
commonly accepted exclusion criteria for either 
procedure.

21.1. Patient Selection for Lung 
Volume Reduction Surgery Versus 
Lung Transplantation

Lung transplantation and LVRS are invasive pro-
cedures with a risk of both morbidity and mortal-
ity to patients receiving such operations, thus 
both procedures are directed only at patients who 
remain symptomatic despite optimal medical 
treatment. Pulmonary rehabilitation programs 
have been shown to relieve subjective dyspnea, 
increase functional capabilities, and improve 
subjective quality of life. All patients considered 
for surgical treatment of emphysema should be 
enrolled in a supervised pulmonary rehabilita-
tion program and their subsequent consideration 
for surgery should be based on their compliance 
and progress with rehabilitation. Because lung 
transplantation and LVRS carry an increased 
perioperative risk of morbidity and mortality, 
and because increased life expectancy has only 
been shown in a subset of patients undergoing 
LVRS, patients considering an operation must be 
willing to accept the possibility of a shortened life 
in exchange for an anticipated relief from dyspnea 

Emphysema is a progressive, unrelenting disease 
that results in a continued decline in pulmonary 
function. When pulmonary function testing 
documents a forced expiratory volume in 1 s 
(FEV1) of less than 30% predicted values, the 3-
year mortality risk has been estimated at 40% to 
50%.1–4 Because of the increased mortality and 
the decreased quality of life seen with severe 
emphysema, multiple surgical treatments have 
been devised for patients with emphysema. The 
majority of these surgical interventions have 
been subsequently abandoned because of the lack 
of reproducible benefi ts and the false physiologi-
cal principles upon which they were based. An 
excellent published review on the history of 
emphysema surgery has been provided by Deslau-
riers.5 As surgeons and physicians gained a better 
understanding of the pathophysiology of emphy-
sema, most of these procedures would be consid-
ered of historical interest with no current practical 
value. Today, two surgical options exist for 
patients with severe emphysema: lung volume 
reduction surgery (LVRS) and lung transplanta-
tion. In the properly identifi ed recipient, both 
procedures provide an improvement in quality of 
life, exercise tolerance, and, possibly, survival. 
Combinations of LVRS and lung transplantation, 
either simultaneously or sequentially, may be 
considered under rare circumstances. This 
chapter will review the results achieved with lung 
transplantation and LVRS and then attempt to 
address the specifi c question: which of the two 
surgical strategies is best supported by the evi-
dence as the initial approach for the candidate 
with dual eligibility? It is beyond the scope of this 
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and an improvement in quality of life. Specifi c 
indications for lung transplantation or LVRS are 
mentioned with regard to each operation.

21.1.1. Transplantation for 
End-stage Emphysema

Pulmonary emphysema was once thought to be a 
contraindication for lung transplantation. During 
the era preceding bilateral transplantation, the 
perceived diffi culties of ventilation and perfusion 
mismatching with the native and newly trans-
planted lung were thought to be too great an 
obstacle. After the initial success with single-
lung transplantation for emphysema was 
reported6 and after the development of tech-
niques to allow safer bilateral lung transplanta-
tion,7,8 the use of lung transplantation for patients 
with emphysema quickly increased. Emphysema 
quickly became the leading diagnosis cited as an 
indication for transplant, partly due to the pre-
valence of emphysema and partly due to the 
survival advantage that emphysema patients 
demonstrate while awaiting lungs after being 
listed for transplantation.

Emphysema and α1-antitrypsin defi ciency 
have become the most common indications for 
pulmonary transplantation. These two indica-
tions together account for 61.2% of the adult 
single-lung transplants and 32.1% of the bilateral 
lung transplants reported in the 2005 Registry of 
the International Society for Heart and Lung 
Transplantation (ISHLT), as reported by Trulock 
and colleagues.9 General criteria for transplanta-
tion in these patients have been reported by 
Trulock.10 Most patients considered for trans-
plant have deteriorated to a point at which oxygen 
supplementation is required. In experience 
described by Trulock, the mean supplemental 
oxygen requirement at the time of transplanta-
tion was slightly in excess of 4 L/min. The obstruc-
tive physiology in these patients resulted in a 
FEV1 of well under 1 L, or approximately 16% of 
predicted normal values for the average patient. 
This particular patient group usually has a stable 
course with excellent survival on the waiting list 
while awaiting pulmonary transplantation. Pro-
gressive elevation in PCO2 has been observed in 
some patients, however, with several of these 
individuals undergoing transplantation with the 

PCO2 in excess of 100 mm Hg. The current criteria 
used at Washington University for evaluating 
potential lung transplant candidates are recorded 
in Table 21.1.

The advantages of lung transplantation are 
obvious: complete replacement of the diseased 
and nonfunctional lung with a new and healthy 
donor lung. Initial and long-term function of 
patients with single- or bilateral lung transplants 
for emphysema show a dramatic improvement 
in pulmonary function and exercise tolerance 
with elimination of the need for supplementary 
oxygen. The experience at Washington Univer-
sity is recorded in Table 21.2, showing survival of 
88% at 1 year and 59% at 5 years after transplant 
for emphysema. Together, patients with emphy-
sema and α1-antitrypsin defi ciency emphysema 
comprise 55% of those undergoing transplanta-
tion over the past 16 years and the results in this 
subset are superior to those observed in the 
overall cohort of transplant recipients.

The disadvantages of lung transplant are well 
known but worth reviewing. First, the lack of 

TABLE 21.1. Indications and contraindications for lung volume 
reduction surgery and lung transplantation.

Indications common to both procedures
  Emphysema with destruction and hyperinflation
  Marked impairment (FEV1 <35% predicted)
  Marked restriction in activities of daily living
  Failure of maximal medical treatment to correct symptoms
Contraindications to both procedures
  Abnormal body weight (<70% or >130% of ideal)
  Co-existing major medical problems increasing surgical risk
  Inability or unwillingness to participate in pulmonary rehabilitation
  Unwillingness to accept the risk of morbidity and mortality of surgery
  Tobacco use within the last 6 months
  Recent or current diagnosis of malignancy
  Increasing age (>65 years for transplant, >70 years for volume 
    reduction)
  Psychological instability, such as depression or anxiety disorder
Discriminating conditions favoring lung volume reduction surgery
  Marked thoracic distension
  Heterogeneous disease with obvious apical target areas
  FEV1 >20% predicted
  Age between 60 and 70 years
Discriminating conditions favoring lung transplantation
  Diffuse disease without target areas
  FEV1 <20% predicted
  Hypercarbia with Paco2 >55 mm Hg
  Pulmonary hypertension
  Age less than 60 years
  α1-Antitrypsin deficiency
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available donor lungs has created a situation in 
which the waiting time for a transplant recipient 
in our program routinely exceeds 2 years. The 
changes in the lung allocation rules in May 2005 
may make this waiting time even longer for 
emphysema patients as it has been devised to pri-
oritize patients based on severity of disease rather 
than time on the list. There have not been reports 
on the disease-specifi c impact of the new alloca-
tion algorithm, but most suspect that patients 
with emphysema will suffer decreased donor 
lung availability. Once lungs become available, 
the initial morbidity and mortality of lung trans-
plant is higher than that reported for lung volume 
reduction, with mortality variously described as 
5% to 15% for the fi rst 30 days and somewhat 
higher for the fi rst year. For the survivors, the 
presence of allograft lungs creates the need for 
lifelong immunosuppression, which carries with 
it high medical costs to the individual and society 
and an increased risk of hypertension, renal dys-
function, hyperlipidemia, neoplasm, and infec-
tion when compared with nonimmunosuppressed 
patients. Finally, the risk of developing chronic 
allograft dysfunction, or bronchiolitis obliterans 
syndrome (BOS), increases with time since trans-
plant and reaches 50% to 60% by 5 years after 
transplant. The cumulative 5-year survival of our 
lung transplant experience for emphysema is 
58%, a fact that clearly demonstrates the imper-
fect solution that transplant offers to emphysema 
patients.

Early reports on the effi cacy of lung transplant 
for pulmonary emphysema compared the merits 
and risks of bilateral (BLT) versus single (SLT) 
lung transplantation and demonstrated a higher 
perioperative risk for the bilateral operation 
without a demonstrable functional benefi t to the 

recipients.11,12 For that reason and for the reason 
of better utilization of graft lungs, SLT quickly 
became the preferred operation for obstructive 
lung disease. More recent reports, however, have 
made BLT appear a better option for obstructive 
lung disease, although the comparisons are not 
randomized. The 2005 ISHLT registry data 
reports signifi cantly improved survival of bilat-
eral rather than single-lung procedures over 10 
years after transplantation for chronic obstruc-
tive pulmonary disease (COPD; p < 0.001) and for 
α1-antitrypsin defi ciency emphysema (p = 
0.007).9 Single center data from Washington Uni-
versity shows a 5-year survival of 65% for patients 
undergoing bilateral lung transplantation for 
emphysema compared to only 45% for those 
undergoing single-lung transplantation (p 
<0.001). The in-hospital mortality is not different 
between SLT (7.0%) and BLT (5.9%; p = 0.79). The 
freedom from BOS for patients transplanted for 
emphysema was 30.6% at 5 years for SLT com-
pared to 53.0% of BLT (p = 0.006).13 The Duke 
Lung Transplant group has also shown an 
increased rate of BOS in recipients undergoing 
SLT compared to those receiving BLT.14 Table 21.2 
shows the survival data for all patients with lung 
transplants performed by Washington Univer-
sity. As demonstrated, COPD and α1-antitrypsin 
defi ciency emphysema affect more than half of 
the total recipients and have outcomes that meet 
or exceed the group of transplant recipients as a 
whole. The functional status of transplant recipi-
ents in our program was reviewed by Gaissert 
and colleagues.15 Figure 21.1 shows the effect of 
BLT and SLT on the FEV1, with both groups start-
ing below 20% of predicted values and both 
enjoying a sustained benefi t over the fi rst 12 
months of observation. Figure 21.2 shows the 
results of the measured 6-min walk for the same 
patients.

21.1.2. Lung Volume Reduction Surgery

The advantages of lung volume reduction for 
suitable candidates are numerous, including the 
relief of dyspnea and improvement of functional 
capabilities without the cost and adverse side 
effects of organ transplantation. There is no 
built-in waiting time as seen with transplan-
tation; as soon as candidates can reach the 

TABLE 21.2. Patient actuarial survival: Washington University 
Lung Transplant Program, 1988–2004.

 Kaplan–Meier Survival

Diagnosis Number 1 year 3 years 5 years

COPD 316 88% 76% 59%
ATDef 108 83% 73% 59%
All transplants 764 85% 73% 58%

Abbreviations: ATDef, α1-antitrypsin deficiency; COPD, chronic obstruc-
tive pulmonary disease.
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pulmonary rehabilitation exercise goals they are 
ready for the procedure. The early and late mor-
tality for lung volume reduction are lower than 
those reported for transplantation. Without the 
concern for distribution of a scarce commodity 
such as donor lungs, lung volume reduction can 
be offered with slightly less rigid adherence to 
selection criteria. For example, a 72-year-old who 
is otherwise an acceptable volume reduction can-
didate would be considered for the procedure, 
whereas such a patient would likely not be added 
to a transplant waiting list. The drawback of 
volume reduction is that it is dependent on strin-
gent anatomical and pathological characteristics 
in the patient’s lungs. Early work has shown that 
the lack of specifi c target areas and, to a lesser 
extent, the absence of apical target areas in par-
ticular decrease the likelihood of a good result. 
Specifi c indications and contraindications for 

lung volume reduction surgery are listed in Table 
21.1. The refi nements of the selection criteria that 
resulted from the National Emphysema Treat-
ment Trial (NETT)16 have made the overlap in 
indications for LVRS and transplant even smaller. 
Patients deemed at high risk for death after LVRS 
include those with an FEV1 less than 20% pre-
dicted and either homogeneous emphysema or a 
diffusing capacity of carbon monoxide (DLCO) 
less than 20% predicted. The specifi c subgroup 
of FEV1 less than 20% and DLCO less than 20% 
with ideal heterogeneity of emphysematous 
obstruction was not specifi cally addressed by the 
NETT high-risk paper, but it is likely the risk in 
not greatly elevated over baseline risk faced by 
most patients.17

Multiple prospective observational studies 
as well as several randomized, controlled trials 
have shown the benefi ts of LVRS, including 
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improvement in functional status and quality of 
life.18–20 Most studies in the literature report a 
postoperative mortality of 3% to 8% for LVRS.21 
The remarkable fi nding is that these fairly 
uniform results have been obtained despite 
the use of a wide array of surgical strategies 
including bilateral and unilateral approaches, 
open and thoracoscopic operations, and but-
tressed or unbuttressed staple lines. The consis-
tent theme among reports of successful lung 
volume reduction programs has been meticulous 
patient selection, methodical patient preparation 
with reduction of risk factors, and attentive post-
operative care.

Even prior to the recent release of the NETT 
results, at least fi ve randomized and controlled 
trials compared medical treatment to LVRS and 
showed improvements in physiological and func-
tional parameters in the surgically treated arm. 
These studies were all designed to evaluate the 
short-term benefi ts.22–26 The results of the NETT, 
a multi-institutional randomized trial compar-
ing medical treatment to LVRS for select patients 
with emphysema, were released in 2003.16 
Although the trialists had originally planned to 
enroll 4700 patients, poor recruitment resulted in 
substantially fewer enrollees (1218 patients).27

Following an interim analysis of results,28 140 
patients with high risk of death following surgery 
were excluded. After excluding this group, the 
538 non–high-risk patients that were randomly 
assigned to surgery were more likely to have 
improvements in exercise capacity and quality of 
life compared to the 540 non–high-risk patients 
randomly assigned to medical therapy. For the 
entire group there was no reduction in mortality 
in the surgical group during an average 29 months 
of follow-up (risk ratio, 0.89; p = 0.31).16 Exercise 
capacity was improved in the surgically treated 
group, with an improvement after 24 months in 
the surgical group of more than 10 W in 16% of 
patients, as compared to 3% of patients in the 
medically treated group (p < 0.001).

Subgroup analysis of results revealed some 
interesting fi ndings among distinct cohorts 
within the trial participants.29 Four subgroups 
were defi ned according to the presence or absence 
of upper lobe predominant emphysema and the 
exercise capacity (low or high) at the time of 
baseline evaluation. The effect of LVRS surgery 

on mortality varied among these four subgroups. 
An improvement in survival was seen for LVRS 
recipients in the subgroup of patients with 
predominantly upper-lobe emphysema and low 
baseline exercise tolerance. In this group the risk 
ratio of death in the LVRS-treated group com-
pared to the medically treated group was 0.47 (p 
= 0.005), showing a signifi cant survival benefi t of 
surgery. In the subgroup with non–upper-lobe 
predominance emphysema and high exercise 
capacity, the risk of death was signifi cantly higher 
in the surgical group compared to the medical 
group (risk ratio 2.06; p = 0.02). In the two remain-
ing subgroups, surgery appeared to have little 
effect on the risk of death [risk ratio of LVRS to 
medical care in the subgroup with upper-lobe 
emphysema and high baseline exercise tolerance 
was 0.98 (p = 0.70), while in the subgroup with 
non–upper-lobe predominance emphysema and 
low exercise capacity the risk ratio was 0.81 (p = 
0.49)]. All four subgroups experienced improve-
ment in exercise capability and self-reported 
quality of life.

The NETT trial added additional weight to the 
preponderance of evidence in support of LVRS 
for properly selected patients. The specifi c inclu-
sion and exclusion criteria for the NETT have 
been adopted in the national coverage decision 
for LVRS by the Center for Medicare Services. 
Therefore, pending any adjustments, the criteria 
for LVRS are well mapped out and the question 
remains: what does one offer a patient who 
appears to be a suitable candidate for both 
procedures?

21.2. Optimal Surgical Management 
of End-Stage Emphysema

There are several permutations in which lung 
transplantation and lung volume reduction can 
be combined to optimize treatment for patients 
with emphysema. These combinations have all 
been tried and have been anecdotally reported 
for clusters of patients. The combined approaches 
can be summarized as follows: volume reduction 
as a bridge to transplant, simultaneous single-
lung transplant and unilateral volume reduction 
to prevent native lung hyperexpansion, early 
post-transplant unilateral volume reduction to 
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treat acute native lung hyperexpansion, and late 
unilateral volume reduction to treat chronic 
native lung hyperexpansion. Todd and colleagues 
reported the Toronto experience30 with simulta-
neous unilateral volume reduction to improve 
overall lung function prospectively after a single-
lung transplant. They experienced no postopera-
tive problems, and the pulmonary function at 
3 months was better than expected based on 
historical controls receiving a single lung for 
emphysema. Yonan and colleagues retrospec-
tively analyzed 27 patients who received 31 single-
lung transplants for emphysema.31 They identifi ed 
12 patients who experienced early or late native 
lung hyperexpansion, and they performed two 
early lung volume reduction operations to combat 
this problem. Their analysis included an assess-
ment of risk factors, and they concluded that low 
pretransplant FEV1, high residual volume, and 
relative pulmonary hypertension were all associ-
ated with a higher risk for native lung hyperex-
pansion. They did not perform or advocate 
volume reduction simultaneous with a single-
lung transplant for emphysema. The use of LVRS 
for late native lung hyperexpansion after single-
lung transplantation can be described as rare and 
anecdotal. Kroshus and colleagues reported 
three patients who were treated with unilateral 
LVRS for native lung hyperinfl ation and post-
transplant dyspnea that was not attributable to 
infection or rejection. The patients represented a 
small fraction of the 66 single-lung transplants 
performed at that center for emphysema. The 
volume reduction operations were performed 12, 
17, and 42 months after the initial lung transplan-
tation; and all patients experienced substantial 
relief of their dyspnea with an improvement in 
exercise tolerance and in the appearance of the 
chest radiograph.32 A similar report by Le Pimpec-
Barthes and coworkers described successful 
treatment of symptomatic native lung hyperex-
pansion by volume reduction of the native side in 
the form of a right upper lobectomy.33

The use of volume reduction as a bridge to 
transplant is the form of combined procedures 
that has been most frequently attempted. The 
concept was introduced to the medical literature 
by Zenati and colleagues in 1995 when they 
reported two patients who received single-lung 

transplants 17 months and 4 months, respec-
tively, after laser ablation of emphysematous 
bullae.34 One group has prospectively performed 
volume reduction in patients thought to be also 
eligible for transplantation.35 This center found 
31 patients eligible for both procedures; at the 
same time, they identifi ed 20 patients who were 
suitable for LVRS alone and 139 who were thought 
to be transplant candidates only. Twenty-four 
patients had successful LVRS, and 7 (including 1 
death) were considered LVRS failures. Follow-up 
was too short at the time of the report to know 
how frequently late transplants would be per-
formed and the series has not been followed-up 
with the long-term results.

Our own results with LVRS in transplant-
eligible patients have been reported.36 We retro-
spectively identifi ed 99 of 200 patients who 
underwent bilateral LVRS and who were thought 
to have been transplant eligible. With a median 
follow-up of 5.1 years, 32 of the 99 had been listed 
for transplant, and 15 had undergone transplan-
tation without a peri-operative mortality. The 
only preoperative or operative factor that was 
predictive for the subsequent need for transplan-
tation was a lower-lobe, rather than an upper-
lobe, LVRS procedure. The actuarial survival 
results from the Washington University Lung 
Volume Reduction Program are shown in Figure 
21.3.37 Pulmonary function and the 6-min walk 
test results before and after lung volume reduc-
tion are shown in Table 21.3.37

Others have shown prior LVRS does not pre-
clude subsequent successful lung transplanta-
tion.38,39 Bilateral LVRS appears to be a more 
effective bridge.39 Initial LVRS in candidates for 
LVRS or transplantation should have the goal of 
providing relief from dyspnea, improved func-
tional status, and allow the patients to get into 
improved physical condition for transplantation. 
Lung volume reduction surgery is used to palliate 
these patients during their long waiting period. 
Senbaklavaci and colleagues38 reported their 
results of 27 patients who underwent LVRS fol-
lowed by lung transplantation at their institution. 
In the group that had a FEV1 increase greater 
than 20% after LVRS, they found these patients 
were brought into a better pretransplant condi-
tion that resulted in a decreased mortality at the 
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time of lung transplantation. Patients who failed 
LVRS, however, were poor candidates for lung 
transplantation as their pretransplant condition 
was not improved. In a multi-institutional expe-
rience of 35 lung transplant patients who had 
previously undergone LVRS, the median time 
from LVRS to transplant was 4.1 years (range, 
1.1–8.2).40

Many patients have had LVRS as a functional 
bridge to transplant, but it has occurred not so 
much as part of an a priori plan to bridge them 

as it was additional treatment for crippling 
dyspnea that was not improved suffi ciently by 
lung volume reduction. The concept is attractive 
on the surface: patients obtain volume reduction 
initially and relieve part of the crunch for avail-
able lungs to transplant. The benefi t for the 
patient successfully volume reduced initially is 
the possibility that transplant might be avoided 
altogether by an excellent response to the reduc-
tion. A second possibility is that transplant is 
delayed by several years and the patient is 
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FIGURE 21.3. Kaplan–Meier survival of 250 patients 
after bilateral lung volume reduction surgery at 
Washington University School of Medicine. Data 
were censored for missing data (1 patient), lung 
transplantation (18 patients), or end of follow-up. 
(From Ciccone et al37).

TABLE 21.3. Pulmonary function and exercise test results before and after surgery.

 Evaluation After rehabilitation 6-month PO 1-year 3-year PO  5-year PO
 baseline (n = 249) (n = 249) (n = 231) PO (n = 225) (n = 178) (n = 106)

Time from surgery  −124 ± 79 −6 ± 5 193 ± 36 401 ± 60 1076 ± 133  1799 ± 217
  (days, mean ± SD)
FEV1 Mean ± SD (L) 0.7 ± 0.2  0.7 ± 0.3  1.1 ± 0.5  1.0 ± 0.5  0.9 ± 0.5 0.8 ± 0.5
% predicted  25%*  26%  39%**  38%**  34%**  30%***
RV Mean ± SD (L) 5.9 ± 1.4  5.8 ± 1.3  4.0 ± 1.2  4.1 ± 1.3  4.2 ± 1.3 4.8 ± 1.8
% predicted 282%* 277% 189%** 193%** 198%** 222%**
RV/total lung capacity 72 ± 7*  70 ± 7    −57 ± 9**     −58 ± 10**    −61 ± 11**   −66 ± 11**
  (%, mean ± SD)
DLCO Mean ± SD 9.1 ± 3.7  8.9 ± 3.9 10.4 ± 4.6 10.3 ± 4.3  9.2 ± 4.1 8.6 ± 4.2
  (mL/[min • mm Hg])
% predicted  34%*  33%  39%*  39%**  36%*  34%*
6-min walk    −919 ± 335**  1142 ± 291  1345 ± 316*    −1341 ± 310**   1271 ± 305** 348*
  (mean ± SD, ft)

Abbreviation: DLCO, diffusine capacity of carbon monoxide; PO, postoperative.
*p ≥ 0.05 for paired analyses with scores after rehabilitation.
**p ≤ 0.001 for paired analyses with scores after rehabilitation.
***p 0.02 for paired analyses with scores after rehabilitation.
Source: Ciccone et al.37
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given a transplant with a later cohort, with 
the possibility of improved techniques, better 
immunosuppression, and overall better survival. 
Finally, because the falloff in the survival curve 
is steeper for lung transplant recipients that it is 
for LVRS recipients, anything that can safely 
delay entry onto the steeper survival curve is 
worth pursuing.

The logic of the potential benefi ts of LVRS as a 
bridge to transplant falls apart when faced with 
some aspects of reality. First, the anatomical and 
physiological criteria for volume reduction are 
much more restrictive than those for transplan-
tation, so it is unlikely that a large fraction of 
transplant candidates could be safely and suc-
cessfully treated with volume reduction. Also, 
the dilemma remains as to how to treat a patient 
at the upper limit of acceptability with regard to 
age. It is possible that a patient who is acceptable 
for both procedures at age 62 might face ineligi-
bility for future lung transplantation years later 
when lung function declines. Results have con-
fi rmed this: of the 15 patients in one center who 
have undergone transplantation after bilateral 
LVRS, only one was older than 60 years of age at 
the time of LVRS evaluation. The next oldest was 
58, and the mean age for the group was 54 
years.36

It is worth noting that some factors in this 
decision-making process are in fl ux. The system 
of allocation of graft lungs to potential recipients 
was formally changed in the United States in May 
2005. As a result, priority for donor lungs is based 
on a score determined by an algorithm that favors 
patients with high risk of pretransplant death 
and high likelihood of pretransplant survival. 
It is unclear how this will affect emphysema 
patients, but it is likely to lower the priority of 
most emphysema patients when compared to 
patients with other diagnoses leading to trans-
plantation. The system is too new to allow 
meaningful conclusions, but it certainly has the 
potential to change strategies for the patients 
who are the subjects of this review.

21.3. Conclusions

There are currently two surgical therapies aimed 
at crippling, end-stage emphysema: lung trans-

plantation and LVRS. We favor a meticulous 
selection process in which both options are 
considered and the best option is selected for 
each patient. Patients with ideal circumstances 
for LVRS have hyperinfl ation, heterogeneous dis-
tribution of disease, FEV1 20% or greater, and a 
normal PCO2; they are offered LVRS (level of evi-
dence 4; recommendation grade D). In contrast, 
patients with diffuse disease, low FEV1, hyper-
capnia, and associated pulmonary hypertension 
are directed toward a transplant (level of evi-
dence 4; recommendation grade D). Lung volume 
reduction surgery has not been a satisfactory 
option for patients with α1-antitrypsin defi ciency, 
and transplantation must be considered in these 
cases (level of evidence 4; recommendation grade 
D). With these considerations, we fi nd that few 
patients are serious candidates for both proce-
dures. The literature supporting decision making 
in this fi eld is mostly the case-series level of evi-
dence (Table 21.4) Lessons from prospective 
randomized trials are available, but applying 
them to decision making in treatment allocation 
requires creativity because they are usually side 
issues or subset analyses that apply to the patients 
in question here. Finally, the recent changes in 
the allocation system for lung transplantation 
may have an impact on decision making for the 
patients who are currently viewed as viable can-
didates for the two procedures.

Patients with ideal circumstances for LVRS 
have hyperinfl ation, heterogeneous distribu-
tion of disease, FEV1 20% or greater, and a 
normal PCO2; they should be offered LVRS 
(level of evidence 4; recommendation grade 
D).

Patients with diffuse disease, low FEV1, 
hypercapnia, and associated pulmonary 
hypertension are directed towards lung trans-
plantation (level of evidence 4; recommenda-
tion grade D).

Lung reduction volume surgery has not 
been a satisfactory option for patients with 
α1-antitrypsin defi ciency, and transplanta-
tion should be considered in these cases (level 
of evidence 4; recommendation grade D).
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22
Pleural Sclerosis for the Management of 
Initial Pneumothorax
Richard W. Light

model to assess the factors associated with 
re currence of pneumothorax in 138 patients and 
found that recurrence was signifi cantly more 
frequent in patients with secondary spontan-
eous pneumothorax, in taller patients, and in 
patients with lower weight. Other authors have 
also reported that the recurrence rates with 
secondary spontaneous pneumothorax without 
treatment are slightly higher than those for 
primary spontaneous pneumothorax without 
treatment.6,7

The main difference in the treatment of 
primary and secondary spontaneous pneumo-
thoraces is that it is more important to prevent 
recurrences with secondary pneumothoraces 
because a recurrence of a secondary pneumotho-
rax may be life threatening. In contrast, the 
recurrence of a primary pneumothorax is usually 
not life threatening.

22.1. Summary of Published Data

There are several ways by which one can try to 
prevent recurrence of a pneumothorax. These 
include the injection of various sclerosing agents 
such as a tetracycline derivative or talc suspended 
in saline (talc slurry) through a chest tube, 
medical thoracoscopy with the insuffl ation of 
talc, and video-assisted thoracic surgery (VATS) 
with the treatment of subpleural blebs and a 
concomitant procedure to produce a pleurodesis. 
The pleurodesis can be produced by pleural abra-
sion, partial parietal pleurectomy, talc insuffl a-
tion, or the intrapleural instillation of another 

A pneumothorax occurs when there is air in the 
pleural space. Pneumothoraces are classifi ed as 
spontaneous, which occur without preceding 
trauma or other obvious cause, or traumatic, 
which occur as a result of trauma to the chest. 
Spontaneous pneumothoraces are subclassifi ed 
as primary or secondary. A primary spontaneous 
pneumothorax occurs in an otherwise healthy 
person without underlying lung disease. A sec-
ondary spontaneous pneumothorax complicates 
an underlying lung disease, most commonly 
chronic obstructive pulmonary disease.

Because there is a high rate of recurrence after 
an initial primary spontaneous pneumothorax, 
consideration should be given to preventing a 
recurrence when the patient is initially seen. 
Sadikot and associates1 followed 153 patients 
with primary spontaneous pneumothorax for a 
mean of 54 months and reported that the ipsilat-
eral recurrence rate was 39% and most recurred 
within the fi rst year. In this same study, 15% of 
the 153 patients developed a pneumothorax on 
the contralateral side.1 Patients who are tall and 
those who continue to smoke are more likely to 
have a recurrence.1 However, there is no relation-
ship between the number of blebs or the size of 
the blebs on computed tomography (CT)2 or the 
appearance of the lung at thoracotomy3 and the 
risk of recurrence. Once a patient has had one 
recurrence, the risk of another recurrence 
increases to more than 50%.4

The recurrence rates after secondary sponta-
neous pneumothorax are higher than those after 
primary spontaneous pneumothorax. Guo and 
coworkers5 used the Cox proportional hazard 
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sclerosing agent such as tetracycline, silver 
nitrate, or iodopovidone.

Unfortunately, there are a very limited number 
of randomized, controlled studies, as outlined in 
Table 22.1, comparing the various methods for 
preventing a recurrent pneumothorax. In the dis-
cussion that follows, the results from three ran-
domized studies, eight uncontrolled studies, and 
two statements from thoracic societies are sum-

marized. There are many other studies on the 
prevention of recurrent pneumothorax that are 
uncontrolled, but the selected ones are most 
pertinent.

A large Veterans Administration (VA) cooper-
ative study in the 1980s6 demonstrated that the 
intrapleural administration of 1500 mg tetracy-
cline when a patient had a chest tube for treat-
ment of a pneumothorax decreased the overall 

TABLE 22.1. Summary of published data on management of spontaneous pneumothorax.

  No. of  Level of Reference
First citation     Summary patients    Conclusion evidence no.

Light RW. JAMA Patients with CT randomized to 229 25% reccurrence in 1++  6
  1990;264:2224–2230.   tetracycline or only CT;    tetracycline group, <41%
   multicenter    recurence in controls
Almind M. Thorax Patients randomized to  96 13%, 8%, and 36% 1+  8
  1989;44:627–630.   tetracycline, talc slurry, or CT    recurrence after talc,
     tetracycline, and CT,
     respectively
Alfageme I. Chest Nonrandomized with 66 with  117 9% recurrence after 2−  9
  1994;106:347–350.   tetracycline and 51 with CT    tetracycline and 35%
     recurrence after CT
Guo Y. Respirology Nonrandomized with 45 138 33%, 26%, and 50% 2+  5
  2005;10:378–384.   tetracycline, 23 gentamicin,     recurrence after
   and 70 CT    tetracyline, gentamicin,
     and CT
Tschopp JM. Thorax Uncontrolled talc pleurodesis via   89 7.4% recurrence in patients  3 10
  1997;52:329–332. medical thoracoscopy    that had follow-up
Tschopp JM. Eur Respir J Randomized talc pleurodesis via  108 5% recurrence after talc   11
  2002;20:1003–1009.   medical thoracoscopy vs. CT;    and 34% recurrence  1+
   multicenter    after CT
Yim AP. Surg L Endosc Uncontrolled VATS with pleural  483 1.7% recurrence, all  3 12
  1997;7:236–240.   abrasion ± treatment of blebs    received mechanical
     pleurodesis
Cardillo G. Ann Thorac  Uncontrolled VATS with talc  432 4.4% recurrence 1.79%  2+ 13
  Surg 2000;69:357–361.   poudrage or parietal     with talc 9.15% with 
     pleurectomy    parietal pleurectomy
Waller DA. Ann R Coll  Uncontrolled VATS with stapling  173 6.9% recurrence, but 3 14
  Surg Engl   of blebs and parietal    decreased with
  1999;81:387–392.   pleurecdtomy    increasing experience
Margolis M. Ann Thorac  Uncontrolled VATS with stapling  156 No recurrences All primary 3 15
  Surg 2003;76:1661–1663.   of blebs and pleural abrasion    spontaneous
     pneumothoraces
Lee P. Chest Uncontrolled talc via medical   41 3.4% recurrence 30-day   16
 2004;125:1315–1320.   thoracoscopy, mean age    morality 10% 3
   >70 years
Henry M. Thorax BTS guidelines for management  NA Chemical pleurodesis with 4 18
  2003;58(suppl 2):   of spontantous pneumothorax    tetracycline if patient is 
  II39–II52.     not a surgical candidate
Baumann MH. Chest ACCP statement on management  NA Thoracoscopy with bleb  4 17
  2001;119:590–602.   of spontaneous pneumothorax    stapling and pleural 
     abrasion for preventing 
     recurrence.

Abbreviations: ACCP, American College of Chest aphysicians; BTS, British Thoracic Society; CT, chest tube; VATS, video-assisted thorascopic surgery.
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recurrence rate for the pneumothorax from 41% 
to 25% when the patients were followed for 30 
months. The intrapleural administration of tet-
racycline effected a reduction in the recurrence 
rates in patients with primary spontaneous pneu-
mothorax from 32% to 10%, in patients with sec-
ondary spontaneous pneumothorax from 43% to 
28%, and in patients with recurrent pneumotho-
rax from 50% to 21%.6

The randomized, controlled study by Almind 
and associates8 also demonstrated that the injec-
tion of either talc slurry or tetracycline through 
a chest tube resulted in a signifi cant reduction in 
the recurrence rate after a fi rst spontaneous 
pneumothorax. In their study, 34 patients received 
simple drainage, 33 patients received in addition 
tetracycline 550 mg in 20 mL, and 29 patients 
received in addition 5 g of talc suspended in 
250 mL saline. The recurrence rates during the 
follow-up period were as follows: simple drainage 
36%, tetracycline 13%, and 8% in the talc group. 
The patients in the talc group tended to have 
more pain and more temperature elevation than 
the patients in the tetracycline group.

A nonrandomized study by Alfageme and 
coworkers9 also suggested that the intrapleural 
injection of tetracycline reduced the recurrence 
rate in patients with spontaneous pneumothorax. 
These authors injected tetracycline (either 
20 mg/kg or a total dose of 2 g) in 150 mL saline. 
For one control group, they used 66 patients who 
had active pleural or pulmonary infections or 
refused surgery. A second control group con-
sisted of 32 patients who were treated by observa-
tion because the pneumothorax size was less than 
20%. The recurrence rate in the tetracycline 
group (9%) was signifi cantly less than that in the 
chest tube group (35%) or the observation group 
(36%).

Guo and associates5 performed multiple risk 
factor analysis on factors related to the recur-
rence of pneumothorax in 138 patients who had 
a spontaneous pneumothorax. They reported 
that the most important characteristic associated 
with recurrence was increased height (p < 0.0045) 
followed by decreased weight (p < 0.0051), the 
presence of pre-existing lung disease (p < 0.0073), 
and the absence of a pleurodesis procedure 
(p < 0.017). The recurrence rate after 3 years in 

the 68 patients who had pleurodesis was 27% 
while the recurrence rate in the 70 patients 
who had only chest tubes was 50%. The recur-
rence rates were similar for the 23 patients who 
received gentamicin 16 mg as a sclerosing agent 
and the 45 patients who received tetracycline 
1000 mg.5

The effi cacy of pleurodesis induced by the 
insuffl ation of talc at the time of medical thora-
coscopy was demonstrated by Tschopp and 
coworkers.10 In an uncontrolled study of 93 
procedures in 89 patients, 3 to 5 g of pure talc 
were insuffl ated into the pleural space at the time 
of medical thoracoscopy under local anesthesia. 
In the immediate postoperative period, two 
patients required an additional surgical proce-
dure because the lung did not expand, three 
patients had tetracycline instilled because of per-
sistent bubbling, two patients had a third drain 
inserted, and two patients had a second medical 
thoracoscopy because of relapse or persistent 
bubbling. During the follow-up period for a mean 
of 5.1 years, 6 of 81 patients (7.4%) available for 
follow-up had a recurrence.10

The effectiveness of talc insuffl ation at medical 
thoracoscopy was compared to chest tube 
drainage in a prospective, randomized multi-
center study of 108 patients with primary spon-
taneous pneumothorax, the majority of which 
were recurrent.11 Patients with bullae more than 
5 cm in diameter were excluded. In this study, the 
recurrence rate was 5% in the group that received 
talc and 34% in the group that received chest 
tubes. However, it should be noted that 10 of the 
16 recurrences in the chest-tube group occurred 
during the initial hospitalization while only 1 
recurrence occurred in the talc group during 
hospitalization. The recurrence rates after the 
initial hospitalization were 5% in the talc group 
and 13% in the chest-tube group, although 10 of 
the 47 patients in the chest-tube group also got 
talc during their initial hospitalization. This 
study also concluded that medical thoracoscopy 
with the insuffl ation of talc was cost effective in 
comparison to chest tube alone in patients with 
primary spontaneous pneumothorax requiring a 
chest tube.11

Although there have been no randomized, 
controlled studies evaluating the effectiveness of 
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VATS in the prevention of recurrent pneumotho-
rax, there have been many case series and some 
of the largest are summarized. Yim and Liu12 
reported their experience with 518 VATS proce-
dures in 483 patients with primary spontaneous 
pneumothorax. They treated the blebs in various 
ways including stapled bullectomy (196), endoloop 
ligation (261), argon beam coagulation (6), and 
endoscopic suturing (35). All patients received 
mechanical abrasion of their pleura. The overall 
recurrence rate with a mean follow-up of 20 
months was 1.74%. Twenty of their patients 
received only mechanical pleurodesis and the 
recurrence rate was 25% in this subgroup.12

Cardillo and associates13 reviewed their expe-
rience with VATS in 432 patients for primary 
spontaneous pneumothorax. They treated the 
blebs with stapling or ligation, and they attempted 
to induce pleurodesis via partial parietal pleurec-
tomy or talc insuffl ation (2 g). They reported that 
the overall recurrence rate with a mean follow-up 
of 38 months was 4.16%. The recurrence rates 
in patients who received ligation was 11 of 104 
(10.6%), while the recurrence rates in patients 
who received stapling was 3 of 235, or 1.27%. 
The recurrence rates in patients who received 
subtotal pleurectomy was 14 of 153 (9.15%), while 
the recurrence rates in patients who received t
alc insuffl ation was 5 of 279 (1.79%). However, 
most of the difference in the recurrence rates 
between talc and subtotal pleurectomy was due 
to the fact that many more ligations were per-
formed in the group that received the subtotal 
pleurectomy.13

In another uncontrolled study, Waller14 
reported his experience with VATS in 173 patients 
for spontaneous pneumothorax, including 55 
patients with secondary spontaneous pneumo-
thoraces. He performed stapling of the bullae and 
an apical parietal pleurectomy on all patients. 
Overall, the recurrence rate with a mean follow-
up of 2 years was 6.6%. Most of the recurrences 
occurred in patients who were operated upon 
early in the experience. The late recurrence rate 
was lower for the secondary spontaneous pneu-
mothorax than it was for the primary spontane-
ous pneumothorax.14

The best results with VATS were reported by 
Margolis and associates,15 who treated 156 young 

adults with primary spontaneous pneumothorax 
via VATS with stapling of blebs and pleural abra-
sion. In this uncontrolled study there were no 
postoperative air leaks and the mean hospital 
stay was only 2.4 days. During the median follow-
up 62 months, there were no recurrences.

In an uncontrolled study, Lee and coworkers16 
evaluated the effectiveness of medical thoracos-
copy with the insuffl ation of talc in the treatment 
of secondary spontaneous pneumothorax in 
patients with advanced chronic obstructive pul-
monary disease (COPD). They insuffl ated 3 g of 
talc in 41 patients with a mean age of 70.7 years 
and a mean forced expiratory volume in 1 s (FEV1) 
of 0.88 L. The 30-day mortality in this group 
of patients was 10% and all the patients that 
died had an FEV1 between 0.5 L and 0.7 L. The 
recurrence rate in the survivors was 2 of 37 
(5.4%).

The American College of Chest Physicians 
(ACCP) and the British Thoracic Society (BTS) 
have both published guidelines for the manage-
ment of spontaneous pneumothorax in the past 
few years. The ACCP guidelines were generated 
by pulmonologists, thoracic surgeons, emergency 
room physicians, and interventional radiologists 
and used the Delphi process.17 The consensus of 
these physicians was that procedures to prevent 
the recurrence of primary spontaneous pneumo-
thorax should be reserved for the second pneu-
mothorax occurrence. This guideline felt that 
thoracoscopy was the preferred intervention 
for primary spontaneous pneumothorax and that 
patients with apical bullae should undergo intra-
operative bullectomy. They also recommended 
that parietal pleural abrasion should be per-
formed in most patients to induce a pleurodesis. 
They felt that instillation of sclerosing agents 
through a chest tube was an acceptable approach 
for pneumothorax prevention in patients who 
decline surgery or who have an increased surgi-
cal risk. The ACCP guidelines for patients with 
secondary spontaneous pneumothorax recom-
mended an intervention to prevent pneumotho-
rax recurrence after the fi rst occurrence because 
of the potential lethality of secondary pneumo-
thoraces.17 Otherwise, the recommendations for 
primary and secondary pneumothorax were very 
similar.
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The British Thoracic Society concluded that 
chemical pleurodesis is best achieved with the 
insuffl ation of 5 g sterile talc.18 They also con-
cluded that chemical pleurodesis can prevent 
recurrent pneumothorax, but that is should be 
performed only if the patient is unwilling or 
unable to undergo surgery. The BTS gave the fol-
lowing indications for operative intervention: (1) 
second ipsilateral pneumothorax, (2) fi rst contra-
lateral pneumothorax, (3) bilateral spontaneous 
pneumothorax, (4) persistent air leak (>5–7 days 
of tube drainage; (5) air leak or failure to com-
pletely re-expand), (6) professions at risk (e.g., 
pilots, divers).

22.2. How Should Published Data 
Impact on Clinical Practice

The data summarized in the above section and in 
the table demonstrate the paucity of randomized 
studies comparing the different methods for 
pleurodesis. Nevertheless, several conclusions 
can be made. First, the instillation of a tetracy-
cline derivative or talc suspended in saline 
through a chest tube will decrease the risk of 
recurrent pneumothorax from ~50% to ~20% 
(recommendation grade A). Second, no agent has 
been shown to have clear-cut superiority in 
inducing a pleurodesis when injected through a 
chest tube (recommendation grade A). Third, 
medical thoracoscopy with the insuffl ation of 
talc will decrease the risk of recurrence of primary 
spontaneous pneumothorax to less than 10% 
(recommendation grade B) and this procedure 
was also effective in preventing recurrences in 
one small study of patients with secondary spon-
taneous pneumothorax (recommendation grade 
C). Fourth, VATS with the stapling of blebs and 
the application of some procedure to create a 
pleurodesis will decrease the risk of recurrence 
to less than 5% (recommendation grade A). There 
are no randomized, controlled studies compar-
ing the effectiveness of medical thoracoscopy 
with VATS for the prevention of recurrent pneu-
mothorax. Likewise there are no randomized 
studies comparing medical thoracoscopy with 
VATS in the management of patients with 
pneumothorax.

22.3. My View of the Data

My personal view of the clinical data presented 
above and my recommendations based on this 
data are as follows: When one is dealing with a 
patient with a pneumothorax who has a chest 
tube in place, consideration should be given to 
doing something to prevent a recurrence because 
a recurrence can be expected in approximately 
50% of patients. The simplest and least expensive 
procedure is to inject a sclerosant through the 
chest tube that will reduce the recurrence rate to 
less than 25%. The two agents that have been 
used most commonly are talc slurry and doxycy-
cline. I prefer doxycycline because the intrapleu-
ral administration of talc has been associated 
with the development of the acute respiratory 
distress syndrome (ARDS).19,20 If parenteral dox-
ycycline is not available, then the contents of 
doxycycline tablets or capsules can be injected 
after they are dissolved in saline and passed 
through a fi lter.21 I recommend this procedure for 
patients with their fi rst primary spontaneous 
pneumothorax and for patients who refuse or are 
thought not to be candidates for medical thora-

The instillation of a tetracycline derivative or 
talc suspended in saline through a chest tube 
will decrease the risk of recurrent pneumo-
thorax from ~50% to ~20% (level of evidence 
1; recommendation grade A).

No agent has been shown to have clear-cut 
superiority in inducing a pleurodesis when 
injected through a chest tube (level of evi-
dence 1; recommendation grade A).

Thoracoscopy with insuffl ation of talc 
decreases the risk of recurrence of primary 
spontaneous pneumothorax to less than 10% 
(level of evidence 2 to 3; recommendation 
grade B).

Thoracoscopy with insuffl ation of talc 
decreases the risk of recurrence of secondary 
spontaneous pneumothorax (level of evidence 
3; recommendation grade C).

Video-assisted thorascopic surgery with the 
stapling of blebs and pleurodesis will decrease 
the risk of recurrence to less than 5% (level of 
evidence 1; recommendation grade A).
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coscopy or VATS. If a tetracycline derivative is 
used as a pleurodesing agent, conscious sedation 
should be administered as the intrapleural injec-
tion of a tetracycline derivative can be very 
painful.6

Patients with a recurrent primary spontaneous 
pneumothorax or a secondary spontaneous 
pneumothorax should be considered for a more 
aggressive procedure, which could be medical 
thoracoscopy with the insuffl ation of talc or a 
VATS procedure. In general, if everything else is 
equal, I prefer a VATS procedure. The two main 
reasons that I prefer the VATS procedure are the 
following: (1) I worry about the possibility of 
ARDS after the insuffl ation of talc intrapleurally, 
and (2) from a purely theoretical viewpoint, it 
makes more sense to me to treat the blebs that are 
responsible for the pneumothorax as well as to try 
to create a pleurodesis. At the time of VATS, the 
blebs should be stapled and a procedure done to 
crea te a pleurodesis, such as mechanical pleural 
abrasion or partial parietal pleurectomy. There 
are other factors that can affect whether to perform 
medical thoracoscopy or a VATS procedure. Cer-
tainly, medical thoracoscopy with the insuffl ation 
of talc is less expensive than a VATS procedure. 
Stapling of the blebs is very expensive.22 The avail-
ability of individuals capable of performing 
medical thoracoscopy or VATS at a given institu-
tion also affects the choice of procedure.

22.4. Future Studies

There are several clinical studies that could be 
performed that would be important aids in deci-
sion making in the future. The effectiveness of 
transforming growth factor β, the agent that is 
most effective in producing pleurodesis in 
animals,23 should be compared to doxycycline or 
talc slurry injected through chest tubes for reduc-
ing recurrence rates. The effectiveness (and the 
cost) of medical thoracoscopy should be com-
pared with VATS in patients with both primary 
and secondary spontaneous pneumothoraces. 
The effectiveness of mechanical pleural abrasion 
should be compared to that of partial parietal 
pleurectomy and other procedures advocated by 
some to produce a pleurodesis at the time of VATS. 
Lastly, the cost effectiveness of medical thoracos-

copy compared with tube thoracostomy with the 
instillation of a sclerosing agent at the time that a 
patient has an initial primary or secondary spon-
taneous pneumothorax should be compared.
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Staging for Esophageal Cancer: Positron 
Emission Tomography, Endoscopic 
Ultrasonography
Jarmo A. Salo

metabolism in malignant tumors using a posi-
tron camera.6 The sensitivity of PET in detecting 
primary esophageal carcinoma is high (level of 
evidence 2−).7 Secondary primary neoplasms can 
sometimes also be diagnosed with PET.

PET does, however, have a low sensitivity in the 
diagnosis of small-volume tumors and metasta-
ses. Cancer T status, small metastatic lesions in 
locoregional lymph nodes, and intra-abdominal 
carcinomatosis are diffi cult to diagnose (level of 
evidence 2+ to 2−).8–11 These diagnostic limita-
tions are partially due to the spatial resolution of 
PET, which is only 6 mm. However, spatial resolu-
tion is not the sole limitation of PET because 
tumors of up to 30 mm (mean diameter, 13.5 mm) 
can occasionally go undetected.8,9 Thus, the 
primary indication for PET is not diagnosis of 
esophageal cancers, especially small-volume 
carcinomas.

The sensitivity of PET in diagnosing loco-
regional metastases is only 51% and the specifi c-
ity is 84% (level of evidence 1−).12 Therefore, PET 
is unsuitable for detecting loco-regional lymph 
node metastases (level of evidence 2−).11 In fact, 
PET is inferior to EUS in this regard (level of 
evidence 2+).8 PET’s sensitivity and specifi city in 
diagnosing distant lymph node metastases and 
hematogenous metastases are 67% and 97%, 
respectively.11,12 Metastatic sites missed by PET 
are usually less than 1 cm in diameter.11 In addi-
tion, peritoneal carcinomatosis is diffi cult to 
diagnose with this technique.8 The accuracy of 
PET may be improved by the use of combined 
PET and computed tomography (CT; level of 

Survival rates in esophageal cancer are closely 
related to the stage of the disease at the beginning 
of treatment and the completeness of surgical R0 
resection. Preoperative staging is reasonable only 
if it allows selection between different treatment 
options. Accurate pretreatment staging is critical 
for optimal choice of treatment. Today’s stage-
adjusted treatment of advanced esophageal can-
cers requires a meticulous diagnostic workup. 
Multimodal therapy may improve the outcome 
even in more advanced cases.1–3 Hence, the exact 
role of positron emission tomography (PET) and 
endoscopic ultrasonography (EUS) in restaging 
after neoadjuvant treatment needs to be deter-
mined. In esophageal cancer, EUS represents the 
gold standard for T staging, crucial when less 
radical approaches, such as endoscopic mucosa 
resection or limited resection for early carci-
noma, are considered.4,5 Positron emission 
tomography is a promising new method based on 
changes in the glucose metabolism of cancer 
tissue. However, any advantage offered by PET in 
the staging of esophageal cancer is unclear, and 
its supplemental value in the routine clinical pre-
operative workup of esophageal cancer patients 
is unknown.

23.1. Positron Emission Tomography

Positron emission tomography is based on accu-
mulation of fl uorinated glucose analog (F-18 fl uo-
rodeoxyglucose) in malignant cells.6 The method 
provides a means of detecting altered tissue 
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evidence 2−).13 Only a few studies have investi-
gated the ability of PET to diagnose cancer recur-
rence. In one report, PET gave additional information 
in 27% of cases (level of evidence 2+).14

The limitations of PET in detecting small car-
cinomas can, however, offer benefi ts in clinical 
practice. Patients with PET-detectable primary 
tumors are mostly unsuitable candidates for 
modern, less radical surgical approaches such as 
endoscopic mucosa resection or limited resec-
tion. Adding PET to standard staging improves 
detection of stage IV esophageal cancer, which is 
associated with poor survival (level of evidence 
2−).9–11,15,16 However, the modest sensitivity for 
distant lymph node metastases and the false-
positive judgment of cervical and supraclavicular 
nodes must be taken into consideration. Positive 
PET fi ndings in distant lymph nodes should be 
verifi ed by histology or cytology before making a 
diagnosis of inoperability.8,9

23.2. PET in Restaging after 
Neoadjuvant Therapy

Positon emission tomography is a promising 
noninvasive tool for the assessment and predic-
tion of pathological response in locally advanced 
esophageal cancer after neoadjuvant treatment.17 
The pathological response of an initially highly 
metabolic tumor correlates with the metabolic 
response in PET and provides additional infor-
mation about the effect of treatment (level of 
evidence 2−).18,19 In addition, the standardized 
uptake value of F-18 fl uorodeoxyglucose may be 
used to predict tumor resectability (level of evi-
dence 2+).20 In a systematic review of the litera-
ture, PET and EUS offered an equally high 
accuracy after neoadjuvant treatment, but EUS 
was not always feasible (level of evidence 2+).21 In 
restaging patients after neoadjuvant therapy, 
PET/CT may be more accurate than EUS-assisted 
fi ne needle aspiration (level of evidence 2−).22

23.3. Endoscopic Ultrasonography

Endoscropic ultrasonography provides a 360º 
view of all fi ve to nine layers (depending on the 
feature of the probe) of the esophageal wall and 

paraesophageal tissues. Endoscopic ultrasonog-
raphy is an effective method for detecting inva-
sion depth of esophageal cancer and represents 
the gold standard for T staging (level of evidence 
2−).23–27 The accuracy of EUS in T staging ranges 
from 63% to 90%,11,21,25,26,28 therefore being better 
than that of CT scans.26 The EUS probes used and 
the depth of the tumor infi ltration infl uence the 
accuracy, which is best in T4 tumors and worst 
in T1 and T2 tumors (level of evidence 2− to 
1−).25,26,29 The low accuracy achieved by standard 
lower-frequency ultrasound endoscopes in dif-
ferentiating T1 (mucosal and submucosal cancer) 
and T2 may be increased to more than 90% with 
high-frequency ultrasound probes (level of evi-
dence 2−).30–32 This is very important when endo-
scopic mucosal resections or limited surgery are 
being considered. Although high-frequency 
miniprobes allow better superfi cial visualization, 
their drawback is limited depth of penetration. 
Evaluation of N stage should therefore be per-
formed with conventional EUS (level of evidence 
2−).33 Overstaging is usually more common than 
understaging in EUS.25 The most important 
weakness of EUS in investigating a malignant ste-
nosis is that the large probe (dip diameter, 12–
13 mm) often cannot pass the tumor. In cases 
such as this, the accuracy is only half of that of 
traversable tumors (level of evidence 2−).34 In 
addition, the evaluation of tracheal or bronchial 
infi ltration is problematic due to air causing 
refl ection of the ultrasonic waves.

The EUS procedure is based on the diameter, 
form, and echoic pattern being different in malig-
nant and benign lymph nodes. Metastatic lymph 
nodes are typically larger than 10 mm in diameter 
and have a round shape, sharp borders, and a 
uniform hypoechogenicity.35 When all four of 
these characteristics are present, the accuracy of 
nodal involvement is supposed to be nearly 100% 
(level of evidence 2−).36 However, the diagnostic 
accuracy of these fi ndings is usually less than 
80% (level of evidence 2− to 2+).37,38 The reported 
higher accuracies of lymph node staging origi-
nate from studies including greatly advanced 
carcinomas with lymph node metastasis.

The loco-regional N staging can be improved 
(accuracy, sensitivity, and specifi city >90%) by 
transmural EUS-assisted fi ne needle puncture 
cytology (level of evidence 2+).39 In the diagnosis 
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of distant metastases especially, the ability to 
confi rm malignant involvement of celiac axis 
lymph nodes (M1 disease) is important (level of 
evidence 2−).40 In distant metastasis outside the 
celiac axis, the role of EUS is rather limited.

23.4. EUS in Restaging after 
Neoadjuvant Treatment

Restaging of esophageal cancer with EUS after 
neoadjuvant treatment is often diffi cult because 
scars and infl ammation cannot be distinguished 
from the primary tumor. Volume reduction of the 
tumor may be present but is not distinguishable 
with EUS. This leads to overstaging as well as to 
understaging because microscopic foci of resid-
ual tumor within the esophageal wall are 
common. After neoadjuvant treatment, the T-
stage accuracy with EUS has been found to vary 
from 27% to 73% and the N-stage accuracy from 
38% to 71% (level of evidence 2− to 2+).41–43 
Recently, the proportion of reduction of maximal 
tumor thickness exceeding 30% with EUS was 
reported to correctly predict 94% of responders 
(level of evidence 2−).44 The postoperative detec-
tion of local tumor recurrence by EUS is also 
diffi cult because of anatomical changes and 
scars.

23.5. Summary

The sensitivity of PET in detecting primary 
esophageal carcinoma is high. Positron emission 
tomography has, however, a low sensitivity in the 
diagnosis of small-volume (less than 5 mm in 
diameter) tumors, metastases, and intra-abdom-
inal carcinomatosis. Therefore, PET is unsuitable 
for detecting loco-regional lymph node metasta-
ses and is inferior to EUS for this purpose (level 
of evidence 2− to 1−; recommendation grade B). 
PET’s sensitivity and specifi city in diagnosing 
distant lymph node metastases and hematoge-
nous metastases are 67% and 97%, respectively. 
Adding PET to standard staging improves detec-
tion of stage IV esophageal cancer, which is 
associated with poor survival (level of evidence 
2−; recommendation grade C).

Endoscopic ultrasonography is an effective 
method for detecting invasion depth of esopha-
geal cancer and represents the gold standard for 
T staging. The accuracy of EUS in T staging 
ranges from 63% to 90%, therefore being better 
than that of CT scans (level of evidence 2−; rec-
ommendation grade C). The most important 
weakness of EUS in investigating a malignant ste-
nosis is that the large probe (tip diameter, 12–
13 mm) often cannot pass the tumor. In restaging 
patients after neoadjuvant therapy the T-stage 
accuracy with EUS has been found to vary from 
27% to 73% and the N-stage accuracy from 38% 
to 71%. In restaging patients after neoadjuvant 
therapy, PET/CT may be more accurate than 
EUS-assisted fi ne needle aspiration (level of evi-
dence 2−; recommendation grade C).

Positron emission tompgraphy is unsuitable 
for detecting loco-regional lymph node metas-
tases and is inferior to EUS for this purpose 
(level of evidence 1− to 2−; recommendation 
grade B).

Adding PET to standard staging improves 
detection of stage IV esophageal cancer, which 
is associated with poor survival (level of evi-
dence 2−; recommendation grade C).

Endoscopic ultrasonography is an effective 
method for detecting invasion depth of esoph-
ageal cancer and represents the gold standard 
for T staging (level of evidence 2−; recommen-
dation grade C).

In restaging patients after neoadjuvant 
therapy, PET/CT is more accurate than EUS-
assisted fi ne needle aspiration (level of evi-
dence 2−; recommendation grade C).

23.6. Personal View

In routine clinical practice, EUS is an essential 
tool in planning treatment strategy for most 
patients with esophageal cancer. Ascertaining 
the exact T stage of the tumor with mucosal or 
submucosal infi ltration is important before 
deciding the extent of resection (mucosal or 
limited resection, or radical surgery with lymph-
adenectomy). Endoscopic ultrasonography is 
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more suitable than PET in diagnosing metastatic 
loco-regional lymph nodes, fi ndings of which 
indicate consideration of neoadjuvant treatment. 
Use of EUS is not advisable in the diagnosis of 
distant metastasis, in restaging after neoadjuvant 
therapy, or in postoperative situations.

Today, we use PET in preoperative staging of 
most patients with esophageal cancer despite not 
knowing its actual value in preventing unneces-
sary resections or its cost effectiveness. Positron 
emission tompgraphy does help to diagnose 
inoperative stage IV cancer and should thus be 
performed at least in patients with operative risk 
factors. On the other hand, positive fi ndings in 
PET suggesting distant metastases in operable 
patients should be confi rmed by cytology or his-
tology, particularly in cases where CT and EUS 
have negative fi ndings. In restaging after neoad-
juvant treatment, in spite of a few sound studies, 
PET is not yet used to discriminate between 
responders and nonresponders because of the 
lack of standardization in cutoff values.
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of the treatment. Defi nitive local control is also 
delayed, which may be an important clinical 
consideration in patients who are symptomatic 
with dysphagia and poor preoperative nutritional 
status.

24.1. Published Evidence

24.1.1. Preoperative Radiotherapy

While preoperative radiation (without chemo-
therapy) has been studied in the past, it failed to 
show a benefi t for overall survival, and in many 
cases6–8 proved to increase the morbidity and 
mortality associated with treatment. For these 
reasons, more recent trials have evaluated pre-
operative radiation only in combination with 
chemotherapy.

24.1.1.1. Randomized, Controlled Trials

At least six randomized trials comparing preop-
erative radiotherapy and surgery with surgery 
alone for esophageal carcinoma have been per-
formed.6–11 Radiotherapy regimens varied, with 
low-to-moderate doses ranging from 20 Gy to 
53 Gy over a period of 1 to 4 weeks prior to surgery. 
Accrual of patients in randomized, controlled 
trials of preoperative radiotherapy took place 
prior to 1989 (Table 24.1).

No statistically signifi cant survival benefi t for 
groups receiving preoperative radiotherapy was 
seen. In fact, some studies found a small reduc-
tion in overall survival following preoperative 
radiotherapy, which may have been due in part to 

Despite advances in treatment regimens, overall 
5-year survival rates for esophageal cancer 
remain low, averaging less than 30%.1–5 Although 
surgery remains the standard treatment and the 
only hope for cure, there is growing support for 
multimodality therapy.

While there has been little signifi cant progress 
in improving overall survival in esophageal 
cancer despite new chemotherapeutics and surgi-
cal techniques, induction chemotherapy and/or 
radiotherapy followed by surgery offers several 
potential advantages over surgery with or without 
adjuvant treatment.

First, up-front chemotherapy and radiation 
may be better tolerated than therapy following 
extensive surgery. Second, a preoperative strat-
egy allows those with occult distant disease to 
declare themselves, avoiding delay in systemic 
treatment for micrometastases as well as avoid-
ing major surgical procedures which may not 
be curative. Third, preoperative therapy allows 
delivery of chemotherapy or radiation to a rela-
tively well-perfused tumor bed, thus improving 
its effi cacy. It may also cause suffi cient tumor 
destruction, particularly at the periphery, to 
improve resectability. By increasing the likeli-
hood of a margin-negative resection, induction 
therapy may improve local control.

However, there are disadvantages to induction 
therapy. Preoperative treatment is associated 
with signifi cant morbidity and mortality. In 
attempts to minimize this toxicity, especially in 
preoperative combination therapy with chemo-
therapy and radiation, dose reductions may be 
necessary, potentially compromising the effi cacy 
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treatment related mortality that exceeded 20% in 
some trials.6–8

24.1.1.2. Meta-analyses

Because the number of patients treated in clinical 
trials was small, a Cochrane Review meta-
analysis was performed using individual patient 
data to determine conclusively whether there is 
any effect for preoperative radiotherapy.12 This 
study included 1147 patients with updated sur-
vival data and a median follow-up of 9 years. The 
overall hazard ratio was 0.89 [χ2(1) = 3.48, p = 0.06], 
suggesting a trend towards a modest benefi t for 
preoperative radiotherapy, but with a small abso-
lute improvement in survival of 4% at 5 years.

A second meta-analysis was performed by 
Malthaner and colleagues.13 Again, no statisti-
cally signifi cant difference in the risk of mortal-
ity with preoperative radiotherapy compared 
with surgery alone was detected [relative risk 
(RR) = 1.01; 95% confi dence interval (95% CI), 
0.88–1.16; p = 0.87), but overall survival was eval-
uated only at 1 year.

24.1.1.3. Systematic Reviews

A number of systematic reviews also address the 
clinical question of the effi cacy of preoperative 
radiotherapy in resectable esophageal cancer.13–16 
These reviews uniformly conclude that there is 
no benefi t from preoperative radiotherapy with 
respect to resectability, treatment-related mor-
tality, or overall survival as demonstrated by ran-
domized, clinical trials.

24.1.1.4. Recommendation

It appears unlikely that single-modality preop-
erative therapy with radiation will be resurrected 
as a meaningful therapeutic option with curative 
intent. Given the body of work available, as a 
guideline for clinical practice, we recommend 
against the use of preoperative radiotherapy as 
standard of care, with a grade A for the level of 
recommendation. 

24.1.2. Preoperative Chemotherapy

Preoperative chemotherapy initially appeared 
more promising than preoperative radiotherapy. 
However, following multiple randomized trials 
and meta-analyses, no overall survival benefi t 
has been shown for preoperative chemotherapy, 
with one exception. A wide variety of chemother-
apeutic agents have been studied, including 
cisplatin, fl uorouracil, leucovorin, paclitaxel, 
vinblastin, etoposide, epirubicin, mitomycin, 
and bleomycin. While most trials enrolled 
patients with squamous cell carcinoma,17–19 the 
largest studies included both squamous cell and 
adenocarcinoma.20,21 Accrual of patients occurred 
between 1983 and 1998 (Table 24.1).

24.1.2.1. Randomized, Controlled Trials

At least six randomized trials of preoperative 
chemotherapy and surgery versus surgery alone 
have been performed.11,17–20,22 Five of the six 
showed no signifi cant survival benefi t.11,17–19,22 

However, a large multicenter study including 
both squamous cell and adenocarcinoma showed 
improved results using a regimen of fl uorouracil 
and cisplatin in the arm receiving induction 
therapy.20 The investigators reported a median 
survival of 16.8 months versus 13.3 months (dif-
ference, 107 days; 95% CI, 30–196), and 2-year 
survival of 43% and 34% (difference, 9%; 95% CI, 
3–14) in the group receiving chemotherapy. Esti-
mated 5-year survival based on Kaplan–Meier 
curves was also signifi cantly improved (hazard 
ratio 0.79; 95% CI, 0.67–0.93); estimated reduc-
tion in risk of death was 21%.

Two additional randomized clinical trials 
examined preoperative chemotherapy and found 
no statistically signifi cant difference in overall 
survival. However, in these two trials patients 
in the induction therapy arm also received 
postoperative chemotherapy.21,23 One of these 
trials21 included the same chemotherapeutics, at 
higher doses, that showed a survival benefi t in 
the trial described above.20 It is diffi cult to recon-
cile these results, but a more intense chemother-
apy regimen could have adversely affected the 
outcome in the induction therapy arm in the 
latter trial.

There is no benefi t to preoperative radiother-
apy as standard of care in the management of 
resectable esophageal cancer (level of evidence 
1; recommendation grade A).
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24.1.2.2. Meta-analyses

Four meta-analyses have been performed exam-
ining preoperative chemotherapy versus surgery 
alone,13,24–26 with only one showing a signifi cant 
improvement in survival.

The meta-analysis by Urschel and colleagues25 
included 1976 patients from 11 randomized, 
controlled trials and found no statistically sig-
nifi cant difference between preoperative chemo-
therapy with surgery over surgery alone for 
survival at 1, 2, or 3 years. A Cochrane Review 
meta-analysis26 included 2051 patients from 11 
trials and calculated the relative risk for survival 
at 1, 2, 3, 4, and 5 years. A statistically signifi cant 
difference in survival for patients who received 
preoperative chemotherapy was detected only at 
5 years (RR = 1.44; 95% CI, 1.05–1.97; p = 0.02). 
However, both of these analyses included trials 
that used postoperative chemotherapy in addi-
tion to preoperative treatment.

Bhansali and colleagues24 analyzed eight ran-
domized controlled trials and found an odds 
ratio for risk of death of 0.96 (95% CI, 0.75–1.22). 
The systematic review and meta-analysis per-
formed by Malthaner and coworkers13 included 
a total of 1241 patients from six trials that 
studied only preoperative chemotherapy versus 
surgery alone, and showed no survival benefi t 
at 1 year (RR = 1.00; 95% CI, 0.83–1.19; 
p = 0.98).

24.1.2.3. Systematic Reviews

A number of systematic reviews address the 
effi cacy of preoperative chemotherapy in res-
ectable esophageal cancer.13–16 The majority of 
these reviews conclude that despite the benefi t 
seen in the most recent large randomized 
trial,20 there is not yet suffi cient evidence to insti-
tute preoperative chemotherapy as standard of 
care.

24.1.2.4. Recommendation

For patients with resectable esophageal cancer 
for whom surgery is considered appropriate, we 
recommend surgery alone (without preoperative 
chemotherapy) as standard practice, with a grade 
of A for level of recommendation.

24.1.3. Preoperative Chemoradiotherapy

The preoperative therapy that has shown the 
most promise and has generated much interest is 
combination chemotherapy and radiation. In 
fact, despite a lack of defi nitive evidence, it has 
become the de facto standard of care at many 
institutions.

Six randomized trials compared preoperative 
chemoradiotherapy to surgery alone.11,27–31 These 
trials have been small, thus limiting the power of 
each study to detect differences in overall sur-
vival. Furthermore, the design, therapeutic regi-
mens, surgical approaches, and histologies varied 
widely across studies, making comparison of the 
trials diffi cult. Accrual of patients occurred 
between 1983 and 1995 (Table 24.2).

24.1.3.1. Randomized, Controlled Trials

Five of the six trials failed to show a statistically 
signifi cant benefi t in overall survival for the 
groups receiving preoperative chemoradiotherapy.

Initial results reported high treatment-related 
mortality of more than three times that of surgery 
alone in one trial,28 and exceeding 24% in 
another.11 Lack of stratifi cation by stage and 
unequal distribution of patients makes results 
diffi cult to interpret.11 Inadequate power to detect 
small differences also plagued many studies. 
Patient accrual based on promising large differ-
ences between phase II studies and historical 
controls that ultimately failed to show a statisti-
cally signifi cant survival benefi t may simply be 
due to type II error.

The one trial that has shown a signifi cant sur-
vival benefi t included both squamous cell and 
adenocarcinoma, and used various techniques 
for surgical resection.31 The authors found a 3-
year survival of 32% in the group who received 
preoperative chemoradiotherapy versus 6% in 
the surgery alone arm (p = 0.01), with a median 

For patients with resectable esophageal cancer 
for whom surgery is considered appropriate, 
surgery alone (without preoperative chemo-
therapy) is standard practice (level of evidence 
1; recommendation grade A).



204 S.E. Greer et al.

TA
BL

E 
24

.2
. 

M
ul

tim
od

al
ity

 in
du

ct
io

n 
th

er
ap

y 
– 

ra
nd

om
iz

ed
, c

on
tr

ol
le

d 
tr

ia
ls 

of
 p

re
op

er
at

iv
e 

ch
em

or
ad

ia
tio

n 
ve

rs
us

 su
rg

er
y 

al
on

e.
 

 
 

 
 

 
 

M
ed

ia
n 

 
St

ud
y 

 
 

Le
ve

l o
f 

 
Pa

tie
nt

s 
su

rv
iv

al
 

Ov
er

al
l s

ur
vi

va
l (

pe
rc

en
ta

ge
) 

St
at

is
tic

al
Au

th
or

 a
nd

 y
ea

r 
ty

pe
 

Ty
pe

 o
f c

an
ce

r 
Ac

cr
ua

l 
ev

id
en

ce
 

Tr
ea

tm
en

t g
ro

up
s 

en
ro

lle
d 

(m
on

th
s)

 
1 

ye
ar

 
2 

ye
ar

 
3 

ye
ar

 
4 

ye
ar

 
5 

ye
ar

 
sig

ni
fic

an
ce

Ny
ga

ar
d 

et
 a

l. 
RC

T 
Sq

ua
m

ou
s 

19
83

–1
98

8 
1−

 
Ci

sp
la

tin
, b

le
om

yc
in

, 
53

 
7 

39
 

23
 

17
 

 
 

p 
= 

0.
3

  
19

92
 

 
 

 
 

  
35

-G
y

 
 

 
 

 
Su

rg
er

y
 

 
 

 
 

Su
rg

er
y 

al
on

e 
50

 
7 

34
 

13
 

 9
Ap

in
op

 e
t a

l. 
RC

T 
Sq

ua
m

ou
s 

19
86

–1
99

2 
1+

 
Ci

sp
la

tin
, 5

-F
U 

40
-G

y 
35

 
9.

7 
49

 
30

 
26

 
24

 
24

 
p 

= 
0.

4
  

19
94

 
 

 
 

 
Su

rg
er

y
 

 
 

 
 

Su
rg

er
y 

al
on

e 
34

 
7.4

 
39

 
23

 
20

 
19

 
10

Le
Pr

ise
 e

t a
l. 

RC
T 

Sq
ua

m
ou

s 
19

88
–1

99
1 

1+
 

Ci
sp

la
tin

, 5
-F

U 
20

-G
y 

41
 

11
 

47
 

27
 

19
 

 
 

p 
= 

0.
56

  
19

94
 

 
 

 
 

Su
rg

er
y

 
 

 
 

 
Su

rg
er

y 
al

on
e 

45
 

11
 

47
 

33
 

14
W

al
sh

 e
t a

l. 
RC

T 
Ad

en
oc

ar
ci

no
m

a 
19

90
–1

99
5 

1−
 

Ci
sp

la
tin

, 5
-F

U 
40

-G
y 

58
 

16
 

52
 

37
 

32
 

 
 

p 
= 

0.
01

  
19

96
 

 
 

 
 

Su
rg

er
y

 
 

 
 

 
Su

rg
er

y 
al

on
e 

55
 

11
 

44
 

26
 

 6
Bo

ss
er

t e
t a

l. 
RC

T 
Sq

ua
m

ou
s 

19
89

–1
99

5 
1+

 
Ci

sp
la

tin
 3

7-
Gy

 
14

3 
18

.6
 

69
 

48
 

39
 

35
 

33
 

p 
= 

0.
78

  
19

97
 

 
 

 
 

Su
rg

er
y

 
 

 
 

 
Su

rg
er

y 
al

on
e 

13
9 

18
.6

 
67

 
43

 
37

 
34

 
32

Ur
ba

 e
t a

l. 
RC

T 
Sq

ua
m

ou
s 

19
89

–1
99

4 
1+

+ 
Ci

sp
la

tin
, 5

-F
U 

45
-G

y 
50

 
17

.6
 

72
 

42
 

30
 

25
 

20
 

p 
= 

0.
15

  
20

01
 

 
  

Ad
en

oc
ar

ci
no

m
a 

 
 

Su
rg

er
y

 
 

 
 

 
Su

rg
er

y 
al

on
e 

50
 

16
.9

 
58

 
38

 
16

 
14

 
10

5-
FU

, 5
 fl

uo
ro

 u
ra

ci
l; 

RC
T,

 ra
nd

om
iz

ed
, c

on
tr

ol
le

d 
tr

ia
l.



24. Induction Therapy for Resectable Esophageal Cancer 205

follow-up of 11 months. However, the 6% 3-year 
survival in the control arm was lower than other 
published survival rates for surgery alone, with 
most centers reporting between 20% and 30% 3-
year survival. Only after patients had received 
preoperative chemoradiotherapy and were re-
evaluated was stage reported. This may have 
resulted in an overall downstaging of patients in 
the NCRT group and a false impression that 
patients in the surgery alone arm had more 
advanced disease. Uncertainty regarding the true 
baseline characteristics of patients limits our 
ability to interpret the effect of preoperative stage 
on outcome. However, despite these problems, 
the cited benefi t in this trial carried a signifi cant 
impact and widely infl uenced clinical practice. A 
5-year follow-up study was also published with 
the fi nding of a signifi cantly improved median 
survival from 12 months for surgery alone to 17 
months for multimodal therapy (p = 0.002).32

24.1.3.2. Meta-analyses

A meta-analysis by Urschel and colleagues33 
included 1116 patients from nine randomized 
clinical trials, though three had been published 
only in abstract form. There was no statistically 
signifi cant difference in 1-year or 2-year survival. 
However, a statistically signifi cant improvement 
in 3-year survival was found for the group receiv-
ing preoperative chemoradiation [odds ratio (OR) 
= 0.66; 95% CI, 0.47–0.92; p = 0.016].

A meta-analysis by Malthaner and coworkers13 
included 753 patients in six trials. No signifi cant 
difference in the 1-year survival for preoperative 
chemoradiation and surgery compared to surgery 
alone was detected. However, at 3 years a statisti-
cally signifi cant difference in the risk of mortal-
ity was found favoring neoadjuvant chemoradiation 
(RR = 0.87; 95% CI, 0.80–0.96, p = 0.004).

In the meta-analysis by Fiorica and cowork-
ers,34 3-year survival was improved in the group 
receiving preoperative chemoradiotherapy (OR 
0.53; 95% CI, 0.31–0.93, p = 0.03), but the magni-
tude of the benefi t was small. Two other meta-
analyses showed a trend towards improved 
survival with preoperative chemoradiotherapy, 
but which failed to reach statistically signifi cant 
benefi t.35,36

24.1.3.3. Systematic Reviews

Based on the body of evidence available and lack 
of consistently demonstrated survival benefi t, 
systematic reviews have recommended against 
using preoperative chemoradiotherapy as stan-
dard of care.13–15

24.1.3.4. Recommendation

For patients with resectable esophageal cancer 
for whom surgery is considered appropriate, 
surgery alone (without preoperative chemoradio-
therapy) is recommended as standard practice, 
with a grade of A for level of recommendation.

For patients with resectable esophageal cancer 
for whom surgery is considered appropriate, 
surgery alone (without preoperative chemora-
diotherapy) is standard practice (level of evi-
dence 1; recommendation grade A).

24.1.4. Other Treatments

24.1.4.1. Combinations of Neoadjuvant and 
Adjuvant Therapy

Because the design of clinical trials has varied 
substantially with respect to comparisons of 
neoadjuvant or adjuvant therapy versus surgery 
alone or one regimen versus another, Malthaner 
and colleagues performed a systematic review 
and meta-analysis of 12 such combinations.13 
None were found to be superior, and the authors 
concluded that surgery alone should remain the 
standard of care for treatment of resectable 
esophageal cancer.

24.1.4.2. Hyperthermia

A novel modality in esophageal carcinoma that 
has been shown to have a role in the treatment of 
other cancers, such as peritoneal malignancies 
and melanoma, is hyperthermia.37–39 When 
studied in combination with preoperative chemo-
radiotherapy versus preoperative chemoradio-
therapy alone, the 3-year survival was doubled in 
one trial.40 While these results bear further inves-
tigation, this modality may provide renewed 
enthusiasm for induction therapy.



206 S.E. Greer et al.

24.2. Impact on Clinical Practice

Every patient deserves an optimistic surgeon. 
However, this optimism must be tempered by 
fi rst principles, namely, to do no harm.

While it is diffi cult to dismiss the theoretical 
advantages of induction therapy, there is cur-
rently not suffi cient evidence to recommend its 
use as standard practice. Furthermore, the 
increased cost as well as quality of life associated 
with chemotherapy and radiation must be con-
sidered in judging the clinical signifi cance of the 
small survival benefi ts that have been shown in a 
few cases.

However, as new chemotherapeutic agents 
become available, and as improvements in molec-
ular diagnostics allow for more careful patient 
selection, there may be a role for further study of 
induction therapy. Thus it is crucial to maintain 
clinical equipoise.

The question that lies at the heart of proper 
utilization of evidenced-based medicine, is “how 
much evidence is enough?” In the face of multiple 
negative studies, is one well-designed positive 
trial suffi cient to be paradigm shifting? Although 
improved methodologies have been developed 
for categorizing data, evaluating trials, and creat-
ing guidelines, there is no clear answer to these 
questions. In the context of continuing to strive 
for advances in scientifi c knowledge, we must 
remember that medicine is a profoundly human 
profession – at the end of the day, it is the com-
petent and compassionate clinician who must 
understand the intersection between scientifi c 
evidence and individual values in order to lead a 
patient to an informed decision.
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25
Transthoracic Versus Transhiatal Resection for 
Carcinoma of the Esophagus
Jan B.F. Hulscher and J. Jan B. van Lanschot

tion in the upper abdomen and chest, thereby 
accepting a potential increase in early morbidity 
and mortality. This rests on the belief that in 
some patients with lymphatic dissemination cure 
can be obtained by an aggressive surgical resec-
tion of peri-tumoral tissue combined with a dis-
section of all possibly involved nodes. Also, 
staging may be improved by performing a more 
radical resection, offering a better insight into 
prognosis, and possibly a more tailored alloca-
tion of adjuvant therapy in the near future.

The purpose of this chapter is to assess the 
present literature and offer suggestions for the 
surgical treatment of esophageal carcinoma, 
based on the differences between transthoracic 
and transhiatal resections with respect to staging 
of the tumor, peri-operative morbidity, early 
mortality, and long-term survival.

25.1. Methods

We published a meta-analysis of the English 
literature between 1990 and 1999 comparing 
transthoracic esophagectomy with transhiatal 
esophagectomy for carcinoma of the thoracic 
esophagus and/or the gastro-esophageal junc-
tion.1 In that paper, randomized clinical trials, 
comparative studies, and case series describing 
50 or more patients were included.2–51 The differ-
ent transthoracic procedures were considered as 
one entity, without paying attention to differ-
ences between the transthoracic approaches. We 
did not review adeno- and squamous cell carci-
noma separately because tumor behavior, surgi-

Esophageal carcinoma is still a dreadful disease 
with a dismal prognosis. Surgery remains the 
mainstay of curative treatment. Optimizing the 
surgical treatment of esophageal cancer patients 
consists of different strategies such as early diag-
nosis, optimal patient selection, optimal peri-
operative care, and possibly the application of 
(neo)adjuvant chemoradiation therapy. The treat-
ment of esophageal carcinoma therefore warrants 
a multidisciplinary approach to optimize care for 
these patients.

Whereas surgery is generally considered as 
offering the best chance for cure in the absence 
of local unresectablility and/or distant metasta-
sis, opinions on how to improve survival rates 
with surgery are confl icting. For years the proce-
dure of choice for esophageal resection has been 
the Lewis–Tanner operation, in which the tumor 
and peri-esophageal tissue with its adjacent 
lymph nodes are resected through a right-sided 
thoracotomy in combination with a laparotomy. 
In the last decades, two major surgical strategies 
to improve survival rates have emerged.

The fi rst strategy aims to minimize surgical 
trauma and thus to decrease early morbidity and 
mortality. This might be achieved by performing 
a transhiatal esophagectomy. During this proce-
dure the esophagus is resected via a laparotomy 
combined with a cervical incision, thus avoiding 
a formal thoracotomy with its alleged (mainly 
pulmonary) complications. The second strategy 
aims to improve the long-term cure rate by per-
forming a more radical (transthoracic) resection, 
with a wide excision of the tumor and its adjacent 
tissues in combination with a lymph node dissec-
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cal approach, and long-term prognosis are 
generally considered to be comparable.52–54

Studies were divided into three groups: ran-
domized trials, comparative trials (including the 
randomized trials), and all studies (including 
the randomized, nonrandomized comparative, 
and noncomparative studies). Overall event rates 
were calculated as weighted averages of the trial-
specifi c rates with weights proportional to the 
total sample sizes of the studies.55 After calculat-
ing values for the noncomparative studies con-
cerning transthoracic and transhiatal resections, 
these results were considered together as one 
comparative study in the overall group. Evidence 
from this meta-analysis is considered level 1.

Since the publication of this meta-analysis, one 
large randomized clinical trial comparing tran-
shiatal and transthoracic resection for adenocar-
cinoma of the mid/distal esophagus has been 
published.56 Evidence from this trial is level 1+. 
For the purpose of this chapter, data from this 
trial, more than doubling the total number of 
randomized patients in the literature, have been 
added to the data of the meta-analysis.

25.2. Effect of Transthoracic 
Resection on Staging

In multivariate analyses lymph node status and 
radicality of the resection (R0, microscopically 
radical resection; R1, macroscopically radical but 
microscopically irradical resection; R2, macro-
scopic tumor remaining) are often the predomi-
nant prognostic factors.53,57–59 A transthoracic 
resection with extended lymph node dissection 
might offer better insight in the lymphatic dis-
semination of the tumor. This might infl uence 
staging of the tumor. A thoracotomy also offers 
an improved access to the tumor and surround-
ing tissues, which might increase the number 
of macro- and microscopically radical (R0) 
resections.

Patients with four or less involved lymph nodes 
appear to have a survival advantage over patients 
with more than four metastatic nodes, which is 
correlated with the fi nding that patients with 
more than four involved nodes have a higher risk 
of distant lymphatic dissemination.60,61 The extent 
of lymphatic dissemination is also correlated 

with survival: patients with involvement of only 
the abdominal lymph nodes have a survival 
advantage over patients with metastatic lymph 
nodes in both abdomen and chest.57 Other authors 
argue that it is not (or not only) the absolute 
number of positive lymph nodes, but the ratio 
of positive to removed nodes. This might better 
refl ect the state of disease than the absolute 
number of positive nodes, especially when one 
takes into account that the number of lymph 
nodes removed per patient or per surgeon may 
vary substantially.58,62

This issue also underlies the phenomenon of 
stage migration. Dissecting more lymph nodes 
increases the chance of fi nding a tumor positive 
node. The fi nding of a tumor positive node when 
performing an extended dissection might infl u-
ence the pTNM stage signifi cantly, especially as 
tumor-positive lymph nodes near the celiac axis 
are considered distant metastases for esophageal 
carcinoma, and these nodes are only resected 
during an extended resection.

During a transhiatal resection the subcarinal 
nodes may sometimes be reached via the widened 
hiatus of the diaphragm, but they often form the 
cranial boundary of the lymph node dissection. 
Unresected tumor-positive lymph nodes may 
therefore remain in the chest, which might lead 
to understaging. The specimens obtained after 
transhiatal resections might therefore not refl ect 
the true state of disease. When in the same patient 
a formal lymph node dissection would have been 
performed, a positive lymph node might have 
been found, leading to a different pTNM stage, 
the so-called stage migration (see Table 25.1).

When the results of the different resection 
forms are compared, this is frequently done on a 
stage-by-stage basis. Stage migration might seri-
ously hamper this comparison, because patients 
with the same stage might be staged differently 
based on the extent of the lymph node dissection 
and the increased possibility of fi nding a positive 
node in more extended resections.

In a recent analysis of patients undergoing a 
transthoracic resection with two-fi eld lymph 
node dissection, 37% of patients showed tumor-
positive nodes in extended fi elds: 20% in the 
abdomen, 20% in the mediastinum.63 Subcarinal 
nodes were most affected (19%). Extended resec-
tion led to tumor upstaging in 23% of the patients; 
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mainly due to positive nodes near celiac axis, 
hepatic- or splenic artery. These nodes can also 
be resected during a transhiatal resection. Tumor 
positivity in paratracheal – or aorta – pulmonary 
nodes occurred in 8% of patients, rarely infl uenc-
ing staging.63

Another theoretical advantage of a transtho-
racic resection is the improved exposure, pos-
sibly leading to an increase in microscopically 
radical (R0) resections. However, in the Amster-
dam trial there was no increase in R0 resections 
after transthoracic resection when compared 
with transhiatal resection (72% vs. 71%), despite 
the allegedly improved access to the esophagus 

and surrounding tissues.56 It should be noted, 
however, that in the Amsterdam trial only tumors 
distal to the carina were included.

Based on the evidence reviewed, we would rec-
ommend a formal lymph node dissection in the 
abdomen including the lymph nodes near the 
celiac axis when performing a transhiatal resec-
tion (recommendation grade C).

25.3. Clinical Effect of 
Transthoracic Resection

25.3.1. Perioperative Complications

The avoidance of a thoracotomy during a tran-
shiatal resection might decrease the peri-operative 
surgical morbidity and mortality. However, due 
to the partially blunt dissection during the 
removal of the thoracic esophagus, the risk of 
perioperative complications such as injury to 
the trachea might be increased. Both the earlier 
meta-analysis and the recent Amsterdam trial 
did not show a difference in perioperative com-
plications. However, blood loss and operative 
time were signifi cantly increased after transtho-
racic resection (Table 25.2).

25.3.2. Postoperative Complications

The most important postoperative complications 
are depicted in Table 25.3. Over the last decade 

TABLE 25.1. Age (in years) and clinicopathological staging of 
patients undergoing either transthoracic (TTE) or transhiatal 
esophagectomy (THE) for malignancy.

 TTE THE

Age (mean) 64 69
 60 62
Stage O/I 16% 13%
 22% 19%
Stage II 15% 30%
 27% 36%
Stage III 54% 50%
 41% 37%
‘Stage IV 15%  7%
 10%  8%

Data from the Amsterdam trial are in bold italic; data from the earlier 
meta-analysis are in roman type.
Staging according to the 1997 UICC TNM classification.

TABLE 25.2. Mean peri-operative blood loss and operative time in patients undergoing either transthoracic esophagectomy (TTE) or 
transhiatal esophagectomy (THE).

 Number of patients

 TTE THE TTE outcome THE outcome p value

Blood loss (mL)
  Recent Amsterdam  114  106  1918 ± 1011 1223 ± 976 <0.001
  Earlier randomized   35   36 1402 847
  Earlier comparative  577  440 1105 859
  Comparative and noncomparative  949 1922 1001 ± 575  728 ± 438
  Overall including Amsterdam 1063 2020 1099 ± 621  754 ± 468 <0.001
Operative time (h)
  Recent Amsterdam  114  106  6.0 ± 1.4  3.5 ± 1.2 <0.001
  Earlier randomized   70   68 5.2 3.5
  Earlier comparative  674  568 5.6 4.0
  Comparative and noncomparative 1291  808  5.0 ± 1.6  4.2 ± 1.5
  Overall including Amsterdam 1405  914  5.1 ± 1.6  4.1 ± 1.5 <0.001

Data from the Amsterdam trial are in bold italics; data from the earlier meta-analysis are in roman type.
The results of the Amsterdam study are included in the overall group.
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TABLE 25.3. Hospital mortality, postoperative complications, stay in the Intensive Care Unit (ICU)/Medium Care Unit (MCU) and hospital 
stay in patients undergoing either transthoracic esophagectomy (TTE) or transhiatal esophagectomy (THE).

 Number of Percentage of patients  Relative
 patients with complications risk Statistics p
Qualitative outcomes TTE THE TTE THE (RR) (95% CI) value

In-hospital mortality
  Amsterdam  114  106 4% 2% 2.32 0.46–11.73
  Earlier randomized   70   68 1.4% 8.8% 0.12 0.04–1.12
  Earlier comparative 1375 1164 9.8% 7.2% – –
  Comparative and noncomparative 3942 3301 9.2% 5.7% 1.60 1.42–1.89
  Overall including Amsterdam 4056 3407 9.0% 5.6% 1.61 1.36–1.90
Cardiac complications
  Amsterdam  114  106 26% 16% 1.64 0.96–2.80
  Earlier randomized   35   36 17.1% 22.2% 0.77 0.30–1.90
  Earlier comparative  563  458 10.3%  9.0% – –
  Comparative and noncomparative 1638 1084  6.6% 19.5% 0.34 0.27–0.41
  Overall including Amsterdam 1740 1190 7.8% 19.9% 0.39 0.32–0.48
Pulmonary complications
Amsterdam  114  106 57% 27% 2.08 1.47–2.95
Earlier randomized   51   48 37.3% 43.8% 0.85 0.53–1.38
Earlier comparative  765  698 22.9% 26.1% – –
Comparative and noncomparative 2070 2397 18.7% 12.7% 1.47 1.29–1.68
Overall including Amsterdam 2184 2503 20.6% 11.3% 1.82 1.59–2.09
Anastomotic leakage
  Amsterdam  114  106 16% 14% 1.09 0.58–2.06
  Earlier randomized   70   68 7.3%  6.0% 1.20 0.34–4.25
  Earlier comparative  907  891 8.6% 14.8% – –
  Comparative and noncomparative 2594 3068 7.2% 13.6% 0.53 0.45–0.63
Overall including Amsterdam 2708 3174 7.9% 13.6% 0.58 0.50–0.68
Vocal cord paralysis
  Amsterdam  114  106 21% 13% 1.59 0.8–2.92
  Earlier randomized   54   52 3.7%  3.9% 0.98 0.14–6.59
  Earlier comparative  712  736 5.1% 11.9% – –
  Comparative and noncomparative 1743 2753 3.5%  9.5% 0.36 0.27–0.47
  Overall including Amsterdam 1857 2859 4.5%  9.6% 0.47 0.37–0.60
Chylous leakage
  Amsterdam  114  106 10% 2% 5.11 1.16–22.54
  Earlier randomized – – – – – –
  Earlier comparative  595  465 2.8% 1.5% – –
  Comparative and noncomparative 1626 2260 2.4% 1.4% 1.70 1.07–2.69
  Overall including Amsterdam 1740 2366 2.8% 2.0% 1.42 0.96–2.11
Wound infection
  Amsterdam  114  106 10% 8% 1.27 0.53–3.06
  Earlier randomized – – – – – –
  Earlier comparative  688  634 7.7% 4.1% – –
  Comparative and noncomparative 1744 2327 7.7% 4.3% 1.76 1.37–2.27
  Overall including Amsterdam 1858 2433 7.8% 4.9% 1.60 1.26–2.02
ICU-stay [days]
  Amsterdam  114  106 8.9 ± 11.7 3.9 ± 5.5 – – <0.001
  Earlier randomized   35   32 8.6 9.2 – – 0.67
  Earlier comparative  371  287 5.8 6.2 – –
  Comparative and noncomparative 1033  618 11.2 ± 6.2 9.1 ± 5.3 – – <0.001
  Overall including Amsterdam 1147  724 10.7 ± 6.8 8.1 ± 5.3   <0.001
Hospital stay [days]
  Amsterdam  114  106 22.6 ± 23.0 17.3 ± 9.4 – – <0.001
  Earlier randomized   54   52 21.2 19.5 – –  0.52
  Earlier comparative  679  654 20.6 19.3 – –
  Comparative and noncomparative 1198 1397 21.0 ± 16.2 17.8 ± 10.3 – – <0.001
  Overall including Amsterdam 1312 1503 22.2 ± 16.8 17.7 ± 10.2   <0.001

Data from the Amsterdam trial are in bold italics; data from the earlier meta-analysis are in roman type.
The results of the Amsterdam study are included in the overall group.
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perioperative care has improved signifi cantly. As 
more experience is gained, mortality rates for 
complex surgery tend to decrease. Twenty years 
ago the average hospital mortality rate following 
resection of esophageal carcinoma was 29%.62 
Ten years later the resection mortality rate was 
more than halved to 13%.1 Today the average hos-
pital mortality rate is almost halved again: when 
all data are combined a hospital mortality rate of 
7.5% is achieved. Mortality rates vary widely 
(0%–27.8%), and decrease with growing experi-
ence and a higher hospital volume.66–68 In experi-
enced centers hospital mortality should be below 
5%.

Although most individual reports do not fi nd 
signifi cant differences in in-hospital mortality 
between transthoracic and transhiatal ap -
proaches, overall in-hospital mortality is signifi -
cantly higher after transthoracic resections, 
despite the fact that many surgeons perform 
transhiatal resections preferably on older patients 
with more comorbidity.4,5,15,21 In the Amsterdam 
trial, there was no difference in preoperative 
characteristics such as age or American Society 
of Anesthesiologists’ classifi cation. There was 
also no difference in mortality after transtho-
racic resection (4%) versus transhiatal resection 
(2%, p = 0.45).56

Theoretically, transthoracic resections carry 
the disadvantages of a formal thoracotomy, which 
might result in a higher number of pulmonary 
complications. This is confi rmed by the present 
data. Transthoracic resections may be associated 
with a transient deterioration of pulmonary 
function during one-lung ventilation in the 
left-lateral position, although this might be 
(partly) compensated for during the intervention 
when two-lung ventilation is resumed.4 With 
modern anesthesiologic techniques (early extu-
bation, epidural analgesia) and improved peri-
operative respiratory care, the incidence of 
cardiopulmonary complications might further 
decrease.

The incidence of anastomotic leakage varies 
widely in the literature, which is partly due to a 
discrepancy in defi nitions: some authors mention 
only the clinically signifi cant leaks, while others 
include both subclinical and clinical leaks. 
Overall there is a signifi cant difference favoring 
transthoracic approaches. This is at least partly 

due to the location of the anastomosis. In trans-
thoracic resections, the anastomosis can be made 
cervically, but often it is made in the chest. During 
transhiatal procedures, the anastomosis is always 
made in the neck. A cervical anastomosis carries 
a higher risk of leakage than an intrathoracic 
anastomosis, but diminishes the risk of medias-
tinitis when leakage occurs.6,8,11,16,17,32 In the 
Amsterdam trial, all anastomoses were made in 
the neck, and there was no difference in inci-
dence of (sub)clinical anastomotic leaks (16% 
and 14%).56 Most cervical leakages are minor, 
that is, subclinical (only seen radiologically) 
and do not require surgical exploration as they 
often resolve spontaneously 10 to 35 days after 
operation.7,14,26,17,32,56 When surgical drainage is 
required, opening of the cervical incision almost 
always suffi ces. Unfortunately, approximately 
one third of the patients who develop anasto-
motic leakage in the neck will develop a subse-
quent stricture that jeopardizes the long-term 
functional result.41

Vocal cord paralysis due to injury of the recur-
rent laryngeal nerve is another frequent compli-
cation of esophagectomy, but most of the time the 
paralysis disappears within a few months.6,69 A 
high incidence of vocal cord paralysis is men-
tioned after a cervical anastomosis, both after 
transthoracic and after transhiatal procedures, 
indicating that the recurrent nerve is mainly at 
risk during the cervical dissection and the con-
struction of the anastomosis.69–71 In the Amster-
dam trial, the incidence of vocal fold paralysis 
was slightly but not signifi cantly higher after 
transthoracic resection, refl ecting the combina-
tion of a cervical anastomosis with a lymph node 
dissection in the aorta-pulmonary window 
(during which the left recurrent nerve is at 
risk).56

In the published literature of the last decade, 
patients stay slightly but signifi cantly longer on 
the ventilator and in the intensive care unit/
medium care unit (ICU/MCU) after transthoracic 
resection. In the Amsterdam trial there was also 
a clear difference in ICU/MCU stay favoring the 
transhiatal approach.56 This also refl ects on the 
total hospital stay, which is prolonged after trans-
thoracic resection, while the stay on the surgical 
ward after patient had left the ICU/MCU was not 
prolonged.
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In conclusion, pulmonary complications occur 
more frequently after transthoracic resection, 
leading to an increased intensive care and hospi-
tal stay (level of evidence 1+). Overall mortality 
may also be increased after transthoracic resec-
tion, although individual randomized trials do 
not demonstrate this increased mortality.

25.3.3. Long-term Survival

When all data of the last decade are combined for 
all tumor stages, there is no difference in 3-year 
survival rates between transthoracic and tran-
shiatal resections [27.6% vs. 26.1%; relative risk 
(RR) 1.06; 95% confi dence interval (95% CI), 
0.94–1.19; see Table 25.4). When only the com-
parative trials are considered, there is a statisti-
cally signifi cant difference in 5-year survival 
favoring transthoracic resection, but when all 
studies are included the 5-year survival rate is 
not signifi cantly higher: 23.6% versus 23.3%; RR 
1.01; 95% CI, 0.92–1.12. These results are compa-
rable with the results of an early meta-analysis by 
Müller and coworkers in 1990, covering the 
decade 1980 to 1989.65

In the Amsterdam trial, 142/220 patients had 
died at the end of follow-up: 74 (69%) after tran-
shiatal resection and 68 (60%) after transthoracic 
resection (p = 0.12). Although the difference in 
survival was not statistically signifi cant, there 

was a trend towards a survival benefi t of the 
extended approach at 5 years: disease-free sur-
vival was 27% versus 39%, while overall survival 
was 29% versus 39%.56

The long-term benefi t of transthoracic resec-
tion in the Amsterdam trial could be fully attrib-
uted to patients with a mid/distal esophageal 
carcinoma (Siewert type I), in whom the esti-
mated 5-year survival benefi t for transthoracic 
resection was 17% (95% CI of the difference, 3%–
37%; see Figure 25.1).72 The survival benefi t of a 
transthoracic resection for patients with a carci-
noma of the cardia/gastro-esophageal junction 
(Siewert type II) was only 1%.

A recent paper discusses the outcomes of tran-
shiatal resection for early (T1) adenocarcinoma 
of the esophagus or gastro-esophageal junction.73 
In this paper, it is shown that only 1% of the 
tumors confi ned to the mucosa or superfi cial 
submucosa (T1M1–M3/SM1) have lymph node 
metastases, versus 44% of tumors confi ned to the 
deeper layers of the submucosa (T1SM2-SM 
tumors). This was also refl ected in the 5-year sur-
vival rates of these tumors: 97% and 57%, respec-
tively. These data suggest that T1M1-M3/SM1 
tumors may be eligible for local endoscopic 
therapy such as endoscopic mucosal resection 
(EMR).74 Currently we perform a diagnostic EMR 
for small tumors. When a T1M1-M3/SM1 tumor 
is found, we consider this a curative resection. 

TABLE 25.4. Long-term survival after transthoracic esophagectomy (TTE) or transhiatal esophagectomy (THE) for all tumor stages 
combined.

  Percentage of 
 Number of patients surviving patients Statistics 

 TTE THE TTE THE Relative risk 95% CI

3-year survival
  Amsterdam  114  106 42.8% 38.5% 1.11 0.8–1.53
  Earlier randomized   35   32 28.6% 25.6% 1.83 0.70–4.78
  Earlier comparative  375  250 29.1% 22.0% – –
  Comparative and noncomparative 1914 1119 26.7% 25.0% 1.07 0.94–1.21
  Overall including Amsterdam 2028 1225 27.6% 26.1% 1.06 0.94–1.19
5-year survival
  Amsterdam  114  106  39%  29% 1.32 0.9–1.92
  Earlier randomized – – – – – –
  Earlier comparative  807  499 35.2% 24.9% 1.41 1.68–1.89
  Comparative and noncomparative 2677 2264 23.0% 21.7% 1.06 0.96–1.18
  Overall including Amsterdam 2791 2370 23.6% 23.3% 1.01 0.92–1.12

Results of the Amsterdam trial are in bold italics; results from the earlier meta-analysis are in roman type.
The results of the Amsterdam study are included in the overall group.
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When a tumor larger than T1-SM1 is found, the 
patient is scheduled for esophagectomy. In almost 
half of the patients with T1SM2-SM3 tumors, 
recurrent disease develops within 5 years after 
transhiatal resection. This substantial recurrence 
rate after transhiatal resection, including both 
locoregional and distant dissemination, might be 
an argument in favor of more extensive surgery, 
and/or neoadjuvant chemoradiation therapy in 
this patient group.

25.4. Conclusion

With only four randomized trials, amounting 
to 358 patients, there is a clear lack of properly 
conducted large randomized studies comparing 
transhiatal and transthoracic resection. All other 
comparative studies except three are retrospec-
tive, often extending over many years with 
relatively small numbers of selected patients. 
Defi nitions of peri-operative events are rarely 
given, making exact comparison diffi cult. Com-
parison of different series is further hampered 
because results are not presented in a standard-
ized format, often including different histologi-
cal subtypes and stages. Based on the present 
state of evidence, the following conclusions can be 
drawn.

Esophageal carcinoma remains a disease with 
a grim prognosis. Surgery remains the mainstay 
of potentially curative treatment, but postopera-
tive morbidity is still high. Based on the similar 
in-hospital mortality and the clinically relevant 

(albeit not statistically signifi cant) 17% higher 
survival rates as demonstrated in the Amsterdam 
trial, we now prefer the transthoracic approach 
combined with a two-fi eld lymph node dissec-
tion for patients with a tumor of the mid/distal 
esophagus who are fi t for major surgery (level 
of evidence 1– to 2++; recommendation grade 
C). We reserve the transhiatal route for patients 
with a cardia/junction carcinoma, unless tumor-
positive lymph nodes have been identifi ed at 
or proximal to the carina during preoperative 
workup. In those cases we perform a trans-
thoracic resection with two-fi eld lymphadenec-
tomy, just as we do for patients with a tumor 
of the mid/distal esophagus. Both transthoracic 
and transhiatal resections have their fi rm pro-
tagonists, but until further randomized trials 
have been performed to confi rm these results, 
the choice for a certain surgical approach to 
esophageal cancer still rests on the indivi-
dual preference of the surgeon, not on solid 
evidence.
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Distal esophagus FIGURE 25.1. Survival curves after transthoracic and 

transhiatal resection for adenocarcinoma of the mid-/
distal esophagus of the Amsterdam trial (p = 0.14). 
(Reprinted from Hulscher JB, Van Lanschot JJ. 
Individualised surgical treatment of patients with an 
adenocarcinoma of the distal oesophagus or gastro-
oesophageal junction. Dig Surg 2005;22:130–134, with 
permission from S. Karger AG, Basel.)

Based on the similar in-hospital mortality and 
the clinically relevant (albeit not statistically 
signifi cant) higher survival rates, we prefer 
the transthoracic approach combined with a 
two-fi eld lymph node dissection for patients 
with a tumor of the mid/distal esophagus, and 
reserve the transhiatal route for patients with 
a cardia/junction carcinoma, unless positive 
lymph nodes have been identifi ed at or proxi-
mal to the carina (level of evidence 1– to 2++; 
recommendation grade C).
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26
Minimally Invasive Versus Open 
Esophagectomy for Cancer
Ara Ketchedjian and Hiran Fernando

26.1. Operative Procedure 
and Feasibility
Minimally invasive esophagectomy techniques 
require advanced laparoscopic and thoracoscopic 
skills for optimal outcomes. Due to the inherent 
limitations in visualization and instrumentation, 
operative times are often longer and vary widely 
(3.7–7.5 h; Table 26.1). The earliest descriptions of 
MIE involved a combination of open surgery with 
either thoracoscopy or laparoscopy. In 1993, 
Collard demonstrated that esophageal dissection 
could be carried out thoracoscopically when 
combined with laparotomy for gastric mobiliza-
tion.1 The disadvantage of a hybrid approach 
such as this is that the patient is still subjected 
to the morbidity of the open approach in the 
abdomen. The fi rst report of a completely mini-
mally invasive approach was by Depaula, who 
described a laparoscopic transhiatal esophagec-
tomy.2 Swanstrom and colleagues later described 
the fi rst North American experience using the 
same approach as Depaula.3 Luketich and cowork-
ers further modifi ed the approach utilizing both 
laparoscopy and thoracoscopy to achieve esopha-
gectomy.4 This modifi cation was added to help 
with visualization and dissection of the thoracic 
esophagus, as well as to achieve a more complete 
lymph node dissection. As with most new tech-
nologies and procedures, there is a continuous 
evolution of technique in an attempt to improve 
operative outcome and ease of surgery. Other 
techniques such as robotic esophagectomy have 
been reported, but currently the experience with 
this approach is relatively small.5

Despite advances in medical and radiation oncol-
ogy, esophagectomy continues to remain the cor-
nerstone of therapy for esophageal cancer when 
cure is the goal. The surgical approaches to 
esophagectomy, however, vary by institution. In 
many cases patients with esophageal cancer are 
older with signifi cant comorbid diseases. Open 
approaches to esophagectomy can often carry 
signifi cant morbidity and mortality for these 
compromised patients. Minimally invasive strat-
egies, bolstered by improving techniques and 
technology, have made minimally invasive 
esophagectomy (MIE) a feasible operative strat-
egy for esophageal cancer surgery. Minimally 
invasive surgery offers the potential for faster 
postoperative recovery and fewer pulmonary 
complications. Much like open surgery, MIE 
approaches and techniques differ based on insti-
tution and surgeon. The goal, however, regardless 
of the approach, is complete resection of all 
cancer. Whether MIE can provide added benefi t 
to morbidity, mortality, or postoperative recov-
ery without compromising oncologic resection 
continues to be a topic of debate.

Minimally invasive esophagectomy remains a 
relatively new approach for the treatment of 
esophageal cancer with a paucity of level 1 evi-
dence comparing it to standard open esophageal 
surgery. A majority of the literature on MIE 
refl ects institutional-based observations and 
experience. This chapter will review the litera-
ture on both open and minimally invasive esoph-
agectomy, comparing the relevant factors that 
may infl uence a surgeon’s approach to esopha-
geal cancer surgery.
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Even for open esophagectomy there is some con-
troversy as to which operative approach is best. 
Prospective, randomized trials comparing tran-
shiatal and transthoracic procedures have demon-
strated no signifi cant difference in survival.6–8 
Additionally, there are differences in outcome 
when comparing low-volume to high-volume 
esophageal centers. Birkmeyer and colleagues, in 
reviewing a national database, reported mortality 
rates ranging from 8% in high-volume centers to as 
high as 23% in low-volume centers.9 In the absence 
of a randomized trial, the differences in outcome 
between centers is an additional source of bias 
when trying to compare surgical approaches.

With regards to techniques for open esopha-
gectomy, surgeons tend to prefer one approach 
over another. Advocates of transhiatal esopha-
gectomy favor this approach because it avoids 
thoracotomy and all its associated morbidities. In 
comparison, achieving an R0 resection has been 
stressed by others as the most important factor 
for attaining cure, suggesting that a more exten-

sive dissection accomplished by an open 
thoracotomy approach is superior.10 Extended 
(three-fi eld) lymph node dissection and en bloc 
resection are being used to optimize the number 
of harvested lymph nodes in an attempt to 
ac complish R0 resection. Some groups have also 
reported en bloc resections using minimally 
invasive techniques, although they failed to dem-
onstrate any improvement in morbidity.11,12 
Although en bloc resections have been demon-
strated to be safe at high-volume centers, they are 
associated with higher morbidity.

26.2. Studies Comparing Open and 
Minimally Invasive Esophagectomy

There have been no randomized studies that 
compare MIE to open esophagectomy (OE). There 
are two retrospective studies that have compared 
MIE to OE.13,14 In the fi rst study, 18 MIE were 
compared to 16 OE. The authors found that the 

TABLE 26.1. Minimally invasive esophagectomy – surgical outcome.

Surgeon n Evidence Operative approach (h) Operation time LOS (days) Mortality (%)

Total
MIE
DePaula2 12 Retrospective Lap THE 4.3 7.6 0
Swanstrom3 9 Retrospective Lap THE 6.5 6.4 0
Watson29 7 Retrospective MIE 4.4 12 0
Luketich15 222 Retrospective MIE –   7 1.4
Nguyen30 46 Retrospective MIE 5.8 8 4.3
Avital23 22 Retrospective Lap THE 6.3 8 4.5
Hybrid
Liu31 20 Retrospective VATS/laparotomy 4.6a 19 0
Peracchia32 18 Retrospective VATS/laparotomy 5.6 –   5.5
Law33 18 Retrospective VATS/laparotomy 4 –   0
Kawahara34 23 Retrospective VATS/laparotomy 1.8a 26 0
Smithers35 153 Retrospective VATS/laparotomy 5.0 12 3.3
Osugi12 80 Retrospective VATS/laparotomy 3.7 –   0
Open
Mathisen36 104 Retrospective TA (64)/IL (40) –   –   2.9
Lerut37 198 Retrospective Open (varied) –   18 9.6
Orringer17 1085 Retrospective THE –   10 4
Swanson38 250 Retrospective Three-hole –   13 3.6
Bailey16 1777 Retrospective Open (varied) –   –   9.8
Rizk19 510 Retrospective Open (varied) –   23b 6.1
     11c

IL, Ivor Lewis; Lap, laparoscopic; MIE, minimally invasive esophagectomy; TA, left thoraco-abdominal; THE, transhiatal esophagectomy; VATS, 
video-assisted thorascopic surgery.
aVATS portion only.
bPatients with complications.
cPatients without complications.
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mean operative time (364 min), blood loss 
(297 mL), and length of intensive care unit stay 
(6.1 days) were decreased compared with open 
transthoracic esophagectomy (437 min, 1046 mL, 
9.9 days) and blunt transhiatal esophagectomy 
(391 min, 1142 mL, 11.1 days).14 The incidence of 
respiratory complications (pneumonia, pulmo-
nary embolism, respiratory failure) was similar 
among the groups. It should be emphasized, 
however, that there were signifi cant differences 
between the groups in this retrospective com-
parison. The open patients had more advanced 
cancers whereas the MIE group had more patients 
with high-grade dysplasia or a benign disorder 
requiring esophagectomy. Additionally, the open 
operations were performed by a group of four 
surgeons with variable experience with esopha-
geal surgery, whereas the MIE procedures were 
performed by a single surgeon with specifi c 
expertise in minimally invasive esophageal 
surgery. The open operations were performed 
several years before the MIE procedures, so there 
may also have been differences in practice pat-
terns accounting for the longer lengths of stay. 
The second comparative study included 25 lapa-
roscopic transhiatal (with the use of a handport) 
and 20 open transhiatal esophagectomies. It 
should be noted that there was a relatively high 
incidence (36%) of conversions to laparotomy in 
the MIE group. Not unexpectedly, the authors 
demonstrated a signifi cantly longer operative 

time in the MIE group (300 vs. 257 min). In favor 
of MIE, however, there was a signifi cantly shorter 
intensive care unit stay (1 vs. 2 days) and blood 
loss (600 vs. 900 mL) in these patients compared 
to the open procedures. Otherwise there was no 
difference in perioperative outcome.

In the MIE series by Luketich, the median ICU 
stay was 1 day, time to oral intake was 4 days, and 
hospital stay was 7 days. This minimally invasive 
approach which utilizes thoracoscopy compares 
favorably with outcomes after laparoscopic tran-
shiatal and is better than most series of open 
esophagectomy (Table 26.1).15

26.3. Morbidity and Mortality

As discussed above, there are no randomized or 
published prospective trials involving MIE. In 
the absence of such data the best option is to 
compare the best published results with those 
reported after open operation. Although mortal-
ity is usually reported in esophagectomy series, 
total morbidity is not. Reports of morbidity typi-
cally target specifi c outcomes such as anasto-
motic leak and pneumonia rates, making 
comparisons of morbidity challenging. For this 
reason, rather than comparing overall morbidity, 
we have compared the reported rates of specifi c 
complications after MIE, hybrid, and OE from 
different series in Tables 26.2 and 26.3.

TABLE 26.2. Minimally invasive esophagectomy – recurrence and survival.

     Follow-up     Survival (%)   Loco-regional
 Year n Evidence Approach (months) Median (mos) 1 year 3 years 5 years recurrence

l MIE
Swanstrom3 1997 9 Retrospective Lap THE 13 – – – – 22.2
Nguyen30 2003 46 Retrospective MIE (41 IL) 26 – 87 57 – 26.1
Luketich15 2003 222 Retrospective MIE 19 26   69%  45% 36 –
Hybrid
Peracchia32 1997 18 Retrospective VATS/laparotomy 17 – – – – 16.6
Law33 1997 18 Retrospective VATS/laparotomy  13.7 – 81 – – 44.4
Kawahara34 1999 23 Retrospective VATS/laparotomy – – – – – 30.4
Smithers35 2001 153 Retrospective VATS/laparotomy 21 29 70 – 40 –
Open
Mathisen36 1988 104 Retrospective TA (64)/IL (40) – – – – 15  5.8
Lerut37 1992 198 Retrospective Open (varied) >24 – 63 – 30 –
Orringer17 1999 1085 Retrospective THE 27 – 67 34 23 –
Swanson38 2001 250 Retrospective Three-hole 24 25 44 – –  5.6
Rizk19 2004 510 Retrospective Open (varied) – – 44 – – –

IL, Ivor Lewis; Lap, laparoscopic; MIE, minimally invasive esophagectomy; TA, left thoraco-abdominal; THE, transhiatal esophagectomy; VATS, 
video-assisted thoracoscopic surgery.
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26.3.1. Mortality

Mortality was 1.5% in the Pittsburgh series and 
4.5% from the University of California, Davis 
series, the two largest MIE reported experiences 
to date. This compares favorably with other open 
series, where typically mortality is 5% or less 
when reported from large-volume esophageal 
centers. Bailey recently reported on a prospective 
multicenter series of 1777 patients all from the 
Veterans Administration (VA) system.16 This is 
one of the largest studies of its kind. Mortality in 
this study was higher at 9.8%. Similarly, the 
report analyzing outcomes from the Leapfrog 
database indicated that mortality even in high-
volume esophageal centers was around 8%.9 A 
prospective, nonrandomized phase II study of 
MIE currently is being conducted by the Eastern 
Cooperative Oncology Group and the Cancer and 
Leukemia Group B (E2202). The goal of E2202 is 
look at the feasibility of MIE in a multicenter 
setting, with perioperative mortality being the 
primary end point.

26.3.2. Complications

In the largest series of MIE, major complications 
occurred in 32% of patients.15 The most common 
major complication was anastomotic leak, which 
occurred in 11% of patients overall. The leak 
rate in this series was infl uenced by technique. 
Mid-series a narrow gastric tube (4 cm or less) 
was utilized and resulted in a very high leak rate 
of 25.9%. Because of these results the authors 
subsequently reverted back to a wider gastric 
tube (6 cm or more) and reported a lower leak rate 
of 6.1%. In the University of Michigan series of 
1085 transhiatal esophagectomies, the overall 
leak rate was 13%.17 More recently, the same 
group has reported a signifi cant reduction in the 

leak rate to 2.7% using a side-to-side stapled 
anastomosis.18 Risk and colleagues recently 
reported the results from Memorial Sloan-
Kettering in 510 open esophagectomies.19 Anas-
tomotic leak rates were higher (21%) in this group 
of patients.

Pneumonia has been shown to be a signifi cant 
predictor of mortality and morbidity after esoph-
agectomy.20 Pneumonia was the second most 
common major complication in the Pittsburgh 
series of MIE, occurring in 7.7% of patients.15 
This pneumonia rate is lower than the reported 
rates after open approaches that include a signifi -
cant number of thoracotomies (15%–30%) but is 
higher than the 2% pneumonia rate reported 
after the largest series of transhiatal esophagec-
tomies.17 In the University of California Davis 
series of MIE, the most frequent complications 
were anastomotic leaks (11%) and respiratory 
failure (11%), which are similar to those in other 
series. The most frequent minor complication in 
the Pittsburgh MIE series was atrial fi brillation 
occurring in 12%.15 Atrial fi brillation has been 
reported to occur in between 20% to 25% of 
patients after OE.21

26.4. Recurrence and Survival

There is scant data on long-term survival and 
recurrence patterns following minimally inva-
sive approaches to esophagectomy. In the single 
institution MIE series by Luketich and associates, 
Kaplan–Meier estimates of survival based on 
stage were similar to those in the open litera-
ture.15 Although not presented in that original 
publication, re-analysis of the original dataset of 
222 patients with esophageal cancer demon-
strated 1-, 3-, and 5-year survivals of 69%, 45%, 
and 36%, respectively, which are similar if not 

TABLE 26.3. Postoperative complications after esophagectomy.

 Number Type of  Myocardial Anastomotic  Atrial
Author of patients procedure Pneumonia infarction leak Chylothorax fibrillation

Whooley39 710 Open 17 8 3.5 1.7 23
Atkins20 NA Open 15.8 1.1 14 3 13.7
Ferguson40 269 Open 27 2 16 4 36
Luketich15 222 MIE 7.7 1.8 11.7 3.2 12
Nguyen30  46 MIE 2.1 2.1 8.7 na na

Abbreviation: na, not applicable.
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better than for some open series (Table 26.3). In 
the University of California at Davis MIE series, 
there were 87% 1-year and 57% 3-year survival 
rates in 46 patients.22 Avital and colleagues in the 
most recently published MIE series reported a 
61% survival at 30-month follow-up.23 It should 
be emphasized, however, that this study included 
a relatively large number of early-stage cancers, 
with 84% of the patients having either stage I 
or II tumors. Loco-regional recurrence rates of 
between 16% and 44% have been documented in 
minimally invasive series, which is on par with 
the known natural history of resected esophageal 
cancer using open techniques. Prospective, con-
trolled studies will be required to more accurately 
delineate the survival and recurrence patterns 
afforded by MIE compared to open techniques 
(Table 26.2).

26.5. Pain and Quality of Life

There are no specifi c analyses of postoperative 
pain in the MIE literature. Studies comparing 
video-assisted thorascopic surgery (VATS) or 
thoracotomy for lung resection have demon-
strated less pain, better preservation of lung 
function, and improved shoulder function with 
VATS.24,25 Whether this holds true after MIE 
needs to be determined.

Quality of life (QOL) is a critical factor in the 
management of patients with esophageal cancer. 
Headrick and associates have found that on long-
term follow-up, esophagectomy can be performed 
with little to no impairment in QOL compared 
with normal patients based on SF36 scoring.26 
Similarly, Blazeby and co-authors found that 
QOL initially was diminished in patients under-
going resection for esophageal carcinoma, but 
improved back to baseline in those patients sur-
viving for 2 years following esophagectomy.27 In 
the Pittsburgh series of 222 MIE patients, the 
mean postoperative dysphagia score was 1.4 on a 
scale from 1 (no dysphagia) to 5 (severe dyspha-
gia).15 The presence of dysphagia after esopha-
gectomy, particularly if performed in a relatively 
asymptomatic patient such as those with high-
grade dysplasia, can have a signifi cant effect on 
QOL. Overall QOL using the SF36 were also mea-
sured and were not signifi cantly different com-

pared to age-matched normal values during 
follow-up after MIE.

26.6. Summary

Currently, experience with MIE is relatively 
small, and published results are mostly single 
institution reports. It should be emphasized that 
there is no level 1 data comparing OE and MIE. 
The only trials that have compared MIE to OE 
were level 3b (single-institution case control) 
studies.13,14 The fi rst study was biased in terms of 
case mix and surgeon experience favoring the 
MIE cases, whereas the second study included a 
relatively large number of conversions in the MIE 
group, suggesting that this was early in the sur-
geons learning curve. Otherwise, the data sup-
porting MIE is primarily level 4 (single institution 
case series). However, this is also the case for OE 
where the best reported results in terms of mor-
bidity and mortality are from single institution 
high-volume esophageal centers. Comparison of 
such MIE and OE reports indicates that MIE is 
associated with at least equivalent results in 
terms of mortality, morbidity, and survival after 
esophagectomy (recommendation grade C). 
Although pain control and pulmonary function 
have not been compared after different esopha-
gectomy approaches, there is level 3B evidence 
suggesting that both of these outcomes are better 
with VATS compared to thoracotomy (recom-
mendation grade C).24,25 Similarly, QOL has rarely 
been addressed in esophagectomy studies. The 
data that exists is primarily level 4 for both OE 
and MIE and indicate that with longer follow-up 
that QOL is similar to normal value patients (rec-
ommendation grade C).15,26,27

Minimally invasive esophagectomy is associ-
ated with at least equivalent results in terms 
of mortality, morbidity, and survival as open 
esophagectomy (level of evidence 3b to 4; rec-
ommendation grade C).

Pain control and pulmonary function may 
be better after VATS compared to thoracotomy 
for esophagectomy (level of evidence 3b; rec-
ommendation grade C).
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The differences in case mix, experiences of the 
surgeon and centers involved, as well as a number 
of alternative open approaches make it diffi cult to 
draw defi nitive conclusions about whether MIE 
has real advantages over OE. The prospective 
E2202 trial will answer some questions about the 
utility of MIE. It should be emphasized that 
esophagectomy, whether performed by an open or 
minimally invasive approach, is a complex proce-
dure and outcomes are better in high-volume 
centers. Another issue with MIE is the steep learn-
ing curve required to master these minimally 
invasive techniques, so it is likely that only a few 
centers with expertise in both minimally invasive 
techniques and open esophageal surgery will 
adopt this approach. Nevertheless, the results are 
encouraging and may broaden the applicability of 
this technique to higher-risk patient groups such 
as the elderly.28 Prospective studies will be required 
to determine whether postoperative pain, recov-
ery time, and cost are improved. As with VATS 
lobectomy, there will likely be a cadre of surgeons 
performing MIE and another group performing 
OE, all with excellent results. A randomized study 
may not be feasible because of institutional prefer-
ences, and so a prospective registry oriented series 
may be the best option to help elucidate whether 
the perceived advantages of MIE hold true.
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In addition, all retroperitoneal tissues between 
the superior border of the pancreas and the crus 
of the diaphragm are included within the 
dissection.

2. The mediastinal fi eld, which includes the 
middle and lower periesophageal nodes, the sub-
carinal nodes, and the thoracic duct with its asso-
ciated lymph nodes as it courses through the 
middle and lower mediastinum. Resection of the 
trunk of the azygous vein, as previously pro-
posed, is no longer considered a necessary com-
ponent of the operation.19

3. The third fi eld, which includes the chain of 
lymph nodes along both recurrent nerves 
throughout their mediastinal and cervical course, 
as well as the deep cervical nodes posterior and 
lateral to the jugular vein and the supraclavicular 
nodes. Thus, the third fi eld encompasses a group 
of nodal stations that span the superior posterior 
mediastinum and the lower neck.

The purpose of this chapter is to review the 
published evidence supporting either of these 
two surgical strategies. For purposes of clarity, 
the data from transhiatal and transthoracic 
resections are presented separately, despite the 
earlier contention that the two procedures differ 
only slightly in the extent of the associated lymph 
node dissection.

27.1. Transhiatal Esophagectomy

This procedure is one of the more common tech-
niques for esophagectomy in North America 
and Europe. In a study of the National Cancer 

The controversy surrounding the surgical treat-
ment of esophageal cancer focuses, almost exclu-
sively, on the extent of lymph node dissection 
required during esophagectomy. The majority 
view holds that an extended or a radical lymph 
node dissection will not improve overall or disease-
free survival because the disease is systemic at the 
time of diagnosis and that long-term outcomes are 
largely determined by the biological behavior of 
the tumor; an issue that cannot be infl uenced by 
the extent of surgical dissection. Advocates of this 
view embrace the conventional techniques of 
esophageal resection where the esophagus is 
extracted from its mediastinal bed along with the 
adjacent periesophageal and lesser curvature 
nodes.1–18 This extent of lymph node excision is 
easily achieved by either a transhiatal or a trans-
thoracic approach and thus, the terms transhiatal 
or transthoracic are descriptive only of the means 
of surgical access rather than the extent of lymph 
node dissection which is, for all intents and pur-
poses, similar in extent. In contrast, the opposing 
view held by a minority of surgeons in the West, 
states that a radical lymphadenectomy may 
improve local disease control and survival in a 
small, but signifi cant, proportion of patients. The 
extent of lymph node dissection, as generally pro-
posed by Japanese and some Western surgeons 
includes at least two nodal basins (two-fi eld dis-
section) and occasionally three nodal basins 
(three-fi eld dissection). These nodal regions or 
fi elds include:

1. The abdominal fi eld, which encompasses 
the paracardial, lesser curvatures, left gastric, 
celiac, common hepatic, and splenic artery nodes. 
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Database of the American College of Surgeons, 
transhiatal esophagectomies were performed in 
25% to 30% of patients with carcinoma of the 
esophagus.20 The procedure entails extirpation of 
the intrathoracic esophagus without a thoracot-
omy and advancement of the esophageal substi-
tute, usually a greater curvature gastric tube, to 
the neck for reconstruction. The extent of nodal 
dissection with this operation is essentially 
limited to the periesophageal nodes and those 
perigastric nodes along the cardia, the lesser 
gastric curve, and the left gastric artery.

The largest single experience with transhiatal 
esophagectomy is that of Orringer, who reported 
on 800 patients with cancer of the intrathoracic 
esophagus and cardia.1 Adenocarcinoma was 
present in 69% of the patients, while 28% had 
epidermoid cancer. Hospital mortality was 4.5% 
and morbidity was 27%. Overall survival at the 
2-, 3-, and 5-year mark was 47%, 34%, and 23%, 
respectively. Five-year survival was 59% for stage 
I patients and 22% for stage IIA patients. Patients 
with stage III disease had a 2- and 5-year survival 
rate of 32% and 10%, respectively. There was an 
overall statistically signifi cant survival advan-
tage for patients with adenocarcinoma (24% vs. 
17%).

This study by the University of Michigan group 
is considered the benchmark for transhiatal 
esophagectomy and represents the best expected 
outcome following transhiatal resections for car-
cinoma. However, it is clear from reviewing the 
literature that these survival rates are quite con-
sistent with the experience of most surgeons who 
practice a similar approach2–7 (Table 27.1). Gelfand 

reported on 160 patients who underwent tran-
shiatal esophagectomy for carcinoma of the lower 
esophagus and cardia.2 Most tumors were adeno-
carcinoma and most were in earlier stages. Sur-
vival rates at 2 years and 5 years were 40% 
and 21%, respectively. Gertsch reported on 100 
patients with esophageal carcinoma who were 
uniformly treated with transhiatal esophagec-
tomy without adjuvant therapy over a 10-year 
period.3 Hospital mortality was 3% and morbid-
ity 68%. The median survival was 18 months and 
the overall 5-year survival was 23%. There was 
no difference in survival between patients with 
adenocarcinoma compared to those with squa-
mous histology. Survival was better for T1 and T2 
tumors (63% 5-year survival). Vigneswaran 
reported on the results after transhiatal esopha-
gectomy in 131 patients, the majority of whom 
had adenocarcinoma.4 Operative mortality was 
2%. Overall 5-year survival was 21%. Patients 
with stage I disease had a 47.5% 5-year survival 
compared to patients with stage III disease, whose 
5-year survival was 5.8%. Patients with adeno-
carcinoma had a 5-year survival of 27%, while 
not a single patient with squamous cell cancer 
was alive at the 5-year mark.

A few studies reported the local recurrence 
rates following transhiatal resection.21–23 Urba 
and colleagues reported the results of a random-
ized trial comparing transhiatal esophagectomy 
alone to transhiatal esophagectomy following 
induction chemoradiotherapy.21 More than 75% 
of patients in both study arms had adenocarci-
noma. There was no statistically signifi cant dif-
ference in either overall survival or disease-free 

TABLE 27.1. Transhiatal esophagectomy for esophageal cancer.

    Hospital 5-year Median
Author Year Patients Cell type mortality (%) survival (%) survival

Orringer1 1999 800 A/S 4.5 23 ns
Chu5,a 1997  20 S 15 ns 16 months
Horstmann6 1995  46 A/S 15 20 12 months
Putnam10 1994  42 A/S 4.8 18 14 months
Gertsch3 1993 100 A/S 3 23 ns
Vigneswaran4 1993 131 A/S 2.3 21 ns
Goldminc7,a 1993  32 S 6.25 30 (3 years) ns
Gelfand2 1992 160 A 0.9 21 ns

Abbreviations: A/S, adenocarcinoma/squamous cell carcinoma; ns, not significant; S, squamous cell carcinoma.
aRandomized trials comparing transhiatal and transthoracic esophagectomy.
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survival between the two arms of the study. 
Overall survival and disease-free survival were 
both 16% after transhiatal esophagectomy alone. 
Local recurrence as a component of treatment 
failure occurred in 42% of patients in the surgery 
alone arm. This fi gure is almost identical to the 
local failure rate reported by Barbier, who pro-
spectively evaluated the recurrence rate in 50 
patients that underwent transhiatal resection 
for cancer by serial CT scans.22 Local recurrence 
was detected in 39% of patients. More recently, 
Hulscher reported a loco-regional recurrence 
rate of 37% among 137 esophageal cancer patients 
treated by transhiatal esophagectomy without 
preoperative therapy.23

In summary, it appears that for patients with 
esophageal adenocarcinoma, transhiatal esopha-
gectomy can usually be performed with an opera-
tive mortality of 5% or less in the hands of 
experienced esophageal surgeons (Table 27.1). 
Five-year survival rates are generally in the 20% 
to 25% range. Survival for patients with stage I 
tumors is in the 60% to 70% range, while patients 
with stage III disease have a 5% to 10% 5-year 
survival. Finally, the procedure is associated with 
failure to control or eradicate local disease in 
nearly 40% of patients.

27.2. Standard Transthoracic 
Esophagectomy

Transthoracic esophagectomy is probably the 
most widely performed operation for cancer of 
the esophagus worldwide. In the United States, 
50% to 60% of all surgically treated tumors of the 
esophagus are performed using a transthoracic 
approach.20 The procedure can be carried out 
either through a right or left thoracotomy inci-
sion, depending on the preference of the surgeon 
and the location of the tumor within the esopha-
gus. Generally, a right thoracotomy is required 
for adequate exposure of tumors in the middle or 
upper thirds that are anatomically intimately 
related to the membranous trachea or the arch of 
the aorta. Tumors located at the gastroesopha-
geal junction or in the lower third of the esopha-
gus can also be approached through a left 
thoracotomy incision combined with a left phre-
notomy, or, alternatively, with a left thoracoab-

dominal incision. Regardless of the side of the 
thoracotomy, the extent of lymph node dissection 
is usually limited to the immediate periesopha-
geal, cardial, and perigastric nodes.

One of the largest experiences in North America 
with this approach is that of Ellis and coworkers.8 
The authors reported their experiences with 
nearly 500 patients who received a transthoracic 
esophagectomy employing standard surgical 
techniques. One third had squamous cell carci-
noma, while the majority had adenocarcinoma 
of the esophagus or gastroesophageal junction. 
Hospital mortality was 3.3%. Complications 
occurred in 34% of patients. Overall 5-year sur-
vival including operative mortality and non–
cancer-related deaths was 24.7%. Patients who 
had a complete (R0) resection had a 5-year sur-
vival of 29%, while no patients with either resid-
ual microscopic (R1) or macroscopic disease (R2) 
survived 5 years. Median and 5-year survival 
for patients with adenocarcinoma was 18 months 
and 25%, respectively. The corresponding fi gures 
for squamous cell cancers were 18 months and 
20%, respectively, and were not statistically dif-
ferent from those for adenocarcinoma. Five-year 
survival was 79% for patients with stage I disease, 
38% for those with stage IIA, and 27% for those 
with stage IIB. Patients with stage III disease 
had a 3- and 5-year survival of 20% and 13.7%, 
respectively.

This series by Ellis is generally representative 
of the results achievable using this surgical tech-
nique in many esophageal centers across the 
United States. For example, a recent study from 
the Mayo Clinic reported on the results after 
transthoracic esophagectomy in 220 patients, of 
whom 188 had adenocarcinoma.9 Notwithstand-
ing an impressively low hospital mortality and 
morbidity (1.4% and 37%, respectively), the sur-
vival rates remained essentially similar to those 
reported by Ellis nearly a decade previously. 
Overall 5-year survival was 25% and survival at 
5 years for stages I, IIa, IIb, and III was 94%, 36%, 
14%, and 10%, respectively. A review of some of 
the surgical series reported within the past decade 
from North America and Europe is shown in 
Table 27.2. Resectability rates ranged from 60% 
to 90% and hospital mortality ranged from 
3.2% to 23%. Five-year survival rates varied 
between 8% and 24%. The variability in rates of 
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resectability, hospital mortality, and 5-year sur-
vival likely represents inherent differences in 
patient selection, surgical expertise, and the 
retrospective nature of nearly all of these 
studies.

More instructive to review are the survival 
results achieved by the surgical arms of random-
ized trials comparing various preoperative regi-
mens to surgical resection alone. The most recent 
of these trials was the North American Inter-
group trial that compared chemotherapy fol-
lowed by surgery with surgery alone.17 There were 
467 eligible patients of which 227 underwent 
primary surgical resection. The majority of resec-
tions were through a transthoracic approach. 
One hundred six patients had squamous cell 
cancer (47%) and 121 had adenocarcinoma (53%). 
Hospital mortality was 6%. Major complications 
occurred in 26% of patients. Overall survival at 
1-, 2-, and 3-years was 60%, 37%, and 26%, 
respectively. Actuarial 5-year survival was 20%. 
There was no difference in outcome between 
patients with adenocarcinoma and those with 
epidermal cancer. In the trial by Walsh et al, 113 
patients, all of whom had adenocarcinoma, were 
randomized to receive either surgery alone or 
chemoradiation followed by transthoracic esoph-
agectomy.18 Hospital mortality in the control arm 
was 2% and 3-year survival was 6%. In 2002, the 
Medical Research Council Esophageal Cancer 
Working Group reported the results of a large 
multicenter controlled, randomized trial of pre-
operative chemotherapy followed by esophagec-

tomy versus esophagectomy alone.24 Although 
the details of the operative procedures were not 
described, the assumption may be made that the 
majority of cases had been done using a transtho-
racic approach, a common surgical strategy in 
most European centers. Survival in the surgery 
alone arm was 34% at 2 years and 15% at 5 years, 
with no difference in survival between adenocar-
cinoma and squamous cell cancer.

Local recurrences following standard trans-
thoracic resections have been reported in 30% 
to 60% of patients. Most of the data regarding 
local recurrences are obtained from the surgical 
control arms of the various randomized trials. In 
the previously mentioned Intergroup trial com-
paring esophagectomy alone with chemotherapy 
followed by esophagectomy, the local recurrence 
rate in the control arm was 31% among 135 
patients who received a complete (R0) resection. 
An additional 68 patients had an R1 or R2 resec-
tion. The overall local failure rate (persistent or 
recurrent disease) in all 227 patients in the control 
arm was 61%.17

27.3. Comparison of Transhiatal and 
Transthoracic Esophagectomy

Several retrospective studies have shown little 
difference in the peri-operative and survival out-
comes between transhiatal and transthoracic 
esophagectomy. Rindani reviewed the results 
from 44 series published between 1986 and 1996.25 

TABLE 27.2. Transthoracic esophagectomy for esophageal cancer.

    Hospital 5-year 
Author Year Patients Cell type mortality % survival % Median survival

Hofstetter15 2002 994 A/S 7% 34% (3 years) 20 months
Visbal9 2001 220 A/S 1.4% 25.2% 1.9 years
Karl11 2000 143 A/S 2.1% 29.6 (3 years) 1.6 years
      18 months (A)
Ellis8 1999 455 A/S 3.3% 24.7% 18 months (S)
Kelsen17 1998 227 A/S 6% 26% (3 years) 16.1 months
Adam16 1996 597 A/S 6.9% 16.3% ns
Sharpe14 1996 562 A/S 9% 18% ns
Walsh18 1996 113 A 2%  6% (3 years) 11 months
Lieberman12 1995 258 A/S 5% 27% 27 months
Putnam10 1994 134 A/S 8.2% 19% 22 months
Wright13 1994  91 A 2%  8% ns

Abbreviations: A, adenocarcinoma; A/S, adenocarcinoma/squamous cell carcinoma; ns, not significant; S, squamous cell carcinoma.
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Thirty-three articles reported results on 2675 
patients who underwent transhiatal resection 
while 29 articles reported results of transthoracic 
resections done in 2808 patients. Thirty-day 
mortality was 6.3% after transhiatal and 9.5% 
after transthoracic esophagectomy. Overall 5-
year survival was 24% after transhiatal esopha-
gectomy and 26% following transthoracic 
resection. More recently, Hulscher and colleagues 
reported a meta-analysis of the results of all com-
parative studies of transhiatal and transthoracic 
esophagectomy.26 Their analysis included data 
abstracted from 50 articles published in the 
English literature between 1990 and 1999, with a 
total of 7500 patients. There was no statistically 
signifi cant difference in overall 3-year and 5-year 
survival between the two procedures. There 
are two small, randomized trials that compared 
transhiatal and transthoracic resections with 
survival as an end point. The study by Chu and 
colleagues5 comprised 39 patients, while the one 
by Goldminc had a total of 67 patients.7 Neither 
study described the statistical details by which 
these small sample sizes were calculated. In the 
study by Goldminc and coworkers,7 67 patients 
were randomly assigned to receive either a tran-
shiatal or transthoracic (non–en bloc) esopha-
gectomy. Although the median operating time 
for transthoracic esophagectomy (TTE) was sig-
nifi cantly longer than that for transhiatal resec-
tion (THE; 4 h vs. 6 h) there was no difference in 
other intra- and postoperative outcome measures 
including the need for blood transfusions, inten-
sive care unit stay, and postoperative complica-
tions. Pulmonary complications occurred with 
similar frequency in both groups (THE, 19%; 
TTE, 20%), as did anastomotic leaks (THE, 6%; 
TTE, 9%) and recurrent nerve injuries (3% each). 
The 2-year overall survival was identical in both 
groups (40%). No information was given regard-
ing disease-free survival or adequacy of local 
control. The study by Chu and colleagues5 ran-
domized an even smaller group of patients to 
either a THE (n = 20) or a TTE (n = 19). There was 
no difference in intraoperative or postoperative 
complications including transfusion require-
ments, cardiopulmonary complications, or anas-
tomotic leaks between the two groups. There was 
no difference between both arms of the study in 
either local recurrence rates (25% for THE and 

21% for TTE) or median survival times (THE, 16 
months; TTE, 13.5 months).

In summary, it is clear that there are no impor-
tant differences in survival between transhiatal 
and transthoracic esophagectomy. Given the sim-
ilarity in the extent of nodal dissection between 
the two procedures these results may have been 
predictable.

27.4. En Bloc Esophagectomy

Logan introduced the en bloc concept in 1963 and 
it was re-introduced by Skinner in 1979.19,27 The 
basic premise of the en-bloc operation is to maxi-
mize local tumor control by resection of the tumor-
bearing esophagus within a wide envelope of 
adjoining tissues that includes both pleural sur-
faces laterally and the pericardium anteriorly 
where these structures are intimately related to the 
esophagus. Posteriorly, the lymphatics wedged 
dorsally between the esophagus and the aorta, 
including the thoracic duct throughout its medi-
astinal course, are resected en bloc with the speci-
men. This posterior mediastinectomy necessarily 
results in a complete mediastinal node dissection 
from the tracheal bifurcation to the esophageal 
hiatus. Additionally, an upper abdominal lymph-
adenectomy is performed including the common 
hepatic, celiac, left gastric, lesser curvature, para-
hiatal, and the retroperitoneal nodes. Local recur-
rence rates reported by proponents of this approach 
have been in the 2% to 10% range.28,29 This is a 
strikingly low local failure rate when compared to 
local recurrences reported following either tran-
shiatal esophagectomy or standard transthoracic 
resections, or those reported following chemora-
diation delivered with curative intent.30

Critics have argued that the procedure is asso-
ciated with a high operative mortality and mor-
bidity, without an apparent survival advantage. 
In fact, in the earliest report by Skinner, the oper-
ative mortality for 80 patients with cancer of the 
cardia treated by an en bloc resection was 11% 
and the 5-year survival only 18%.19 However, the 
past decade has witnessed a signifi cant reduction 
in hospital mortality to the 5% range.30–32 Several 
investigators have also reported survival rates 
exceeding those achievable by conventional tech-
niques of esophageal resection. Lerut reported 
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his experience with 195 patients who had an 
R0 (curative) resection for adenocarcinoma of 
the distal esophagus and gastroesophageal junc-
tion.31 All patients had transmural disease (T3) 
and none received preoperative therapy. Five-
year survival was 57% for node-negative patients 
and 26% for patients with nodal metastases. 
A prospective or cohort study by Altorki and 
Skinner reported on 111 patients who had an en 
bloc resection, the majority of which had adeno-
carcinoma and stage III disease.32 Hospital mor-
tality was 3.6%. Overall 5-year survival was 40%. 
Stage-specifi c survival was 78%, 72%, and 39%, 
respectively, for stages I, IIa, and III disease. 
Hagen reported similar results in a smaller group 
of patients with adenocarcinoma of the distal 
esophagus and gastroesophageal junction.33 En 
bloc resection was performed in 30 patients and 
transhiatal resection was done in 16 patients. 
Overall survival was signifi cantly better after en 
bloc resection (41% vs. 14%, p = 0.001). A survival 
advantage was observed in patients with early 
lesions (T1 and T2) where 5-year survival was 
75% versus 21%, in favor of en bloc resection. 
Similarly patients with transmural tumors (T3) 
associated with 5 or less positive nodes had a 
signifi cantly better survival after en bloc resec-
tion (27% vs. 9%).

An important criticism of most of these studies 
is the failure to clearly defi ne the criteria for 
patient selection for one procedure versus 
another. For example, in the study by Hagen and 
colleagues, the patients receiving a transhiatal 
resection were either signifi cantly older than the 
en bloc group or had a worse performance status 
with respect to cardiopulmonary function.33 
Additionally, a selection bias towards inclusion 
of patients with early-stage disease in the en bloc 
groups may have favorably biased survival 
outcome. The only randomized trial reported to 
date comparing transthoracic en bloc resection 
with transhiatal esophagectomy was reported by 
Hulscher and coworkers in 2002.34 The authors 
randomly assigned 220 patients with adenocarci-
noma of the mid to distal esophagus, or adeno-
carcinoma of the cardia, to either a transhiatal 
resection or a transthoracic esophagectomy with 
extended en bloc lymphadenectomy. The mean 
number of resected lymph nodes was 31 nodes 
after en bloc resection and 16 after transhiatal 

resection. There was no difference between the 
two arms in hospital mortality but morbidity was 
signifi cantly higher after the extended en bloc 
procedure. The study was powered to detect a 
50% relative improvement in survival in favor of 
the en bloc procedure. Although there was an 
important trend favoring the transthoracic (en 
bloc) group in both overall (39% vs. 29%) and 
disease-free survival (39% vs. 27%) at 5 years, the 
resultant 25% relative improvement in survival 
did not achieve statistical signifi cance. A subse-
quent report by the same group suggested that 
with continued follow-up the difference in overall 
and disease-free survival achieved statistical sig-
nifi cance for adenocarcinoma of the esophagus, 
but not that of the cardia.35 Interestingly in this 
randomized trial there was no difference in either 
the rate of loco-regional recurrence or the time 
to recurrence between the two arms of the 
study.

27.5. Three-Field Lymphadenectomy

The concept of three-fi eld lymph node dissection 
for esophageal cancer was developed by Japanese 
surgeons in the 1980s in response to the observa-
tion that as many as 40% of patients with resected 
squamous cell esophageal cancer developed iso-
lated cervical lymph node metastases.36 A nation-
wide retrospective study was subsequently 
reported describing the fi ndings and potential 
benefi ts of esophagectomy with three-fi eld dis-
section.37 The additional third fi eld of dissection 
included excision of the nodes along both recur-
rent nerves as they course through the mediasti-
num and neck, as well as a modifi ed cervical 
node dissection. Previously, unsuspected cervi-
cal nodal metastases, primarily in the recurrent 
nodes, were seen in approximately one third of 
patients. Furthermore, the authors reported a 
signifi cantly higher overall 5-year survival after 
three-fi eld dissection in comparison to two-fi eld 
dissection. The largest Japanese study from a 
single institution was reported by Akiyama in 
1994.38 The authors reported their experience 
with 717 patients in whom a complete (R0) resec-
tion was performed using either a two-fi eld (n = 
393) or a three-fi eld technique (n = 324). Five-year 
survival in node-negative patients was 84% after 



27. Lymph Node Dissection for Carcinoma of the Esophagus 231

the three-fi eld procedure compared to 55% after 
two-fi eld lymphadenectomy (p = 0.004). Patients 
with node-positive disease also fared better after 
three-fi eld dissection with a 5-year survival rate 
of 43% compared to a 28% 5-year survival rate 
after two-fi eld dissection (p = 0.0008). Two pro-
spective studies have been reported.39,40 The study 
by Nishihira was a prospective, randomized trial 
that showed a survival advantage for three-fi eld 
over two-fi eld lymph node dissection (65% vs. 
48%); however the difference was not statistically 
signifi cant.39 The study from the National Cancer 
Hospital in Tokyo was a prospective, nonran-
domized, case-matched study that showed that 
5-year survival was signifi cantly better after 
three-fi eld dissection (48% vs. 33%; p = 0.03).40 
Five-year survival in the group of patients with 
cervical nodal disease was an impressive 30%. 
The relevance of these fi ndings to a Western pop-
ulation affl icted primarily by esophageal adeno-
carcinoma remains unknown.

The only experience in North America with 
this technique was reported by Altorki and col-
leagues in 2002.41 A prospective database was 
established in 1994 to examine survival and 
recurrence after esophagectomy with three-fi eld 
dissection. The procedure was performed in 80 
patients, 60% of which had adenocarcinoma of 
the esophagus. Hospital mortality was 5% and 
morbidity 47%. Recurrent nerve injury occurred 
in 6% of patients. An average of 60 nodes were 
resected per patient. The prevalence of cervical 
nodal metastases was 37% in patients regardless 
of cell type or location of the tumor within the 
esophagus. Overall and disease-free survival was 
50% and 46%, respectively, and was not infl u-
enced by cell types. Patients with adenocarci-
noma who had metastases to the recurrent 
laryngeal lymph nodes had a 3- and 5-year sur-
vival of 30% and 15%, respectively. In contrast 
patients with squamous cell carcinoma and posi-
tive recurrent laryngeal nodes had a 5-year sur-
vival of 40%. Lerut reported the only European 
experience with esophagectomy and three-fi eld 
lymph node dissection.42 One hundred and 
seventy-four patients had an R0 three-fi eld 
esophagectomy with a hospital mortality of 1.4% 
and morbidity of 57%. Fifty-fi ve percent of 
patients had adenocarcinoma of the esophagus or 
cardia. Overall and disease-free survival at 5 

years was 42% and 46%, respectively. There was 
no difference in survival between patients with 
adenocarcinoma compared to those with squa-
mous carcinoma (35% vs. 44%, p = 0.5). The inci-
dence of positive cervical nodes in patients with 
adenocarcinoma was 23% and was slightly higher 
for those with esophageal versus cardial tumors 
(26% vs. 18%). Four- and fi ve-year survival for 
patients with adenocarcinoma and positive cervi-
cal nodes were 35% and 11%, respectively.

27.6. Perspective

The above discussion of the results of the various 
surgical approaches suggests that there is no sub-
stantive difference in mortality, morbidity, recur-
rence, or survival between limited lymph node 
dissection performed through a transhiatal or a 
conventional transthoracic approach. The data 
supporting this conclusion are derived from the 
two small, randomized trials by Chu and Gold-
minc5,7 that compared transhiatal and transtho-
racic resections with survival as an endpoint 
(level of evidence 1). Despite the small sample 
sizes in both studies, the consistency of their 
results with those reported by a large number of 
retrospective studies (level of evidence 3) sug-
gests that there is most likely no important dif-
ferences between these two surgical approaches 
in the extent and results of lymph node dissec-
tion and that survival is likely to be in the 25% to 
30% range. It is also apparent that with the excep-
tion of two cohort studies by Altorki and col-
leagues32,41 (level of evidence 2) and the single 
randomized trial by Hulscher and coworkers34 
(level of evidence 1), the evidence supporting an 
extended lymph node dissection is derived from 
case series (level of evidence 3) with a variable 
number of patients and undefi ned selection cri-
teria. However, the survival of results in the two 
cohort studies reported by Altorki and colleagues 
(5-year survival of 40%) are consistent with 
similar results reported by other Japanese and 
European centers practicing a similar surgical 
strategy. Interestingly, these survival fi gures are 
also identical to the 39% survival reported by 
Hulscher and colleagues34 in the en bloc arm of 
their randomized trial.34 This constitutes a 25% 
to 30% relative improvement in survival for the 
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en bloc procedure in patients with adenocarci-
noma of the middle and distal esophageal 
thirds.35

Based on these data, patients with esophageal 
carcinoma (stages I–III), with good performance 
status (ECOG performance status 0–1) and no 
prohibitive comorbidities, should undergo an 
esophagectomy with at least a two-fi eld en bloc 
dissection (recommendation grade B). The evi-
dence suggests that the procedure provides the 
most complete staging information (level of evi-
dence 1) and improves survival (level of evidence 
2), but does so at the expense of an increase in 
perioperative morbidity (level of evidence 1). The 
role of a three-fi eld dissection remains to be more 
clearly defi ned.
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Intrathoracic Versus Cervical Anastomosis in 
Esophageal Replacement
Christian A. Gutschow and Jean-Marie Collard

Indeed, Liebermann-Meffert2 showed that the 
uppermost 20% of the gastric transplant is vas-
cularized only through microvascular venous 
and arterial networks within both the mucosa 
and submucosa of the gastric wall, so that the 
author recommends resection of the fundus prior 
to constructing the cervical anastomosis. This is 
supported by the observation of Pierie3,4 that tai-
loring of the stomach into an esophageal substi-
tute reduces parietal blood fl ow to the fundus as 
assessed by laser–Doppler velocimetry by 48% on 
average. Likewise, Nabeya6 showed that fundic 
blood fl ow at the time of completion of the gastric 
transplant, in reference to predissection values, 
drops by 29% on average when the stomach is 
maintained in its entirety, and by 33% when it is 
shaped into a greater curvature tube. Moreover, 
Pierie3,4 showed that the risk for the development 
of an anastomotic stricture is far higher in 
patients having a blood perfusion lower than 70% 
of preconstruction values. This observation is in 
line with the one of Kudo7 that fundic blood fl ow 
is lower in patients who develop a cervical fi stula 
compared to those who do not develop a cervical 
fi stula. This is confi rmed by Mori,8 who reported 
that the risk for the development of a cervical 
fi stula correlated well with the distance between 
the anastomotic site in the fundus and the upper-
most pulsatile branch of the vascular arcade 
along the greater curvature.

The most common explanation for the higher 
mortality attributed to intrathoracic leakage is 
the development of mediastinitis.1,9 In contrast, 
leaks from a cervical esophagogastrostomy usually 
consist of external salivary weeping only.9

Subtotal esophagectomy may consist of either 
resection of the lower 90% of the thoracic segment 
of the esophagus with subsequent esophagogas-
trostomy at the apex of the chest, or resection of 
the whole thoracic segment plus the lower segment 
of the cervical part of the esophagus with subse-
quent cervical esophagogastrostomy.

This chapter aims at establishing scientifi c evi-
dence in pros and cons of cervical and high intra-
thoracic esophagogastrostomy, addressing three 
different aspects: the initial perioperative course, 
long-term postoperative function, and oncologic 
outcome.

28.1. Current Beliefs

28.1.1. Belief Number 1

Individual surgical experience and data from 
noncomparative studies1 suggest that both anas-
tomotic fi stula and stricture are more common 
after construction of the anastomosis in the neck, 
whereas postoperative mortality is higher after 
leakage of an intrathoracic esophagogastrostomy.

Arguments supporting this belief are:

• The need for preservation of the poorly vascu-
larized upper part of the fundus to reach the 
cervical esophageal stump.2

• The relative shortness of the gastric transplant 
is liable to put the cervical suture line under 
undue tension with subsequent collapse of 
intramural microvessels.3,4

• External compression of the gastric conduit at 
the thoracic inlet may compromise blood fl ow 
to the cervical anastomosis.5
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28.1.2. Belief Number 2

It is generally believed that the ability of gastric 
contents to refl ux into the esophagus is linked to 
the level (intrathoracic vs. cervical) of the esoph-
agogastrostomy. Those surgeons who think that 
esophageal exposure to gastric contents is higher 
after intrathoracic anastomosis refer to the 
concept that the pressure gradient between the 
chest and the neck opposes refl ux into the cervi-
cal esophageal remnant.10 Conversely, those who 
believe that exposure of the esophagus to gastric 
contents is greater after neck esophagogastros-
tomy point to motility studies showing that the 
longer the residual esophageal segment, the better 
the propulsive activity, esophageal clearance, 
and resistance to gastroesophageal refl ux.11

28.1.3. Belief Number 3

It is commonly accepted that the difference in 
length of the esophageal remnant after intratho-
racic esophagogastrostomy and that after cervi-
cal anastomosis is so great that it substantially 
infl uences functional outcome. In contrast, other 
surgeons believe that it does not make any sub-
stantial difference because of the spontaneous 
tendency of cervical esophagogastrostomy to 
move downwards during the postoperative 
course.12

28.1.4. Belief Number 4

Upper resection margin above the tumor on the 
resected specimen is much longer after neck 
transsection of the esophagus than after its divi-
sion at the apex of the chest. As a consequence, it 
is believed that neoplastic recurrence at the level 
of the anastomosis is substantially lower after 
cervical esophagogastrostomy.13

28.2. Evidence-Based Knowledge

28.2.1. Perioperative Course

This section addresses both intra- and post-
operative outcomes of patients after subtotal 
esophagectomy and cervical or intrathoracic 
anastomosis. The parameters analyzed were 
operating time, blood loss, number of transfused 

blood units, anastomotic time, anastomotic 
leakage rate, rates of pulmonary and cardiac 
complications, overall complication rate, inci-
dences of vocal cord palsy, chylothorax, and 
reoperations, duration of hospital stay, mortality, 
and mortality due to leakage. A detailed analysis 
can be found in Table 28.1.

Fourteen comparative studies, out of which 
three prospective, randomized, controlled trials 
(level of evidence 2b), three prospective, nonran-
domized trials (level of evidence 3b), and eight 
other studies (level of evidence 3b) were ana-
lyzed. In studies showing a statistically signifi -
cant difference between the thoracic and the 
cervical approach, this signifi cance was unequiv-
ocal in favor of intrathoracic anastomosis 
for anastomotic time,14 rate of anastomotic 
leakage,12,15,16 and frequency of pulmonary com-
plications.17 In contrast, unambiguous signifi -
cance in favor of cervical esophagogastrostomy 
was found for the parameter “mortality due to 
anastomotic leakage.”15 Other comparative studies 
did not show any signifi cant difference between 
both types of anastomosis for all the parameters 
listed in Table 28.1 (fi rst column), especially for 
operative time, blood loss, need for transfusion, 
cardiac complications, vocal cord palsy, inci-
dence of chylothorax, need for operative reinter-
vention, duration of hospital stay, postoperative 
mortality, and overall morbidity.

Our main conclusions are that an intrathoracic 
anastomosis is quicker to perform with lower 
risk for the development of anastomotic leakage 
and pulmonary complications (recommendation 
grade B). On the other hand, mortality due to a 
cervical anastomotic insuffi ciency appears to be 
less lethal (recommendation grade C). Analysis 
of the other intra- and postoperative parameters 
does not allow for further valid conclusions.

An intrathoracic anastomosis is quicker to 
perform with lower risk for the development 
of anastomotic leakage and pulmonary com-
plications (level of evidence 2b to 3b; recom-
mendation grade B).

Mortality due to a cervical anastomotic 
insuffi ciency is less lethal (level of evidence 
3b; recommendation grade C).
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28.2.2. Functional Aspects

This section aims at covering the functional 
outcome of patients after subtotal esophagectomy 
and cervical or intrathoracic anastomosis. 
Parameters analyzed were rates of esophagitis, 
stricture, and dilations; incidence of heartburn, 
regurgitation, and dysphagia; results of eso-
phageal pH-metry and scintigraphic tests; 
anastomotic diameter; weight loss; and quality 
of life. A detailed analysis can be found in 
Table 28.2.

Fifteen comparative studies, out of which 2 
randomized, controlled trials (level of evidence 
2b), 1 prospective, nonrandomized trial (level of 
evidence 3b), and 12 other studies (level of evi-
dence 3b) were analyzed. In all studies showing 
statistically signifi cant differences between the 
thoracic and the cervical approach, patients with 
cervical esophagogastrostomy had lower inci-
dences of esophagitis,18,19 heartburn,15,19,20 regur-
gitation,19,20 and dysphagia.15 Likewise, all 
signifi cant results were in favor of cervical esoph-
agogastrostomy for results of esophageal pH-
metry21 and quality of life.20 Discrepant, though 
signifi cant results were found for the incidence of 
stricture formation in favor of cervical anasto-
mosis in one study19 and in favor of intrathoracic 
anastomosis in another study.22 Other compara-
tive studies did not show any signifi cant differ-
ence between the types of anastomosis for all the 
parameters listed in Table 28.2, especially for 
need for dilations, esophageal diameter, weight 
loss, and parameters assessed via scintigraphic 
methods (esophageal swallowing function, 
gastric emptying, gastroesophageal refl ux).

Our main conclusions from this section are 
that cervical anastomosis provides functional 
advantages concerning the incidence of heart-
burn and regurgitation combined with a lower 
rate of esophagitis (recommendation grade C). 
Analysis of the other functional parameters does 
not allow for further valid recommendations.

28.2.3. Oncologic Outcome

This section aims at covering the oncologic 
outcome of patients after subtotal esophagec-
tomy and cervical or intrathoracic anastomosis. 
Parameters analyzed were mean, median, and 5-
year-survival; survival with positive abdominal 
lymph nodes; rates of local recurrence; length of 
the esophageal remnant and the upper resection 
margin; and rate of complete resection. A detailed 
analysis can be found in Table 28.3.

The issue of whether three-fi eld lymph node 
dissection would provide patients with better 
long-term survival compared to two-fi eld dissec-
tion is beyond the scope of the chapter.

Ten comparative studies, out of which three 
prospective, randomized, controlled trials (level 
of evidence 2b), two prospective, nonrandomized 
trials (level of evidence 3b), and fi ve other studies 
(level of evidence 3b) were analyzed. The esopha-
geal remnant was shorter and the healthy upper 
resection margin of the surgical specimen was 
found to be signifi cantly longer after subtotal 
esophagectomy, including resection of the 
lower segment of the cervical esophagus.12,14,17,23 
Unequivocal signifi cant differences were found in 
favor of the intrathoracic anastomosis for sur-
vival of patients with positive abdominal lymph 
nodes,12 and in favor of cervical esophagogastros-
tomy for the incidence of local tumor recurrence.23 
However, no signifi cant difference between both 
types of anastomosis was found for all the param-
eters listed in Table 28.3, especially for mean and 
median survival, 5-year survival, and prevalence 
of completely resected tumors (R0 resection).

Our conclusion is that a cervical anastomosis 
allows for a longer esophageal margin from the 
proximal extent of tumor (recommendation grade 
B). However, this did not translate into a lower 
local recurrence rate in most studies. Therefore, 
in daily clinical practice, this information appears 
of little value to the operating surgeon. Analysis 
of the other oncologic parameters does not allow 
for further valid recommendations.

A cervical anastomosis provides functional 
advantages concerning the incidence of heart-
burn and regurgitation, combined with a 
lower rate of esophagitis (evidence level 3b; 
recommendation grade C).

A cervical anastomosis allows for a longer 
esophageal margin from the proximal extent 
of tumor. However, this does not translate into 
a lower local recurrence rate (level of evidence 
2b to 3b; recommendation grade B).
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28.3. Summary

The aim of this chapter was to analyze the avail-
able evidence as to whether cervical or intratho-
racic anastomosis after subtotal esophageal 
resection provide patients with a better outcome 
in terms of perioperative, functional, and onco-
logic parameters.

For this purpose, a Medline literature search 
was performed for comparative studies in this 
fi eld. Twenty-one references were found, out of 
which 3 prospective, randomized studies,12,14,17 3 
prospective, nonrandomized studies,25–27 and 16 
trials using another study design.15,16,18–24,28–34

For certain parameters, unequivocal evidence 
could be found among those studies showing sig-
nifi cant results. Accordingly, several existing 
beliefs were substantiated: cervical esophagogas-
trostomy is quicker to perform, carries a higher 
risk for anastomotic fi stula, and has a lower mor-
tality due to anastomotic leakage than intra-
thoracic esophagogastrostomy. Furthermore, 
unequivocal signifi cant evidence was found for 
several functional parameters: cervical anasto-
mosis carries a lower incidence of esophagitis, 
heartburn, positive esophageal pH-metry, and 
dysphagia. Likewise, general quality-of-life status 
was found to be better after cervical esophago-
gastrostomy. Evidence available shows that upper 
esophageal resection margin is signifi cantly 

longer and the remaining cervical esophageal 
stump is shorter after cervical esophagogastros-
tomy. However, this translated in a signifi cantly 
lower local recurrence rate in only one retrospec-
tive study,23 whereas this rate was not different in 
several other trials.14,25,27,32 Moreover, there was 
no trial that showed a higher R0 resection rate 
after cervical anastomosis.

In conclusion, although our results indicate 
that some of the widely held beliefs cited above 
might be true, currently available data provided 
by the evidence-based literature are not suffi cient 
to give clear advice to the surgeon which princi-
ple to follow. In addition to discrepant data, most 
studies fail to show any statistically signifi cant 
difference for most perioperative, functional, 
and oncologic parameters.
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suboptimal nutritional supplements into the 
intestinal tract helps to maintain mucosal integ-
rity,9 prevents loss of the mucosal barrier associ-
ated with catabolic stress, attenuates infl ammatory 
responses postoperatively by reducing bacterial 
exotoxin translocation from the gut,10 and reduces 
the incidence of acalculous cholecystitis by main-
taining gut motility.11 There are instances, 
however, in which oral intake may be precluded, 
including depressed mentation, incompetence of 
swallowing with aspiration, upper gastrointesti-
nal (GI) tract obstruction, and gastric paresis. 
These circumstances require higher levels of 
nutritional support, usually via an enteral route.

Enteral nutrition can be delivered by a variety 
of tubes, generally classifi ed as either nasoenteric 
or tube enterostomy. Nasoenteric tubes are indi-
cated for short-term feeding in patients who are 
unable to maintain adequate oral intake, but who 
retain normal gut motility. The nasogastric 
approach is associated with a greater risk of aspi-
ration than nasointestinal feeding. Nasoduode-
nal and nasojejunal tubes are preferred for 
patients with a high risk of aspiration, delayed 
gastric emptying, or gastroparesis. These tubes 
may require endoscopy, image guidance, laparos-
copy, or laparotomy for placement.

Total parenteral nutrition (TPN) utilizes intra-
venous central catheters to deliver nutrients to 
the patient, bypassing the GI tract.12 Absolute 
indications for TPN include severe short bowel 
syndrome, radiation enteritis, high-output gas-
trointestinal fi stulas, persistent postoperative 
ileus, intestinal pseudoobstruction unresponsive 
to enteral feeding (i.e., scleroderma), and nonop-

Esophageal resection is indicated most often for 
treatment of localized esophageal cancer and 
Barrett’s esophagus with high grade dysplasia.1,2 
Despite the improved techniques utilized for 
resection, Karl and colleagues3 report esophagec-
tomy continues to be associated with a 30-day 
mortality of 2.1% and a 3-year survival of 29.6%. 
Overall, 29% of patients experience complica-
tions such as anastomotic leaks (3.5%) and pul-
monary complications (19%). Approximately 
58% of patients with esophageal cancer present 
with signifi cant weight loss.4 These patients often 
have nutritional defi ciencies due to the obstruc-
tive nature of the tumor and the catabolic effects 
of the malignancy.5 Poor preoperative nutritional 
status may increase the risk of postoperative 
complications and therefore nutritional support 
is a treatment modality that may directly impact 
outcomes.

Historically, gastrointestinal surgery in which 
an anastomosis was performed involved a period 
of postoperative starvation with feeding initiated 
after evidence of gastric motility. This practice 
was presumed to decrease postoperative nausea 
and vomiting and to allow up to a week after 
surgery for the anastomosis to suffi ciently heal.6–8 
Perioperative nutrition in surgical patients over 
the past few decades has evolved into three basic 
approaches (or combinations thereof): (1) short-
term starvation; (2) intravenous (parenteral)-
based nutrition; or (3) gastrointestinal (enteral) 
based feedings.

The natural gastrointestinal (enteral) route is 
currently the preferred method for supplying 
nutritional supplementation. Infusion of even 
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erative mechanical intestinal obstruction.13 Risks 
of infectious complications, sepsis, and mortality 
were found to be higher in patients supplemented 
on TPN versus enteral feeding.14 The parenteral 
route is considered acceptable when enteral 
access cannot be safely obtained or when enteric 
feeding cannot be tolerated.

A jejunostomy is indicated when enteral access 
to the upper GI tract is unobtainable or contra-
indicated due to impaired gastric motility or 
aspiration risk. There are unique complications 
associated with an open or laparoscopic jejunos-
tomy because an abdominal stoma is required 
that may leak or create a fulcrum for a potential 
volvulus.15 Despite the risks associated with this 
additional procedure intraoperatively or postop-
eratively, open jejunostomy tubes are frequently 
placed in patients who have undergone esopha-
gectomy for esophageal cancer to provide early 
nutritional support and potentially long-term 
enteral access if recurrent obstruction or anasto-
motic complications occur.

Given this background, our chapter will inves-
tigate the controversy surrounding the use of a 
feeding jejunostomy in a postesophagectomy 
patient utilizing an evidence-based evaluation of 
the literature. Table 29.1 summarizes our fi nd-
ings and we will discuss each section in detail.

29.1. Postoperative Starvation

Temporary postoperative starvation plus intrave-
nous fl uids and glucose (3–5 days) is a simple 
form of nutritional support (NS) in the postop-
erative period. Heslin and colleagues16 performed 
a randomized, controlled trial (RCT), rated 1b, 
comparing intravenous crystalloid versus imme-
diate enteral feeds via either jejunostomy or 
feeding tube on 195 patients who underwent lap-
arotomy for upper gastrointestinal malignancies 
(esophageal, gastric, peripancreatic, and bile 
duct) at Memorial Sloan-Kettering Cancer Center. 
There was no signifi cant difference between 

TABLE 29.1. Options of methods of nutritional support for esophagectomy patients.

Method   Placement        Risks    Benefit Level of evidence      Recommendation

Short-term None Progressive starvation;  Low initial risk; Heslin16 1b Grade A
  starvation    missed opportunity   delayed Page5 1b Outcomes equal to nutritional
       enteral feeds Carr18 1b   supplementation in most 
    Lewis17 1a   patients
Total parenteral Central venous Increased hospital stay; Immediate Salvino23 1a Grade A
  nutrition   access   hyperglycemia;   supplemental Bozzetti19 1b TPN is beneficial for the 
    access complications;   nutrition Veterans   perioperative nutrition of 
    sepsis; expense  Cooperative   severely malnourished 
    Study20 1b   patients and better 
    Bozetti21 1b   tolerated by this population.
    Braunschweig22 1a   
Enteral
Nasojejunal Intraoperative or  Aspiration; blockage Immediate Sand25 1b Grade A
  tubes   image-guided    enteral feeds Gabor26 2b NJ tubes are relatively safe 
   placement   Carr18 2b   and inexpensive forms of 
       nutrition for the 
       postesophagectomy patient.
     Enteral feeding improves 
       gut function and decreases
       complications
Feeding Intraoperative Small bowel torsion/ Immediate Baigrie6 1b Grade A
  jejunostomy   bowel    obstruction/adhesions   long-term Watters27 1b Jejunostomy is an effective 
   procedure    enteral Finley28 2b   form of feeding for
     access McCarter32 2b   postesophagectomy
    Brock33 4   patients with infrequent
       but serious complications 
       relative to TPN or short-term
       starvation.
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minor or major complications, infection rates, 
or length of hospital stay between control and 
experimental groups. However, there was one 
bowel necrosis associated with enteral feeding by 
jejunostomy requiring reoperation.

Page and colleagues5 likewise performed a 
RCT, rated 1b, with 40 patients undergoing trans-
thoracic esophagectomy by one surgeon over 1 
year randomized to an enterally fed group (double 
lumen nasojejunal tube was placed intra-opera-
tively) or an intravenous crystalloid group. No 
signifi cant difference existed between groups, but 
7 out of 20 were removed from the study prema-
turely because of nasojejunal tube dislodgement.

Lewis and coworkers17 investigated whether or 
not postoperative starvation is benefi cial after 
gastrointestinal surgery with a review and meta-
analysis of RCTs involving 837 patients in 11 
studies. No major benefi t was identifi ed to enteral 
feeds over nil by mouth.

Carr and coworkers18 assessed 30 patients 
undergoing elective laparotomies in a RCT, rated 
1b, comparing postoperative enteral feeding via 
a nasojejunal tube versus postoperative fl uids by 
one surgeon. Signifi cantly fewer postoperative 
complications were seen in the enterally fed 
group (p < 0.005); however, the study failed to 
defi ne these complications.

29.1.1. Comments

In these prospective, randomized, but unblinded 
outcomes studies there is no proven benefi t of 
enteral feeding or TPN over short-term postop-
erative starvation, following gastrointestinal 
surgery (level of evidence 1a to 1b; recommenda-
tion grade A). The randomized, controlled trials 
that were reviewed were limited by their use of 
small populations. Most of the trials listed, except 
Page and associated,5 included GI resections of 
all types. Therefore, future trials are needed to 
focus on identifi ed malnourished patients under-
going esophagectomy.

29.2. Total Parenteral Nutrition

Certain populations cannot tolerate enteral 
feeding or are so malnourished that preoperative 
nutrition may improve their prognosis. The proper 
method and utilization of nutritional support in 
a malnourished esophagectomy patient has yet to 
be determined. Many investigators have studied 
the role of TPN in malnourished populations.

In a randomized, controlled trial, Bozzetti and 
colleagues,19 level 1b, investigated the potential 
benefi ts of perioperative TPN for reducing the 
risk after surgery in malnourished cancer 
patients. Ninety elective surgical patients with 
gastrointestinal cancer were randomly assigned 
to 10 days of preoperative and 9 days of postop-
erative nutrition versus a simple control group, 
which received only postoperative hypocaloric 
intraveneous (IV) fl uids with adequate nitrogen 
support until able to take postoperative feeds. 
Malnourished gastrointestinal cancer patients 
(mean weight loss of 15%–16%) showed a one 
third decrease in overall complication rate with 
preoperative TPN that was continued postopera-
tively (37%) compared to controls (57%). Despite 
these promising results, the need for hospitaliza-
tion 10 days preoperatively is often unavailable 
and always expensive.

The Veterans Affairs Total Parenteral Nutri-
tion Cooperative Study Group20 published a RCT 
in the New England Journal of Medicine, graded 
1b. Malnourished patients (on the basis of objec-
tive nutritional assessment, n = 395) were selected 
who required either a laparotomy or noncardiac 
thoracotomy. The TPN group was treated 7 to 15 
days before surgery and 3 days afterwards and 
the control group received no perioperative TPN. 
Patients who received optimal courses of TPN 
had fewer major complications after 30 days than 
those with suboptimal courses of TPN (19.2% vs. 
38.7%; p < 0.05). In a retrospective analysis, 33 
patients defi ned as severely malnourished (in 
accordance with the Nutritional Risk Index <83.5) 
showed that preoperative TPN decreased postop-
erative noninfectious complications from 42.9% 
to 5.3% (p = 0.3) and there was no increase in the 
frequency of infectious complications. Although 
TPN does appear favorable in severely malnour-
ished patients, this study does not consider length 
of hospital stay or cost in its analysis.

There is no proven benefi t of enteral feeding 
or TPN over short-term postoperative starva-
tion following gastrointestinal surgery (level 
of evidence 1A to 1B; recommendation grade 
A).
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In a more recent randomized, multicenter 
study by Bozzetti and coworkers,21 graded 1b, 
TPN and total enteral nutrition (TEN) were com-
pared in 317 malnourished patients who had 
surgery for gastrointestinal cancer. Isocaloric 
and isonitrogenous formulas of TEN (by jejunos-
tomy tube or nasogastric tube) and TPN were 
both started the morning after surgery and con-
tinued until the patient could tolerate adequate 
postoperative intake. Postoperative complica-
tions [relaparotomy, transfer to intensive care 
unit (ICU), and percutaneous drainage of fl uid 
collections by interventional radiology] occurred 
in 34% of TEN compared with 49% of TPN 
(p < 0.05). Total enteral nutrition, however, was 
associated with a higher frequency of gastroin-
testinal adverse effects (abdominal distension, 
abdominal cramps, diarrhea, and vomiting) 
requiring a switch-over to TPN in 9% of cases. 
The length of stay was a mean of 1.6 days shorter 
in the TEN-fed group. This study supports the 
benefi t of early TEN over TPN in reducing com-
plications in postoperative malnourished gastro-
intestinal cancer patients provided that there are 
no contraindications for TEN, even though TPN 
has better GI tolerance. Unfortunately, this study 
was not stratifi ed by levels of malnourished 
patients.

Braunschweig and colleagues22 published a 
meta-analysis on 27 prospective RCTs in 1,828 
patients regarding the effects of parenteral nutri-
tion compared with tube feeding or standard care 
IV dextrose, followed by conventional diets when 
tolerated. The overall assessment showed that 
tube feeding and standard care is associated with 
a lower risk of infection than is parenteral nutri-
tion. In populations with high percentages of 
protein energy malnutrition (PEM), TPN was 
associated with a lower risk of mortality and a 
trend toward lower risk of infection than stan-
dard care. The authors stated two rather general 
points: “(1) failure to provide adequate nutrition 
to a population with PEM is associated with 
untoward consequences, and (2) TPN should not 
be initiated in normally nourished populations, 
unless there is a good reason to do so”. The limi-
tations of this analysis are different outcome 
variable defi nitions, small sample sizes, small 
numbers of prospective randomized controlled 
trials (PRCTs) with populations of PEM, few com-

parisons of standard care with TPN, and the vari-
ability of reported complications. Cost analysis 
was not included in this review.

Salvino and colleagues23 reviewed several 
studies on perioperative TPN and postoperative 
TPN. To receive preoperative TPN, a severely 
malnourished patient must require elective 
surgery (safe to delay 7–10 days) shown to have 
an improved clinical outcome with nutritional 
support. Postoperative nutritional support should 
be started when a mild to moderately malnour-
ished patient cannot tolerate an oral diet 7 to 10 
days after surgery (5–7 days after surgery for 
a severely malnourished patient). Their review 
supported the use of TEN over TPN whenever 
possible due to its association with safer and 
better outcomes and increased cost effectiveness.

29.2.1. Comments

Due to the lack of studies in malnourished esoph-
agectomy patients, our recommendation must be 
extrapolated from studies in similar populations. 
Perioperative TPN may reduce postoperative 
complication rates in severely malnourished 
patients with gastrointestinal cancer (level of 
evidence 1a to 1b; recommendation grade A). 
The literature soundly supports the use of TPN 
to decrease preoperative surgical morbidity in 
severely malnourished patients, even though 
TEN is generally preferred over TPN due to a 
decrease in complications and cost effectiveness. 
We acknowledge the practice guidelines on 
nutritional support (NS) summarized by the 
American Society of Parenteral and Enteral 
Nutrition24 that only moderately to severely mal-
nourished patients who are scheduled for major 
GI surgery should receive 7 to 14 days of preop-
erative NS if surgery can be safely postponed, 
taking the modality of nutritional support into 
consideration. Because many esophageal cancer 
patients can still tolerate liquids, oral supple-
ments would be the fi rst choice for preoperative 
nutritional supplementation. For patients with 
inadequate oral intake, a cost/benefi t analysis 
must be done if it is necessary to extend the 
length of hospitalization by 7 to 10 days for pre-
operative nutrition. Total parenteral nutrition, 
on average, costs fi ve times more than enteral 
feeds, not including the added cost of extended 
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hospital stay. The use of preoperative enteral 
feeding may be a more cost-effective method in 
treating severely malnourished esophagectomy 
candidates if enteral access is possible. However, 
TPN is certainly appropriate when indicated.

Gabor and coworkers26 performed a prospec-
tive study, graded 2b, of 44 consecutive patients 
with esophagectomy for esophageal carcinoma 
who began early enteral nasojejunal feeding com-
pared to 44 historical patients as a control paren-
teral feeding group. Patients in the enteral group 
received 10 mL/h by nasojejunal tube starting 
6 hours after surgery, increasing in a stepwise 
fashion until total nutrition was reached at day 6. 
The control group was given total parenteral 
nutrition until postoperative day 7, when patients 
were then switched to enteral nutrition. Both the 
average postoperative ICU stay and total hospital 
stay were high in this study, however, patients 
who began early enteral feeding had a shorter 
stay than those on total parenteral nutrition (19 
to 10 days and 43 to 26 days, respectively). There 
was no difference in 30-day mortality between 
groups.

In a randomized trial of the safety and effi cacy 
of immediate postoperative enteral feeding in 
14 patients undergoing elective laparotomies and 
GI resection by one surgeon, graded 2b, Carr 
and associates18 compared postoperative enteral 
feeding via a nasojejunal tube versus postopera-
tive intravenous fl uids. There was no difference 
in length of stay (9.3 days vs. 9.8 days) and there 
was not a signifi cant difference in clinical 
outcomes.

Watters and colleagues27 conducted a RCT, 
graded 1b, comparing the value of nutrition by 
jejunostomy to replacement intravenous fl uids 
only as measured by strength of grip, respiratory 
strength, mobility, and urine biochemistry. 
Patients fed by jejunostomy had the same fatigue 
level, measured by grip strength and maximal 
inspiratory pressure, as the control group. Imme-
diate postoperative jejunal feeding was associ-
ated with impaired respiratory mechanics and 
reduced postoperative mobility, perhaps due to 
slight abdominal distension. Intensive care unit 
and postoperative hospital stay did not differ 
between groups.

In a retrospective review, evidence level 2b, 
Finley and associates28 assessed the frequency 
and causes of GI complications in 228 patients fed 
by open jejunostomy following esophagectomy. J 
tubes were not associated with delayed emptying, 
leaks, early satiety, or pneumonia. At 3-month 
follow-up, the patients denied symptoms of dys-

Perioperative TPN may reduce postoperative 
complication rates in severely malnourished 
patients with gastrointestinal cancer (level of 
evidence 1a to 1b; recommendation grade A).

29.3. Enteral Feeding

The per oral (PO) route is delayed in a postopera-
tive esophagectomy patient for a short time 
period in order to allow the initiation of anasto-
motic healing. These patients, however, may be 
malnourished and need NS or may be unable to 
begin PO intake in a timely manner. Hence, a 
decision must be made between which method of 
enteral feeding, nasojejunal tube or jejunostomy 
tube, is best for a postesophagectomy patient.

Baigrie and colleagues6 conducted a prospec-
tive, randomized trial (PRT), graded 1b, compar-
ing enteral (jejunostomy) to parenteral nutrition 
after esophagectomy or gastrectomy in 97 
patients. The TPN group demonstrated a 45% 
incidence of major morbidity which included 
catheter-related complications and sepsis as well 
as life threatening non–catheter-related compli-
cations such as respiratory failure, renal failure, 
and myocardial infarction. Complications attrib-
utable to enteral nutrition were relatively minor, 
such as cramping, abdominal pain, and diarrhea. 
Benefi ts of enteral nutrition include the simplic-
ity of intra-operative jejunostomy placement and 
the low cost of jejunostomy feeding relative to 
parenteral nutrition.

Sand and colleagues25 conducted a PRT, graded 
1b, comparing parenteral and nasojejunal feeding 
in 29 patients after total gastrectomy for gastric 
cancer. One died in the parenteral group of infec-
tion after an esophagojejunal leak. The incidence 
of diarrhea was similar in both groups. Enteral 
nutrition by nasojejunal catheter was shown to be 
safe and well tolerated with fewer infectious com-
plications (p = 0.7), and was four times less 
expensive than TPN.
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phagia, refl ux, dumping, diarrhea, or hoarseness. 
Two of the 228 (1%) required laparotomies for 
bowel torsion and obstruction at the site of the J 
tube. They support sewing a broad base of the 
jejunum to the abdominal wall at the site of the J 
tube to prevent torsion at the site of the jejunos-
tomy, as recommended by others.29–31

McCarter and colleagues32 evaluated the feasi-
bility and tolerance of early jejunal feeding in an 
analysis, graded 2b, of prospectively collected 
data from 167 patients following major upper 
gastrointestinal surgery. On postoperative day 1, 
patients were started on full-strength enteral 
feeds at 25 mL/h by jejunostomy. Diets were 
advanced to a calculated target rate (25 kcal/kg/
day) by postoperative day 4. Patients experienced 
cramping, distension, nausea, and diarrhea; 
however, most of the symptoms were described 
by patients as mild.

In a 350 patient case series, graded 4, Brock 
and colleagues33 report excellent safety profi le 
and ease of placement of the percutaneous J tube 
in patients following esophagectomy. Only 4.9% 
required J tube replacement.

29.3.1. Comments

In comparison to parenteral nutrition, enteral 
devices are simple to place and are associated 
with fewer complications and lower cost, both in 
terms of nutritional expense and length of hospi-
tal stay. Enteral nutrition is also associated with 
more rapid return of bowel function and decreased 
major morbidity. However, there are specifi c 
complications associated with various enteral 
feeding modalities.

Historically, jejunostomy feeding has been 
commonly associated with mild gastrointestinal 
symptoms and occasional serious complications 
such as obstruction or torsion. Jejunostomy, 
however, carries a substantial risk of mortality, 
estimated to be as high as 10%.29,34–36 Adams and 
coworkers34 reported 7 of 73 patients died as a 
direct result of complications from jejunostomy 
for GI tract obstruction or dysfunction. Serious 
complications of jejunostomy feeding are greatly 
reduced by sewing a broad base of the jejunum to 
the abdominal wall when the tube is placed. The 
risks of jejunostomy feeding often do not out-
weigh the benefi ts. In comparison to IV fl uids 

alone, the benefi t of nasojejunal feeding provides 
decreased postoperative complications in select 
patients, but similar clinical outcomes. There is 
level 2a evidence supporting the use of both a 
nasojejunal tube and a jejunostomy tube in post-
esophagectomy patients.

Which form of enteral feeding is best for a 
patient following esophagectomy? Because there 
is no study directly comparing nasogastric and 
jejunostomy feeding methods in esophagectomy 
patients, we must extrapolate a decision based 
on the relative safety, tolerability, and effi cacy of 
enteral feeding options. We recommended that if 
enteral feeding is indicated, NJ tubes should be 
used postoperatively to feed patients following 
esophagectomy (level of evidence 1b to 2b; rec-
ommendation grade B). This recommendation 
primarily stems from the serious nature of com-
plications associated with jejunostomy feeding in 
comparison to the relatively mild gastrointesti-
nal symptoms of nasojejunal feeding. An uncom-
plicated patient can be advanced on oral feeds 
5 to 7 days following surgery, allowing time 
for appropriate healing of the esophageal 
anastomosis.

If enteral feeding is indicated, nasojejunal 
tubes should be used postoperatively to feed 
patients following esophagectomy (level of 
evidence 1b to 2b; recommendation grade B).

29.4. Authors’ Recommendation

When treating a patient who is a candidate for an 
esophagectomy, his/her total health should be 
taken into consideration. Their nutritional status 
is of supreme importance due to the fact that 
many patients are malnourished from the com-
bination of esophageal obstruction and the 
ravages of cancer. The algorithm in Figure 29.1 
lays out the various nutritional treatment plans 
for an esophagectomy patient. A patient who can 
tolerate PO intake should be given oral supple-
ments during workup and treated expectantly 
after surgery. Per oral intake can be initiated 3 to 
5 days to resume full feeling 5 to 7 days postop-
eratively, giving time for the anastomosis to 
heal.



248 L.A. Clemson et al.

The treatment of a patient with esophageal 
obstruction and concomitant malnutrition is 
much more complex. The patient’s level of mal-
nutrition stratifi cation based on the Nutritional 
Risk Index or other anthropometric indices 
determines the treatment. Only patients with 
severe malnutrition need preoperative hospital 
admission 7 to 10 days before surgery for TPN 
supplementation. During surgery it is wise to 
consider placing a jejunostomy tube or nasojeju-
nal tube if there is a thought that the patient may 
struggle with postoperative malnutrition or will 
be unable to tolerate appropriate PO intake after 
the operation. Postoperative esophagectomy 
complications may warrant the placement of a 
nasojejunal or jejunostomy tube in order to 
resume nutritional support.

As the literature describes (Table 29.1), the 
decision to feed a patient with a jejunostomy after 
esophagectomy should be on a patient by patient 
basis, taking into account nutritional status, ease 
of insertion, and postoperative complications.
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30
Gastric Emptying Procedures 
after Esophagectomy
Jeffrey A. Hagen and Christian G. Peyre

dure is safe in experienced hands and that the 
higher complication rate associated with a 
delayed pyloroplasty can be avoided.16

30.1. Published Clinical Data

The purpose of this chapter is to review the evi-
dence regarding the need to perform a pyloro-
plasty or pyloromyotomy after esophagectomy 
and gastric reconstruction. The review is based 
on a Medline search from 1950 to 2005 for English 
language articles that address the subject of 
gastric drainage following esophagectomy and 
reconstruction (three foreign language articles 
were not reviewed). The review includes fi ve case 
series, four cohort studies, eight randomized 
controlled trials, and one meta-analysis (Table 
30.1).6,11,14-29

30.2. Symptoms of Gastric Stasis

Proponents of routine gastric drainage argue that 
symptoms of gastric stasis are more common if a 
pyloroplasty is not performed. The results of 
published case series do suggest that symptoms 
such as early satiety, nausea, fullness, and regur-
gitation do occur in patients without drainage. 
Velanovich and colleagues17 reported outcomes 
in a case series that included 58 patients who had 
esophagectomy and reconstruction without 
gastric drainage, with 19% experiencing symp-
toms due to gastric stasis. Three other case series 
have reported a frequency of these stasis symp-

In the 1940s, Dragstedt reported a 20% to 25% 
frequency of delayed gastric emptying after 
truncal vagotomy alone for peptic ulcer disease.1,2 
A similarly high frequency of delayed gastric 
emptying was reported by Bergin in 1959 in a 
series of 32 patients.3 Based on this experience, it 
seemed reasonable, as many authorities have, to 
expect prolonged gastric emptying after esopha-
gectomy and reconstruction by gastric pullup – 
an operation in which bilateral truncal vagotomy 
is inevitable – unless a pyloroplasty or pyloromy-
otomy is performed.4,5

More recently, a number of arguments have 
been made against routine gastric drainage. It 
has been argued that the stomach loses its reser-
voir function when placed in the chest, acting as 
a passive conduit that drains by gravity. The risk 
of peri-operative complications (leak, graft short-
ening, damage to the vascular pedicle) and 
the long-term consequences of bile refl ux and 
dumping have also been proposed as justifi cation 
for omitting a drainage procedure.6–8 Opponents 
argue further that when symptoms of delayed 
gastric emptying do occur, they often improve 
with time,9 and if not, they commonly respond 
to medical therapy10–12 or endoscopic balloon 
dilatation.13

Proponents of routine gastric drainage argue 
that a pyloroplasty or pyloromyotomy results in 
fewer symptoms of gastric stasis such as regurgi-
tation, fullness, or distention, and patients return 
to a normal diet faster. They also argue that 
gastric drainage prevents potentially serious 
long-term complications due to pulmonary aspi-
ration events.14,15 They contend that the proce-
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toms of 21% to 53%.6,18,19 A similar frequency of 
gastric stasis symptoms was reported in a cohort 
study by Wang and colleagues.20 Outcome was 
reported for 18 patients with and 58 patients 
without a drainage procedure. When a gastric 
emptying procedure was not performed 38% 
experienced abdominal fullness and 41% experi-
enced regurgitation. However, in this cohort study, 
these symptoms were no more common than in 
patients who had a pyloroplasty performed.

Five of the eight randomized, controlled trials 
report the frequency of obstructive foregut symp-
toms in patients with and without a gastric drain-
age procedure. While three of these trials showed 
no signifi cant difference,21–23 the randomized, 
controlled trials by Mannell and colleagues14 and 
Fok and colleagues16 showed a signifi cantly higher 
frequency of symptoms of gastric stasis if gastric 
drainage was omitted. In the latter series, the 
largest randomized, controlled trial reported a 
total of 200 patients. Those who had a gastric 
drainage procedure were signifi cantly more likely 
to be free of abdominal pain, distention, or regur-
gitation compared to patients without a pyloro-
plasty (86% vs. 53%). As a consequence of these 
two trials, the meta-analysis by Urschell and col-
leagues15 showed that early complications related 
to pyloric outlet obstruction were signifi cantly 

less common if a pyloroplasty was routinely per-
formed [relative risk (RR) = 0.018; 95% confi dence 
interval (95% CI), 0.03–0.97; p = 0.046). In addi-
tion, long-term outcome assessment indicated a 
nonsignifi cant trend toward fewer obstructive 
symptoms in patients who had a gastric drainage 
procedure (RR = 0.97).

30.3. Respiratory Complications

Poor drainage of the gastric pullup can also result 
in regurgitation of gastric contents into the tra-
cheobronchial tree, resulting in respiratory com-
plications including chronic cough, pneumonia, 
and aspiration. These respiratory complications 
were fi rst reported in 1984 in the case series by 
Mannell and colleagues,19 in which 15 patients 
were assessed between 6 and 30 months after 
esophagectomy without a drainage procedure. 
Seven patients experienced a cough following 
meals or when supine, with clinical evidence of 
pneumonitis in four. Two additional patients had 
documented episodes of pneumonia, resulting in 
a frequency of respiratory complications of 60%. 
The remainder of the case series do not report the 
frequency of respiratory complications, but in 
the case series by Velanovich and coworkers,17 

TABLE 30.1. Clinical studies examining role of pyloroplasty after esophagectomy.

 Number Patients Studied

Author (year) Type of study No drainage Drainage Level of evidence

Urschel15 (2002) Meta-analysis of RCTs 553 total 1a–
Fok16 (1991) RCT 100 100 1b
Cheung22 (1987) RCT  37  35 1b
Mannell14 (1990) RCT  20  20 1b
Kao25 (1994) RCT  19  19 1b–
Gupta29 (1989) RCT  12  12 2b–
Chattopadhyay21 (1991) RCT  12  12 2b–
Chattopadhyay28 (1993) RCT  12  12 2b–
Huang23 (1985) RCT  15  20 2b–
Gutschow27 (2001) Cohort  40  18 2b–
Finley24 (1995) Cohort  46 249 2b–
Bemelman13 (1995) Cohort 111  23 2b–
Wang20 (1992) Cohort  58  18 2b–
Mannell19 (1984) Case series  15  4
Golematis18 (1982) Case series  14  4
Velanovich17 (2003) Case series  58  4
Angorn6 (1975) Case series  10  4
Hinder26 (1976) Case series   10 4

Abbreviation: RCT, randomized, controlled trial.
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one patient (2%) was reported to die postopera-
tively from pulmonary aspiration.

In spite of the concerns raised regarding the 
risk of aspiration in the case series, the cohort 
studies and randomized, controlled trials do not 
indicate a signifi cantly higher risk of potentially 
fatal respiratory events when a gastric drainage 
procedure is not performed. Interestingly, the 
two cohort studies that specifi cally addressed 
this issue both reported a slightly higher rate of 
aspiration when gastric drainage was performed. 
The difference was not statistically signifi cant. 
Wang and coworkers20 reported signs or symp-
toms of aspiration in 17% of patients who had a 
gastric drainage procedure compared to only 3% 
when drainage was not performed. Finley and 
colleagues24 reported an identical 17% frequency 
of aspiration in 249 patients who had a pyloro-
plasty compared to an 11% frequency of aspira-
tion in the 46 patients who did not have a gastric 
drainage procedure.

The frequency of respiratory complications 
has been reported in two randomized, controlled 
trials. In the fi rst, Mannell and colleagues14 ran-
domized 40 patients to reconstruction with and 
without a pyloroplasty. Clinical outcome was 
assessed 8 months after surgery. Three patients 
in the no pyloroplasty group died of postopera-
tive aspiration, with an additional death during 
late follow-up due to aspiration. There were no 
major pulmonary complications early or late 
when a pyloroplasty was performed. This differ-
ence in frequency of aspiration (20% without 
pyloroplasty vs. 0% with pyloroplasty) did not 
reach statistical signifi cance (p = 0.11), most 
likely due to the small number of patients ran-
domized. In the second randomized, controlled 
trial, Fok and associates16 randomized 200 
patients each to pyloroplasty or gastric recon-
struction without a drainage procedure. Once 
again, pulmonary aspiration was more common 
in the no pyloroplasty group (including two 
deaths), but the difference did not reach statisti-
cal signifi cance (23% vs. 16%; χ2 = 1.56; p = 0.21). 
As a consequence, the meta-analysis by Urschell 
and coworkers15 found a nonsignifi cant reduction 
in pulmonary complications overall (RR = 0.69; 
95% CI, 0.42–1.14; p = 0.15) and in fatal pulmo-
nary aspiration (RR = 0.25; 95% CI, 0.4–1.6; p = 
0.14) when a pyloroplasty was performed.

30.4. Impact on Diet

Proponents of adding a gastric drainage proce-
dure also express concern regarding the adverse 
effects of delayed gastric emptying on dietary 
function. Early dietary function was assessed in 
the cohort study by Bemelman and colleagues30 
that reported outcome in 140 patients following 
esophagectomy and reconstruction using the 
whole stomach in 40 patients (9 with and 31 
without pyloroplasty), the distal stomach in 65 (20 
with and 45 without pyloroplasty), and a narrow 
gastric tube without pyloroplasty in 35 patients. 
When the time to resumption of a normal diet was 
assessed, they found no signifi cant difference 
between patients with and without a gastric drain-
age procedure (6/29 vs. 18/76; p = 0.80).

Long-term dietary function was assessed in 
two of the randomized, controlled trials. Cheung 
and colleagues22 randomized 35 patients to a 
pyloroplasty and 37 to reconstruction without 
gastric drainage. At 6 months, more patients in 
the pyloroplasty group were tolerating a regular 
diet (18/22 vs. 17/25; p = 0.33) but this difference 
disappeared by 2 years when all patients in both 
groups were tolerating a solid food diet. A similar 
trend was seen when meal capacity was assessed, 
with a minor (nonsignifi cant) difference noted at 
6 months but with all patients in both groups 
tolerating a normal meal capacity by 2 years. Fok 
and coworkers16 have also compared the time 
to resumption of a normal diet in patients with 
and without gastric drainage. At 2 weeks, more 
patients in the gastric drainage group were taking 
a regular diet (65% vs. 41%; p < 0.01), and the 
meal capacity was more likely to be normal (73% 
vs. 52%; p < 0.01). While these authors also found 
that these differences decreased over time, there 
was still a signifi cantly higher percentage of 
patients who complained of foregut symptoms 
during meals when a pyloroplasty was not per-
formed (47% vs. 14% at 6 months; p < 0.01).

30.5. Impact of a Gastric Drainage 
Procedure on Gastric Emptying

Formal assessment of gastric emptying after 
esophagectomy without gastric drainage was fi rst 
reported by Angorn and colleagues.6 In this case 
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series, 10 patients had liquid barium transit 
studies. Using this relatively crude test, the 
authors concluded that emptying of the stomach 
was faster after gastric pullup without gastric 
drainage than that measured in asymptomatic 
volunteers. Two additional case series specifi cally 
assessed gastric emptying and arrived at similar 
conclusions.18,19 However, all three of these series 
compared emptying from the gastric conduit to 
that measured in an intact innervated stomach in 
normal subjects. It should not be surprising that 
emptying is more rapid from a stomach that has 
been at least partially tubularized and positioned 
more vertically in the chest cavity.

The two cohort studies that have assessed 
emptying of the gastric conduit show no differ-
ence in emptying in patients with and without a 
drainage procedure. Wang and colleagues20 com-
pared gastric emptying by nuclear medicine 
scanning in 10 patients with and 23 without 
gastric drainage, fi nding no difference in empty-
ing in the upright position (15 vs. 18 s, respec-
tively). Using the time to clearance of liquid 
barium, Finley and coworkers24 reported similar 
clearance rates in the supine position in patients 
who had undergone pyloroplasty compared to 
those who had not.

When gastric emptying is compared in the 
randomized, controlled trials, a different picture 
emerges. In all but one of these trials, emptying 
was more rapid after a gastric drainage proce-
dure than when a drainage procedure was omitted 
(Table 30.2). In the largest of these trials, Fok 
and associates16 compared gastric emptying at 6 
months in 42 patients with and 44 without gastric 
drainage. Using a labeled solid meal in the upright 
position, the emptying halftime was signifi cantly 
shorter in patients who had a gastric drainage 
procedure (6.6 vs. 24.3 min; p < 0.001).

30.6. Perioperative Complications 
Related to the Pyloroplasty

One of the main arguments against routine 
gastric drainage is the concern that performing a 
pyloroplasty may increase the risk of postopera-
tive complications including leakage from the 
pyloroplasty site or injury to the vascular pedicle 
and that it may shorten the stomach graft. While 
complications related to a pyloroplasty can cer-
tainly occur, the available literature does not 
support the conclusion that pyloroplasty should 
be avoided on this basis. None of the case series 
or cohort studies report any complications related 
to the pyloroplasty, nor do the three randomized, 
controlled trials that specifi cally detail perioper-
ative complications rates.14,16,22 In the meta-anal-
ysis by Urschell and associates,15 a nonsignifi cant 
trend was identifi ed toward an increased risk of 
complications related to pyloric drainage (RR = 
2.55; 95% CI, 0.34–18.98; p = 0.36). This was based 
on 3 patients who experienced pyloroplasty com-
plications reported in a non-English language 
publication of a randomized trial not included in 
our review.

30.7. Dumping Symptoms 
and Diarrhea

Troublesome symptoms of dumping and a ten-
dency toward diarrhea have also been proposed 
as reasons not to perform gastric drainage. It is 
interesting to note, however, that the case series 
reporting outcome in patients without pyloro-
plasty suggest that dumping and diarrhea can 
occur even when a gastric drainage procedure is 
not performed. Mannell and colleagues19 reported 

TABLE 30.2. Evaluation of gastric emptying by radionuclide scintigraphy.

 Type of radionuclide-   Drainage No drainage 
Author (year) labeled meal Drainage (n) No drainage (n) (mean ± SD in min) (mean ± SD in min) p value

Cheung22 (1987) Semi-solid 16 21  11.6 ± 9.6  40.8 ± 38.0  <0.01
Fok16 (1991) Semi-solid 42 44   6.5 ± 7.5   24.3 ± 31.5  <0.001
Gupta (1989) Liquid 12 12 161.21 ± 3.10  378.89 ± 26.16 Not reported
Kao (1994) Solid 19 19 175.9 ± 284 250.6 ± 336 Not reported
Mannell14 (1990) Solid 14 10 54 63 >0.05

Abbreviation: SD, standard deviation.
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dumping in 2/15 (13%) of patients without gastric 
drainage and Angorn and coworkers6 reported 
diarrhea in 20%. Clearly, not all dumping and 
diarrhea experienced after gastric pullup can be 
attributed to the pyloric drainage procedure.

The evidence from cohort studies is mixed 
with regard to the relative frequency of dumping 
and diarrhea. Wang and colleagues20 reported a 
signifi cant increase in the frequency of dumping 
when a pyloroplasty was added [6/18 (33%) vs. 
4/58 (6.9%); p = 0.0094]. However, the larger 
cohort study by Finley and colleagues24 reported 
no difference in the frequency of either dumping 
[13/238 (5%) vs. 2/45 (4%)] or diarrhea [44/238 
(18%) vs. 7/45 (16%)].

Data from the randomized trials, although 
limited, indicate that the addition of a pyloro-
plasty does not increase the frequency of dumping 
symptoms or diarrhea. Mannell and associates14 
reported dumping in only 1/20 patients after 
a pyloroplasty, with a similarly low frequency of 
dumping symptoms in the trial reported by Chat-
topadhyay and colleagues.21 Dumping symptoms 
were experienced by 2/12 patients who had a pylo-
roplasty compared to 1/12 without, with an equal 
frequency of diarrhea whether or not a pyloro-
plasty was performed (2/12 in each group).

30.8. Bile Reflux

It has also been suggested that adding a pyloro-
plasty will result in increased gastric exposure to 
bile, leading to symptoms of bilious regurgitation 
and the development of gastritis. It is clear that 
reconstruction with the addition of gastric drain-
age will increase gastric exposure to bile when 
compared to normal subjects, based on the case 
series of 10 patients reported by Hinder and 
coworkers.26 In this series, 5 patients had over-
night aspiration studies for bile, with increased 
bile exposure documented in 3 patients. However, 
there are two case series that show that bile refl ux 
and gastritis also occur in patients without a 
drainage procedure. Mannell and colleagues19 
reported results of overnight gastric aspiration 
studies for bile in 15 patients who had reconstruc-
tion without gastric drainage, demonstrating an 
increased mean bile exposure. There was endo-
scopic evidence of gastritis in 8/15 with an addi-
tional 3 patients manifesting gastritis on biopsy. 

Further, of the 4 patients without gastritis at the 
initial endoscopy, 3 had a follow-up endoscopy a 
year later, with an ulcer in one and gastritis in 
another. Golematis and colleagues18 also reported 
a high frequency of gastritis (7/11 patients at 1 
year) in patients who did not have pyloric drainage.

The results of the cohort studies are mixed with 
respect to the frequency of abnormal bile refl ux in 
patients with and without gastric drainage. Wang 
and coworkers20 reported a higher frequency of 
symptomatic bile refl ux in patients who had a 
pyloroplasty (56% vs. 9%), with Tc 99m HIDA 
scanning performed in a subgroup of these 
patients to assess bile refl ux. The frequency of 
abnormal enterogastric refl ux was higher in the 
pyloroplasty group (60% vs. 9%). In contrast, 
Gutschow and coworkers27 performed a detailed 
assessment of bile exposure after gastric pullup, 
using Bilitec 2000® monitoring in 79 patients. 
They found abnormal bile exposure in 54% 
overall, with no difference in bile exposure 
whether or not a pyloroplasty was performed. 
Interestingly, they did demonstrate improvement 
in bile exposure with the administration of eryth-
romycin in patients who had a pyloroplasty, with 
return of bile exposure to levels comparable to 
normal healthy control subjects. Such an effect 
was not seen with erythromycin in patients who 
did not have a gastric drainage procedure. The 
authors concluded that from the perspective of 
bile refl ux, a gastric drainage procedure is advan-
tageous when combined with prokinetic therapy.

Only one randomized, controlled trial specifi -
cally addressed bile refl ux in a relatively limited 
number of patients.28 Overnight bile aspiration 
studies were performed 6 months after gastric 
pullup in 12 patients with and 12 without a pyloro-
plasty. Bile exposure was increased in all 24 patients, 
and although the mean bile acid concentration was 
slightly higher in the pyloroplasty group, the dif-
ference was not statistically signifi cant.

30.9. Summary of the Published Data

Of the concerns cited by proponents of routine 
pyloroplasty or pyloromyotomy, the published 
data indicate that symptoms of gastric stasis are 
more common when gastric drainage is omitted 
(level of evidence 1b). Complications related to 
pyloric outlet obstruction are also more common 
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(level of evidence 1a). The development of respi-
ratory complications including fatal aspiration 
does not appear to be more common based on 
either cohort studies or randomized, controlled 
trials, although the number of patients studied 
is small. There is, however, level 1b evidence to 
suggest patients that have a pyloroplasty return 
to a normal diet faster with fewer foregut symp-
toms during meals.

Opponents to routine gastric drainage argue 
that adding a pyloroplasty increases the risk of 
postoperative complications, damage to the vas-
cular pedicle, and may shorten the gastric graft. 
This concern is not supported by any evidence 
other than expert opinion (level of evidence 5). It 
has also been argued that the dumping symp-
toms and diarrhea are more common with gastric 
drainage, an assertion supported by a single case 
control study (level of evidence 3b). The limited 
information available from the randomized, con-
trolled trials, reporting a total of only 54 patients, 
would suggest there is no difference in the 
frequency of dumping symptoms or diarrhea 
whether a pyloroplasty is performed or not (level 
of evidence 1b–).

Objective assessment of gastric emptying has 
been reported in fi ve randomized, controlled 
trials and in each, emptying was slower in patients 
who did not have a gastric drainage procedure 
(level of evidence 1b). However, the heterogeneity 
in methods used to measure gastric emptying in 
the published trials makes it diffi cult to collec-
tively analyze the disparate types of gastric emp-
tying data, limiting the ability of meta-analysis 
to detect a signifi cant difference.

Finally, it has been suggested that the perfor-
mance of a pyloroplasty or pyloromyotomy will 
result in increased gastric exposure to bile. This 
assertion is supported by a single case series and 
a small cohort study (level of evidence 4). A larger 
case control study and a single randomized, con-
trolled trial showed no difference in gastric bile 
exposure whether or not a gastric drainage pro-
cedure was performed.

30.10. Impact on Clinical Practice

In our opinion, the sum of the evidence appears 
to favor the routine addition of a pyloroplasty or 
pyloromyotomy when performing a reconstruc-

tion following esophagectomy. It does not appear 
to increase the rate of early complications and 
may prevent the occasional mortality related to 
early gastric outlet obstruction and aspiration 
that are reported in 2% of patients without pylo-
roplasty in the largest randomized, controlled 
trial. While this difference did not achieve statis-
tical signifi cance even with 100 patients random-
ized to each arm, this study was under powered 
to detect a clinically meaningful reduction in 
mortality given the low frequency of this compli-
cation. The data also suggest that symptomatic 
outcome and dietary function are improved when 
gastric drainage is performed.

The sum of the evidence favors the routine 
addition of a pyloroplasty or pyloromyotomy 
when performing a reconstruction following 
esophagectomy (level of evidence 1a to 1b; rec-
ommendation grade B).

The major objections to a gastric drainage pro-
cedure do not appear to be well supported by the 
available literature. Dumping symptoms and 
diarrhea do occur but are no more common than 
in patients without drainage. The major unan-
swered question relates to the development of bile 
refl ux and complications of gastritis or gastric 
ulcer. While the evidence in the literature is 
unclear, with small numbers of patients studied 
in cohort studies or randomized, controlled 
trials, a few important observations do emerge. 
First, there is clear evidence to suggest that refl ux 
of bile into the stomach is increased when a pylo-
roplasty is performed. However, because of the 
effects of a drainage procedure on gastric empty-
ing, these refl ux episodes are likely to be short 
lived. Contrast this to the situation when a drain-
age procedure is not performed, where there is 
clear evidence to suggest that abnormal bile 
refl ux can still occur. In these patients, it is likely 
that transposition of the stomach into the chest 
cavity with the pylorus near the esophageal hiatus 
and the loss of coordinated antroduodenal func-
tion as a result of vagotomy combine to increase 
refl ux of bile into the stomach. Because gastric 
emptying occurs more slowly in patients without 
a pyloroplasty, especially at night in the supine 
position when bile refl ux is most common, even 
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occasional episodes of bile refl ux may be associ-
ated with prolonged bile exposure and increased 
injury. Further studies, ideally incorporating 
prokinetic therapy, will be required to clarify this 
particular issue.
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3. Lower incidence of cervical esophagogastric 
anastomotic leaks.5,6

4. Shorter distance for reconstruction (implying 
less anastomotic tension).7

5. Better long-term function (i.e., swallowing 
function, gastric emptying).1

6. Avoidance of foregut angulation which may 
lead to diffi culties performing esophageal 
dilatation.1

7. Lack of interference with subsequent access 
for cardiac surgery.1

8. Preservation of the thoracic inlet structures.8

Reported disadvantages to the PM route include:

1. Possibility of tumor recurrence within the 
conduit, especially following incomplete resec-
tion of the primary tumor when lateral margins 
are positive.9

2. Potential damage to the gastric conduit if 
radiation therapy is used to treat residual disease 
in the posterior mediastinum.1

These disadvantages have prompted some sur-
geons to advocate an alternate route of recon-
struction, namely the retrosternal (RS) approach. 
Proponents of this route suggest the following 
additional advantages1:

1. Ease and effi ciency of drainage of anastomotic 
leaks.

2. Ease of reoperation for anastomotic stricture.
3. Feasibility of gastrostomy tube insertion 

(suprasternal or xiphisternal).

In order to objectively defi ne the optimal route of 
upper gastrointestinal reconstruction, it is helpful 

Despite recent advances in multimodality 
therapy, the mainstay of therapy for esophageal 
carcinoma remains surgical resection. Following 
esophagectomy, there are a number of options to 
restore continuity of the upper gastrointestinal 
tract. Important considerations for reconstruc-
tion include: choice of conduit (e.g., stomach, 
colon, jejunum); technique of conduit construc-
tion (e.g., whole stomach vs. gastric tube, left vs. 
right colon, etc.); location of anastomosis (i.e., 
intrathoracic vs. cervical); need for gastric drain-
age procedures (pyloroplasty, pyloromyotomy, or 
no drainage); and the route of reconstruction 
(posterior mediastinal, retrosternal, transpleu-
ral, subcutaneous).1 Each of these factors may 
have a signifi cant impact on postoperative mor-
bidity and long-term function.

Specifi cally, the route of alimentary recon-
struction remains controversial, refl ecting ad -
vantages and disadvantages of the two most 
commonly employed options: the posterior medi-
astinal (orthotopic, prevertebral) route and the 
retrosternal (anterior mediastinal, heterotopic) 
route. As the vast majority of published literature 
pertains to gastric transposition, this chapter 
will critically evaluate the optimal route (poste-
rior mediastinal vs. retrosternal) for recon-
struction using a gastric conduit following 
esophagectomy for cancer.

The reported advantages of using the posterior 
mediastinal (PM) route for reconstruction 
include:

1. Lower incidence of operative mortality.2

2. Less cardiac and pulmonary morbidity.3,4
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to systematically assess all clinically relevant and 
measurable outcomes. These may be considered 
as two broad categories: early (in hospital); and 
late (following discharge from hospital). The fol-
lowing sections of this chapter will discuss the 
available published literature in an outcome-
based manner. An overview of selected random-
ized clinical trials included in this review of the 
literature is summarized in Table 31.1.

31.1. Early Outcomes

There are a number of important early periopera-
tive outcomes that can be quantitated following 
esophageal resection and reconstruction. These 
outcomes include: operative mortality, pulmo-
nary and cardiac morbidity, and anastomotic 
leaks.

31.1.1. Operative Mortality

To date, discussion surrounding operative mor-
tality have focused more on the choice of conduit 
than the route of reconstruction. One large retro-
spective review of esophagectomy and recon-
struction for benign disease showed no association 
between route of reconstruction and operative 
mortality.6 Three small randomized, controlled 
trials (RCTs) have looked specifi cally at this issue 
with regards to “curative” resection and recon-
struction for malignant disease.2,10,11 Two of these 
trials showed a trend towards lower operative 
mortality for patients who underwent PM recon-
struction.2,10 One study showed no difference in 
mortality rates when either the PM or RS route 
was used,11 but when subjected to meta-analysis, 
no signifi cant difference in mortality rate between 
the PM and RS route of reconstruction was iden-
tifi ed.12 Relative risk (RR), expressed as PM versus 
RS route, was 0.56 [95% confi dence interval (95% 
CI), 0.17–1.82; p = 0.34]. It is important to note, 
however, that these small studies were under-
powered to detect subtle differences in mortality 
rates between the two groups.

31.1.2. Pulmonary Complications

A number of pulmonary complications (aspira-
tion, atelectasis, and pneumonia) may follow 

esophageal resection, and may be related to the 
route of reconstruction.3 A multivariate analysis 
by Tsutsui and colleagues indicated that the RS 
route was a signifi cant factor predisposing to 
postoperative atelectasis.4 Another retrospective 
study identifi ed RS reconstruction as a risk factor 
for postoperative complications causing death.3 
In this study, however, two groups from different 
time periods were compared and exhibited 
important and possibly confounding differences 
in perioperative management.

In one RCT, right to left intrapulmonary 
shunt was measured and found to be markedly 
increased in both groups.2 Respiratory function, 
however, was less compromised in patients 
following PM reconstruction. A meta-analysis by 
Urschel and coworkers compared pulmonary 
morbidity using the results of three RCTs.12 
Again, the point estimates indicated a trend 
towards the PM route having fewer pulmonary 
complications, but statistical signifi cance was 
not reached (RR = 0.67; 95% CI, 0.34–1.33; 
p = 0.260).

31.1.3. Cardiac Complications

Cardiac complications following esophagectomy 
include arrhythmia, myocardial infarction, and 
congestive heart failure. It has been suggested 
that placement of the conduit in the anterior 
mediastinum may compromise cardiac function 
by obstruction of the right ventricle or by causing 
paradoxical movements of the septum.13 Indeed, 
Bartels and associates found a signifi cantly lower 
cardiac index in patients following RS recon-
struction, primarily due to a reduction in stroke 
volume index. These results correlated clinically 
to a slightly higher (but not statistically signifi -
cant) rate of cardiac complications in patients 
who underwent RS reconstruction. Although 
meta-analysis did not show any signifi cant dif-
ference in cardiac mortality between the two 
routes, there was a trend towards increased mor-
bidity when the RS approach was used (RR = 0.43; 
95% CI, 0.17–1.12; p = 0.08).12 Again, these results 
may be diffi cult to interpret given the possibility 
that small differences were missed due to a small 
number of patients and trials included in this 
meta-analysis.
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31.1.4. Anastomotic Leaks

Leakage at the esophagogastric anastomosis 
remains a signifi cant early complication of 
esophageal reconstruction. Comparative ana-
tomical studies have shown that the RS route 
is up to 2.5 cm longer than the PM route.14 
This longer distance underlies anecdotal reports 
that the longer RS route is associated with 
increased anastomotic tension and a higher leak 
rate. A review of multiple case series revealed 
anastomotic leak rates for RS reconstruction 
from 0% to 47%.5 A retrospective multivar-
iate analysis of postoperative complications 
following eso phageal resection for cancer identi-
fi ed the RS route as a statistically signifi cant, 
independent risk factor predisposing to anasto-
motic leakage.4 Another retrospective study 
of resection for benign disease identifi ed a 
statistically signifi cant higher incidence of 
anastomotic leak for extra-anatomic routes of 
reconstruction.6

Four different RCTs were included in a meta-
analysis to evaluate the outcome of anastomotic 
leak.2,10–12,15 Criteria for diagnosing anastomotic 
leaks varied between the four trials and included 
both clinical and/or radiographic evidence of 
a leak. Although most studies showed a trend 
towards increased anastomotic leak rate with the 
PM route of reconstruction, none reached statis-
tical signifi cance. This is in contrast to anecdotal 
reports suggesting that the RS reconstruction is 
associated with higher leak rates. The only study 
that suggested a trend towards higher leak rates 
following RS reconstruction evaluated groups 
that were randomized primarily to technique 
(one-layer vs. two-layer anastomosis), not for 
route of reconstruction.15

31.1.5. Other Perioperative Outcomes

A number of other important perioperative 
outcomes have been used to compare PM and 
RS routes of reconstruction. They include dura-
tion of operation, blood loss, duration of postop-
erative mechanical ventilation, and length of 
hospital stay. A comparison of a number of 
trials shows no differences for any of these 
outcomes.2,10,11

31.2. Late Outcomes

There are a number of late outcomes following 
esophagectomy that may refl ect the route of 
reconstruction. Dysphagia may have an anatomic 
(e.g., stricture, tumor recurrence) or functional 
basis, and other clinically relevant variables 
include gastric emptying, quality of life, and pul-
monary aspiration resulting from duodenogas-
troesophageal refl ux.

31.2.1. Anastomotic Stricture

According to published reports, the prevalence of 
benign cervical anastomotic stricture ranges 
from 3% to 50%.8 There are few studies that have 
specifi cally compared anastomotic stricture rates 
between PM and RS reconstruction. In one RCT, 
no differences were found in stricture rates 
between the groups.11 In another study, results 
were diffi cult to interpret because of the con-
founding variable of one- versus two-layer anas-
tomosis.15 Although anecdotal reports suggest it 
is more diffi cult to perform esophageal dilatation 
for stricture after RS reconstruction, published 
data on this matter is scarce.

31.2.2. Tumor Recurrence in the Conduit

There is a paucity of information regarding the 
incidence of dysphagia secondary to loco-regional 
tumor recurrence based on route of reconstruc-
tion. One retrospective study evaluated patients 
who underwent potentially curative esophageal 
resection with PM reconstruction.9 The outcome 
of interest was intrathoracic tumor recurrence, as 
this patient group potentially may benefi t from 
esophageal reconstruction away from the origi-
nal tumor bed. Overall, 35% of patients (n = 209) 
had loco-regional recurrence. As expected, the 
most important predictors of recurrence included 
N1 and M1 disease (i.e., positive celiac nodes). 
Recurrence caused upper gastrointestinal symp-
toms in 22% of patients, and in 59% of this subset 
of patients the recurrence was intrathoracic. The 
authors estimated that in 13% of all patients 
undergoing curative esophagectomy, dysphagia 
from recurrent disease could have been prevented 
by using the RS route of reconstruction. They 
suggested RS reconstruction be considered after 
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incomplete resection (R1 or R2), or in the pres-
ence of positive celiac nodes.9

31.2.3. Gastric Emptying

One of the major goals of esophageal reconstruc-
tion is to create a conduit that closely resembles 
physiological foregut function. A number of 
studies have evaluated gastric emptying as an 
indirect measure of function of the transposed 
conduit.10,11,16–18 The most frequently utilized 
method for measuring gastric emptying has been 
radionuclide scintigraphy. In a prospective study 
of 35 patients with PM reconstruction, transit 
times for radiolabelled solids and liquids sug-
gested that the transposed stomach retained its 
gastric identity, rather than acting as an inert 
conduit.18 In most RCTs, gastric emptying was 
generally delayed more in patients who were 
reconstructed using the RS route10,11,16 although it 
is unclear whether or not these subtle differences 
are clinically signifi cant.

31.2.4. Swallowing Function

A variety of techniques have been used to assess 
swallowing as an objective outcome, and an 
attempt has been made to correlate results with 
body weight and scintigraphic studies of gastric 
emptying. Overall, no differences in swallowing 
have been demonstrated objectively when the 
route of reconstruction is considered.10,11

31.2.5. Quality of Life

Relatively few studies have specifi cally addressed 
quality of life for patients following esophagec-
tomy.10,19 In one retrospective study, no associa-
tion between route of reconstruction and quality 
of life was identifi ed,19 although this study did not 
evaluate patients with malignant disease. One 
RCT evaluating patients treated for esophageal 
malignancy reported the global quality of life 
score was slightly lower in patients who were 
reconstructed using the PM route, although this 
did not reach statistical signifi cance.10

31.2.6. Duodenogastroesophageal Reflux

The role of duodenogastroesophageal refl ux 
(DGR) as a risk factor for development of a colum-
nar epithelium-lined esophagus is well docu-

mented.20–22 After esophagectomy and gastric 
transposition, refl ux of duodenal and gastric con-
tents may contribute to the development of intes-
tinal metaplasia in the gastric conduit. This may 
have important consequences for selected patients 
with favorable prognosis after esophageal resec-
tion for cancer or for benign disease.

In a prospective, but nonrandomized study, 
Katsoulis and colleagues evaluated the effect of 
reconstruction route on DGR.23 Patients who 
underwent PM reconstruction had an increased 
percentage of refl ux time and an increased 
number of refl ux episodes regardless of body 
position or temporal relation to food ingestion. 
Exposure to bile was highest in patients with a 
PM reconstruction, and lowest when a RS route 
was used. The authors suggested consideration of 
RS reconstruction for patients predicted to have 
a long life expectancy in order to avoid the detri-
mental effects of DGR.

31.3. Impact on Clinical Practice

Based on published data, and as summarized 
in Table 31.2, there does not appear to be any 
convincing superiority of the PM route of 

TABLE 31.2. Levels of evidence and grades of recommendation 
for posterior mediastinal or retrosternal reconstruction following 
esophagectomy for cancer.

 Level of Grade of
Statement evidence recommendation

There is no difference in 1a– C
  operative mortality 
  between the two routes
There is no difference in 1a– C
  cardiopulmonary morbidity
  between the two routes
There is no difference in 1a– C
  anastomotic leak rates
  between the two routes
There is no difference in 1b– C
  anastomotic stricture rate
  between the two routes
There is no difference in late 1a A
  foregut function between 
  the two routes
There is no difference in 1b A
  quality of life between the 
  two routes

–, indicates inconclusive evidence based on wide confidence intervals 
which failed to exclude clinically important benefit or harm.
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reconstruction over the RS route, or vice versa. 
There are some limitations, however, in drawing 
conclusions based on this literature. In terms of 
assessing early outcomes, most of the RCTs 
reviewed were small and underpowered to detect 
potentially relevant differences between the two 
groups. Even when subjected to meta-analysis, the 
number of trials and patients was insuffi cient to 
specifi cally answer questions regarding the effect 
of route of reconstruction on perioperative com-
plications.12 Despite the fact that the relative risk 
point estimates tended to favor the PM route for 
some important outcomes, such as operative mor-
tality and cardiac and pulmonary morbidity, the 
confi dence intervals were wide and failed to 
exclude clinically important benefi t or harm. The 
same holds true for the complication of anasto-
motic leak, in which the point estimates favored 
RS reconstruction. It is for these reasons that only 
grade D recommendations could be assigned to 
these early outcome measures. Similarly, the 
overall grade D recommendation surrounding 
anastomotic stricture rates refl ects small patient 
numbers and wide confi dence intervals. The liter-
ature reviewed, however, does provide more defi n-
itive information with respect to the effect of route 
of reconstruction on other important late out-
comes. Systematic qualitative review appears to 
indicate that both the PM and RS routes provide 
similar late foregut function and quality of life, 
refl ected in an overall grade A recommendation.12

on the right gastroepiploic artery, and perform-
ing a cervical esophagogastric anastomosis using 
a left neck incision.24 Functional studies have 
consistently demonstrated satisfactory swallow-
ing long term with this technique of reconstruc-
tion.18,25 We currently reserve the RS route for 
delayed reconstruction of the upper gastrointes-
tinal tract when access to the posterior mediasti-
num is technically not possible. When using the 
RS approach, we feel it is essential to resect a 
portion of manubrium, left medial clavicle, and 
fi rst rib to ensure there is no compression on the 
transposed conduit at the thoracic inlet. In highly 
selected patients, we have had success utilizing a 
subcutaneous route to restore swallowing, with 
surprisingly good functional results. To date, we 
have no experience using the transpleural route 
of reconstruction.
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32
Postoperative Adjuvant Therapy for 
Completely Resected Esophageal Cancer
Nobutoshi Ando

32.1. Growth of Surgical Adjuvant 
Therapy for Resected Esophageal 
Cancer in Japan

Since 1978, the Japan Esophageal Oncology Group 
(JEOG), a subgroup of the Japan Clinical Oncol-
ogy Group (JCOG),5 has been developing adju-
vant therapies for esophageal squamous cell 
carcinoma (ESCC) using prospective, random-
ized, controlled trials. Regarding the histology of 
the tumors, squamous cell carcinoma comprises 
more than 90% of the patients with esophageal 
cancer in Japan. The second phase III study 
(JCOG82016 1981–1984) revealed that the 5-year 
survival in the postoperative irradiation group 
(50 Gy) was signifi cantly higher than that in the 
preoperative plus postoperative irradiation (30 + 
24 Gy) group (level of evidence 1b). The third 
phase III study (JCOG85037 1984–1987) was 
designed to compare postoperative irradiation 
(50 Gy) and postoperative combination chemo-
therapy with cisplatin and vindesine. This study 
revealed that there was no signifi cant difference 
in survival between the two groups (level of evi-
dence 1b). Although these results suggest that 
chemotherapy had an effect on survival equiva-
lent to postoperative irradiation, the results could 
also have been interpreted as demonstrating that 
neither postoperative chemotherapy nor irradia-
tion had an impact on survival when compared 
to surgery alone. Even though the postoperative 
irradiation regimen in the second and third 
studies were the same, the 5-year survival in the 
postoperative irradiation group in the third study 

The standard procedure for esophageal cancer 
resection among surgeons in Japan has been a 
transthoracic esophagectomy with lymphadenec-
tomy. Since the late 1980s, a three-fi eld lymphade-
nectomy including dissection in the neck, 
mediastinum, and abdomen for patients with 
cancer of the thoracic esophagus has become 
popular among Japanese esophageal surgeons 
seeking a more curative intent. The rationale for an 
extensive three-fi eld lymphadenectomy1 is based 
on the empirical intelligence accumulated from a 
conventional two-fi eld lymphadenectomy, namely 
a relatively high incidence of cervical nodal metas-
tases and cervical nodal recurrences. Therefore, 
cervical lymphadenectomy was added and an 
upper mediastinal lymphadenectomy was per-
formed thoroughly in keeping with the new phi-
losophy regarding aggressive surgical therapy.

Nonetheless, the 5-year survival rate of the 
patients with pathological stage IIa to IV squa-
mous cell carcinoma of the thoracic esophagus 
remains relatively modest at less than 40%.2 The 
surgical invasiveness of this procedure is 
approaching the limits of tolerability for patients, 
precluding even more aggressive surgery. There-
fore, to improve outcome for esophageal cancer 
patients, the development of effective multimo-
dality treatment is urgently required. In Western 
countries, preoperative (neoadjuvant) chemo-
therapy or chemoradiotherapy3,4 predominates. 
Japanese surgeons historically have preferred to 
wait until after surgery to avoid increasing opera-
tive morbidity, considering the invasiveness of 
transthoracic esophagectomy with extensive 
lymphadenectomy.
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(44%) was better than that in the second study 
(33%). This may be explained by improvements 
in the cervico-upper mediastinal lymphadenec-
tomy, which was developed during the period of 
the third study.

Following the surgical improvements, it again 
became important to study whether adjuvant che-
motherapy following optimal surgery had any 
additional impact on survival. The fourth phase III 
study (JCOG88068) was thus designed to compare 
surgery alone with surgery plus postoperative che-
motherapy with cisplatin and vindesine.

32.2. Postoperative Adjuvant 
Chemotherapy with Cisplatin and 
Vindesine for Resected Esophageal 
Squamous Cell Carcinoma

In JCOG8806, a total of 205 patients with stage 
I to IV esophageal squamous cell carcinoma 
underwent transthoracic esophagectomy with 
lymphadenectomy between December 1988 and 
July 1991 at 11 institutions. These patients were 
randomized into a surgery alone group (100 
patients) and a surgery plus chemotherapy group 
(105 patients). The surgery plus chemotherapy 
group received two courses of cisplatin (70 mg/m2) 
and vindesine (3 mg/m2). This is the same postop-
erative chemotherapy regimen used in the third 
phase III study. While the chemotherapy doses 
were low by Western standards, there was only one 
treatment-related death in the surgery plus che-
motherapy group. Therefore, the chemotherapy 
dose was consistent with general policies in Japan.

The 5-year survival rate was 45% with surgery 
alone, and 48% with surgery plus chemotherapy 
(Figure 32.1). There were no statistically signifi -
cant differences in survival between two groups 
(log-rank, p = 0.55), even with lymph node strati-
fi cation, pN0 or pN1. Based on these data, it was 
concluded that postoperative adjuvant chemo-
therapy using cisplatin and vindesine has no 
additive effect on survival in patients with ESCC 
compared to surgery alone (level of evidence 1b).

32.3. Postoperative Adjuvant 
Chemotherapy with Cisplatin and 
Fluorouracil for Resected Esophageal 
Squamous Cell Carcinoma

The JEOG phase II study of cisplatin and vinde-
sine for patients with advanced esophageal cancer 
(JCOG8703)9 suggested that the chemotherapy 
used in the above JCOG 8806 study had only a 
modest effect (level of evidence 3b). In contrast, 
a JEOG phase II study (JCOG8807)10 of cisplatin 
and 5-fl uorouracil demonstrated a promising 
response rate of 36% (level of evidence 3b). We 
therefore initiated a randomized, controlled trial 
(JCOG9204)11 to determine whether postopera-
tive adjuvant chemotherapy using a combination 
of cisplatin and 5-fl uorouracil has an additive 
effect on disease-free survival and overall sur-
vival in patients with stage IIa, IIb, III, or IV due 
to M1 esophageal squamous cell carcinoma.

Patients undergoing transthoracic esophagec-
tomy with lymphadenectomy between July 1992 
and January 1997 at 17 institutions were random-
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FIGURE 32.1. Overall survival curves of all registered 
patients randomized to surgery alone or surgery 
and postoperative chemotherapy with cisplatin and 
vindesine. The 5-year overall survival was 45% in 
patients with surgery alone and 48% in patients with 
surgery plus chemotherapy (p = 0.55).
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ized to receive surgery alone or surgery plus che-
motherapy. Chemotherapy included two courses 
of cisplatin (80 mg/m2/1 day) and 5-fl uorouracil 
(800 mg/m2/5 days) within 2 months after surgery. 
Eligible patients were stratifi ed according to 
lymph node status (pN0 vs. pN1). The primary 
endpoint was disease-free survival. Of the 242 
patients, 122 were assigned to surgery alone, and 
120 to surgery plus chemotherapy. In the surgery 
plus chemotherapy group, 91 patients (75%) 
received both full courses of chemotherapy; grade 
3 or 4 hematologic or nonhematologic toxicities 
were limited. The 5-year disease-free survival 
rate was 45% with surgery alone, and 55% with 
surgery plus chemotherapy (one-sided log-rank, 
p = 0.037; Figure 32.2). In the pN0 subgroup, the 
5-year disease-free survival was 76% in surgery 
alone group and 70% in surgery plus chemother-
apy group (p = 0.433). In the pN1 subgroup, it was 
38% in surgery alone group and 52% in surgery 
plus chemotherapy group (p = 0.041; Figure 32.3). 
Mortality risk reduction by postoperative chemo-
therapy was remarkable in the subgroup with 

lymph node metastases. The 5-year overall sur-
vival rates were 52% and 61% respectively (p = 
0.13; Figure 32.4).

We found that disease-free survival in the 
surgery-plus-chemotherapy arm was superior to 
that with surgery alone with marginal statistical 
signifi cance even though no difference was shown 
for overall survival. We can offer two hypotheses 
to explain the divergence between disease-free 
survival and overall survival. One is the effect of 
imbalance in extent of lymphadenectomy between 
the arms. The other is the sham of overall survival 
data. We believe that the difference in disease-
free survival between the two study arms proba-
bly resulted from eradication of intranodal and 
perinodal micrometastatic disease by chemo-
therapy. The benefi t of chemotherapy for overall 
survival was diluted by subsequent therapy given 
after recurrence, for example, chemoradiother-
apy or extirpation of lymph nodes. We favor this 
second hypothesis and consider disease-free sur-
vival prolongation by adjuvant chemotherapy to 
refl ect the true patient benefi t.
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100FIGURE 32.2. Disease-free survival curves of all 
registered patients randomized to surgery alone or 
surgery and postoperative chemotherapy with cisplatin 
and 5-fluorouracil. The 5-year disease-free survival was 
45% in patients with surgery alone and 55% in patients 
with surgery plus chemotherapy (p = 0.037).
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FIGURE 32.3. Disease-free survival curves 
of all registered patients randomized to 
surgery alone or surgery and postopera-
tive chemotherapy with cisplatin and 5-
fluorouracil. stratified by nodal status. In 
the pN0 subgroup, the 5-year disease-free 
survival was 76% in surgery alone group and 
70% in surgery plus chemotherapy group 
(p = 0.433). In the pN1 subgroup, it was 38% 
in surgery alone and 52% in surgery plus 
chemotherapy (p = 0.041).
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On the basis of these data, we concluded that 
postoperative adjuvant chemotherapy with cis-
platin and 5-fl uorouracil has a detectable preven-
tive effect on relapse in patients with ESCC 
compared with surgery alone. Accordingly, the 
present standard modality for stage II and III 
ESCC in Japan is transthoracic esophagectomy 
with extensive lymphadenectomy followed by 
chemotherapy with cisplatin and fl uorouracil 
(level of evidence 1b; recommendation grade A). 
In the future we need to know the optimal time 
for giving effective adjuvant chemotherapy, 
and a randomized, controlled trial comparing 
postoperative adjuvant chemotherapy with neo-
adjuvant chemotherapy using cisplatin and 5-
fl uorouracil is ongoing (JCOG9907).

based review. The French Association for Surgi-
cal Research performed a randomized controlled 
trial12 comparing surgery alone with postopera-
tive adjuvant chemotherapy using cisplatin and 
5-fl uorouracil for patients with ESSC. Before ran-
domization, they stratifi ed 120 patients into two 
strata, curative complete resection and palliative 
resection leaving macroscopic or microscopic 
tumor tissue. Chemotherapy consisted of a 
maximum of eight courses (minimum six courses) 
of cisplatin (80 mg/m2/1 day or 30 mg/m2/5 days) 
and 5-fl uorouracil (1000 mg/m2/5 days) within 
1.5 months after surgery. Overall survival was 
similar between two groups with almost identical 
medians of 13 months in adjuvant chemotherapy 
group (52 patients) and 14 months in surgery 
alone group (68 patients). The survival curves 
with and without chemotherapy were similar in 
stratum of curative resection, with identical 
median of 20 months, and in stratum of palliative 
resection, with identical median of 9 months. 
On the basis of these data, they concluded that 
cisplatin and 5-fl uorouracil are not useful for 
patients with ESCC who have not undergone 
curative resection (level of evidence 1b).

Armanios and colleagues carried out a multi-
center phase II trial13 of postoperative paclitaxel 
and cisplatin in patients with R0 resected, patho-
logical T2N1 to T3–4 Nany adenocarcinoma of 
the distal esophagus, gastro-esophageal junc-
tion, or gastric cardia. Postoperative chemother-
apy consisted of four cycles of paclitaxel 
(175 mg/m2) followed by cisplatin (75 mg/m2) 
every 21 days. Fifty-nine patients were recruited 
from 20 centers. Two-year survival was 60%, and 
they compared this with their historic control 
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patients randomized to surgery alone or surgery and 
postoperative chemotherapy with cisplatin and 5-
fluorouracil. The 5-year overall survival was 52% in 
patients with surgery alone and 61% in patients with 
surgery plus chemotherapy (p = 0.13).

The present standard modality for stage II and 
III esophageal squamous cell cancer in Japan 
is transthoracic esophagectomy with exten-
sive lymphadenectomy followed by chemo-
therapy with cisplatin and fl uorouracil (level 
of evidence 1b; recommendation grade A).

32.4. Study of Adjuvant 
Chemotherapy Reported from 
Western Countries

As mentioned before, preoperative (neoadjuvant) 
chemotherapy or chemoradiotherapy predomi-
nates in the Western countries, and only the fol-
lowing studies regarding postoperative adjuvant 
chemotherapy are available from a literature-
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value with surgery alone of 38%. They concluded 
that adjuvant paclitaxel and cisplatin may 
improve survival in completely resected patients 
with locally advanced adenocarcinoma of the 
distal esophagus, GE junction, and cardia (level 
of evidence 3).

32.5. Postoperative Radiotherapy

Preoperative radiotherapy had been the standard 
treatment for patients with ESSC until the early 
1980s in Japan. Based on the result of an above-
mentioned randomized controlled trial, in which 
the 5-year survival rate of postoperative irradia-
tion (50 Gy) group was signifi cantly higher than 
that in the preoperative plus postoperative irra-
diation (30 + 24 Gy) group, thereafter postopera-
tive radiotherapy took the place of preoperative 
radiotherapy. In order to determine whether 
postoperative radiotherapy had an additive effect 
on survival of patients who underwent esopha-
gectomy, randomized, controlled trials were 
carried out. French Associations for Surgical 
Research performed a randomized, controlled 
trial14 comparing surgery alone with surgery fol-
lowed by radiotherapy of 45 to 55 Gy for patients 
with ESSC. The median survival time was almost 
identical to 13 months in surgery alone group 
(119 patients) and in postoperative radiotherapy 
group (102 patients). They concluded that post-
operative radiotherapy did not improve survival, 
and this lack of improvement in survival was 
present regardless of lymph node status (level of 
evidence 1b). In another randomized, controlled 
trial15 comparing surgery alone with surgery (fol-
lowed) by radiotherapy for patients with both 
ESSC and adenocarcinoma, 130 patients were 
stratifi ed into two subgroups: resection (60 
patients) and palliative resection (70 patients). 
Radiation dose to the target volume was 49 Gy 
after curative resection and 52.5 Gy after pallia-
tive resection. The median survival time in post-
operative radiotherapy group (65 patients) was 
8.7 months, which was shorter than 15.2 months 
for surgery alone group (65 patients). On the basis 
of these data, they concluded that the role of post-
operative radiotherapy is limited to a specifi c 
group of patients with residual tumor in the 
mediastinum after operation (level of evidence 

1b). Postoperative radiation therapy is appropri-
ate in the specifi c group of patients with an R0 
resection of squamous cell esophageal cancer 
with a T4 tumor invading the tracheobronchial 
tree or the aorta and with bulky N1 disease abut-
ting neighboring structures (recommendation 
grade A).
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33
Celiac Lymph Nodes and Esophageal Cancer
Thomas W. Rice and Daniel J. Boffa

consensus regarding evaluation of celiac lymph 
nodes, their infl uence on management, or their 
impact on survival. The literature contains only 
retrospective reports of clinical experiences (level 
of evidence 2– or 3). Does the literature support 
the M1a classifi cation for esophageal cancer?

33.1. Celiac Lymph Nodes and 
Their Identification

The celiac artery arises from the anterior wall of 
the aorta as the aorta exits the aortic hiatus to 
enter the abdomen. It lies just below the esopha-
geal hiatus at the superior border of the pancreas. 
This stubby, retroperitoneal artery, or celiac 
trunk, is 1 cm to 2 cm long and arises as a single 
artery in more than 98% of patients. Celiac lymph 
nodes lie around the celiac artery, deeply buried 
in an almost tunnel-like retroperitoneal location 
high in the epigastrium (Figure 33.1). Their loca-
tion makes accessibility diffi cult, particularly in 
the obese patient.

The celiac artery, or celiac axis, immediately 
trifurcates into left gastric, hepatic, and splenic 
arteries in more than 85% of patients. Each has 
associated regional lymph nodes. This close, 
compact anatomy of arteries and lymph nodes 
and diffi cult celiac lymph node accessibility may 
result in misidentifying a left gastric lymph node 
(station 17, N1 classifi cation) or a splenic or 
hepatic lymph node (station 18 and 19, M1b clas-
sifi cation) as a celiac lymph node (station 20, M1a 
classifi cation) or vice versa (Figure 33.2). The 
lesser and greater omentum and transverse 

Celiac lymph nodes are considered a distant met-
astatic site (M1) in esophageal cancer. The M1a 
subclassifi cation is recommended for distal 
thoracic esophageal cancer metastatic to celiac 
lymph nodes.1 This suggests that although these 
cancers are beyond cure, they are different from 
esophageal cancers with other sites of distant 
metastases (M1b). Of 46 disease sites for which 
the American Joint Committee on Cancer (AJCC) 
has staging recommendations, only 7 (15%) 
require subdivision of M1: 2 with 3 subclassifi ca-
tions (M1a, M1b and M1c) – cutaneous melanoma 
and prostate; and 5 with 2 subclassifi cations (M1a 
and M1b) – bone, retinoblastoma, testis, gesta-
tional trophoblastic tumor, and esophagus. Only 
prostate, testis, and esophagus designate nonre-
gional nodes as M1a. However, 12 (26%) disease 
sites have stage IV subgroupings: lip and oral 
cavity, pharynx, larynx, nasal cavity and parana-
sal sinuses, major salivary glands, thyroid, vulva, 
vagina, cervix, corpus uteri, gestational tropho-
blastic tumor, and esophagus. Lymph node 
metastases are designated as stage IVA for head 
and neck cancers (regional), vulva (regional), and 
esophagus (nonregional). Are these unique sub-
classifi cations and subgroupings warranted for 
esophageal cancer?

These staging dichotomies in esophageal 
cancer patients with the worst prognosis are con-
sidered needless and counterproductive by many 
physicians. Yet, some highly selected M1a (stage 
IVA) patients respond to treatment and are cured. 
Thus, there is considerable controversy surround-
ing the clinical importance of celiac lymph node 
status in esophageal cancer. Currently, there is no 
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mesocolon lie close to or over the celiac artery. 
Layering of these fatty planes on the celiac artery 
allows regional gastric or colonic lymph nodes to 
be situated near celiac lymph nodes, potentiating 
misidentifi cation. Problems with location and 
identity may occur at laparotomy, laparoscopy, or 
endoscopic ultrasonography. The relationship 
between nodal stations can be altered with patient 
positioning, noninvasive staging technique, sur-
gical approach, or routine handling of the resec-
tion specimen in the pathology laboratory. The 
anatomy of the celiac region facilitates inconsis-

tent identifi cation of celiac lymph nodes. When 
making comparison between reports of staging 
modalities, treatment protocols, and outcome of 
therapy it is important to keep in mind that 
reported differences may be due to misidentifi ca-
tion or incorrect staging of celiac lymph nodes.

Misclassifi cation can occur due to inconsisten-
cies in staging guidelines for distal esophageal 
and proximal gastric cancers and diffi culties 
identifying the origin of a tumor. It may be prob-
lematic to determine if a cancer involving the 
esophagogastric junction is a proximal gastric 
cancer or a distal esophageal cancer. For lesser 
curve gastric cancers, celiac lymph nodes are 
region lymph nodes. Depending on the number 
of metastatic regional nodes, a patient with a high 
lesser curve gastric cancer with esophageal inva-
sion and celiac lymph node metastasis may have 
N1 (depending upon T and M, stage grouping IB, 
II, or IIIA), N2 (depending upon T and M, stage 
grouping II, IIIA, or IIIB), or N3 (stage grouping 
IV) cancer.1 If this tumor is misinterpreted as 
distal thoracic esophageal cancer, it is an M1a 
(stage grouping IVA) cancer.

With careful dissection around the celiac 
artery, one to three celiac lymph nodes and two 
to three left gastric nodes can be retrieved.2,3 
Reported in surgical series, overall prevalence of 
celiac lymph node metastases is between 15% and 
20%.2,4–8 Several factors infl uence the likelihood 
of fi nding celiac lymph nodes metastases at resec-
tion. Cancer location within the esophagus is 

A

B

FIGURE 33.1. (A) The celiac artery (arrow) exposed via a left-
thoracoabdominal incision. The stomach is retracted superiorly 
after mobilization of the greater curve and the pancreas retracted 
inferiorly. The left gastric (G), splenic (S), and hepatic (H) arteries 
are dissected and their associated regional lymph nodes removed. 
Celiac lymph nodes lie about the short retroperitoneal celiac 
artery. (B) Graphic depiction of the anatomy. Reprinted with 
permission of the Cleveland Clinic Foundation.

FIGURE 33.2. The celiac artery, its branches, and associated 
lymph nodes: 16 paracardial, 17 left gastric, 18 hepatic, 19 splenic, 
and 20 celiac. Reprinted with permission of the Cleveland Clinic 
Foundation.
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important. For squamous cell carcinomas in the 
middle esophagus, the prevalence is 4.4% and 
increases to 21.2% for tumors of the distal esoph-
agus.9 As with regional nodal beds, more advanced 
T classifi cation (≥T3) is associated with a higher 
prevalence of celiac lymph node metastases.6,10,11 
In patients with adenocarcinoma, the prevalence 
of celiac lymph node metastases increases with 
the number of regional lymph node metastases, 
reaching 65% in patients with six or more posi-
tive regional nodes.12 Celiac lymph node metas-
tases in the absence of regional lymph node 
metastases is uncommon, skip metastases occur-
ring in about 5% of patients.12 Of 70 patients 
undergoing esophagectomy with radical lymph-
adenectomy, 76% recurred but only 5% developed 
celiac lymph node recurrences.3

33.2. Staging Celiac Lymph Nodes

Computerized tomography (CT) relies on lymph 
node size to diagnose metastases (Figure 33.3). 
Clinical staging of celiac lymph nodes by helical 
CT scanning is reported to be 53% sensitive [95% 
confi dence interval (95% CI), 28%–79%], 86% 
specifi c (95% CI, 73%–99%), 67% positively pre-
dictive (95% CI, 40%–93%), and 77% negatively 
predictive (95% CI, 63%–92%).13 Sensitivity of 
CT for celiac lymph node metastases has been 
reported as low as 8%.14 For celiac lymph nodes 

this clinical staging tool is both insensitive in 
screening and of poor positive predictive value in 
clinical decision making. Despite its poor perfor-
mance in assessment of celiac lymph nodes, CT 
is an integral part of clinical staging of esopha-
geal cancer, particularly when fused with posi-
tron emission tomography (PET).

Positron emission tomography is superior to 
CT in detecting distant metastases in patients 
with esophageal cancer; however, assessing celiac 
lymph nodes is problematic because of proximity 
of the primary tumor to the celiac lymph nodes, 
despite the “distant” staging status of these nodes 
(Figure 33.4). In 42 clinically staged operable 
patients with adenocarcinoma of the esophagus 

FIGURE 33.3. Computed tomography of the abdomen 
demonstrates an large celiac lymph node (arrow). Multiple 
hepatic metastases are also seen.

A

B

FIGURE 33.4. Computed tompgraphy PET demonstrates (A) a 
hypermetabolic mass at the esophagogastric junction and (B) a 
hypermetabolic celiac lymph node which is difficult to differentiate 
from the primary tumor.
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or esophagogastric junction, 4 patients were 
found to have metastases to celiac lymph nodes 
and 2 to para-aortic lymph nodes that were not 
detected by PET.15 This fi nding prompted the 
authors to conclude that “the diagnostic value of 
PET in staging of adenocarcinoma of the esopha-
gus and esophagogastric junction is limited 
because of low accuracy in staging para-tumoral 
and distant lymph node metastases.”

Endoscopic esophageal ultrasound (EUS) is 
useful in staging celiac lymph nodes because it 
can provide both clinical and pathologic staging. 
At EUS evaluation, metastatic lymph nodes typi-
cally appear as large (>1 cm in diameter), round, 
well demarcated, homogeneously hypoecohic, 
and in close proximity to the primary tumor 
(Figure 33.5). Using the fi rst four of these criteria, 

EUS was 83% sensitive, 98% specifi c, 91% posi-
tively predictive, and 97% negatively predictive 
in 149 patients with pathological confi rmation of 
celiac nodal status.16 Eloubeidi and colleagues17 
reported that EUS in 211 patients was 77% (95% 
CI, 67–88) sensitive, 85% (95% CI, 74–96) specifi c, 
89% (95% CI, 81–97) positively predictive, and 
71% (95% CI, 58–84) negatively predictive in 
detecting celiac lymph node metastases. Tumor 
location may play a role in the ability of EUS to 
detect celiac nodal metastases. Heeren and col-
leagues18 reported that EUS assessment of celiac 
lymph node metastases was better in esophageal 
tumors than esophagogastric junctional tumors 
(93% vs. 63%, p < 0.001).

Endoscopic evaluation of celiac lymph nodes 
has prognostic signifi cance. The ability to detect 

A
B

C

FIGURE 33.5. (A) Endoscopic esophageal ultrasound view 
obtained from the stomach of the aorta (AO), celiac artery (CA), 
and a lymph node (LN). The lymph node is indeterminate by EUS. 
Although it is round, well demarcated, and hypoechoic, it is small 
(<1 cm in diameter). (B) Graphic depiction of the anatomy. (C) 
EUS-FNA of the lymph node (?, celiac lymph node). The fine 
needle can be seen entering the lymph node, the aspirate was 
cytologically diagnostic for metastatic adenocarcinoma. Reprinted 
with permission of the Cleveland Clinic Foundation.
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a celiac lymph node (any node >5 mm) by EUS 
was associated with a poorer outcome: 13% (95% 
CI, 5%-21%) 5-year survival in patients with a 
detectable celiac lymph node versus 30% (95% CI, 
21%–40%; p = 0.007) in those without.19 Size of 
celiac lymph nodes measured at EUS is also pre-
dictive of survival. Median survival of patients 
with celiac lymph nodes >2 cm was 13.5 months 
compared to 7 months for nodes >2 cm.20

Endoscopic esophageal ultrasound – directed 
fi ne-needle aspiration (EUS-FNA) differs from 
CT and PET, which are purely clinical staging 
tools. If performed correctly, that is, location and 
technique (a clean biopsy channel and an uncon-
taminated needle passed into the lymph node in 
an area removed from the tumor; Figure 33.5), a 
pathological assessment of celiac lymph nodes 
can be obtained. Eloubeidi and colleagues19 
reported EUS-FNA possible in 94% of patients 
with EUS-identifi ed celiac lymph nodes. EUS-
FNA was 98% (95% CI, 90–100) accurate, 98% 
(95% CI, 88–99) sensitive, 100% (95% CI, 48–100) 
specifi c, 100% (95% CI, 92–100) positively predic-
tive, and 83% (95% CI, 36–99) negatively predic-
tive for celiac lymph node metastases. Univariable 
risk factors for celiac lymph node metastases 
were (1) EUS detection of cT3 or cT4 cancer with 
4.8 (95% CI, 1.8–12.6) times the risk of cT1 or cT2 
tumors; (2) need for dilation to permit EUS 
examination with 2.6 (95% CI, 0.95–7.3) times the 
risk of patients not requiring dilation; (3) EUS 
detection of cN1 with 2.43 (95% CI, 1.03–5.74) 
times the risk of cN0; and (4) African-American 
patients with 1.38 (95% CI, 1.03–1.86) times the 
risk of white patients. However, multivariable 
analysis only identifi ed increasing cT associated 
with celiac lymph node metastases.

Parmar and colleagues21 have used EUS-FNA 
to direct therapy. Twenty-three of 40 patients 
(58%) had at least one EUS characteristic of a 
positive celiac lymph node. In 18 of 20 patients, 
EUS-FNA of the celiac axis was positive. The two 
patients who were negative underwent surgery 
and were confi rmed M0; the 18 patients diag-
nosed M1a received defi nitive chemoradiother-
apy. Computed tomography scan detected only 6 
of the 20 (30%) EUS-detected celiac lymph nodes. 
Of these, 5 were M1a and 1 was M0.

Minimally invasive staging of esophageal 
cancer using video-assisted thoracic surgery 

(VATS) and laparoscopy has been technically fea-
sible in over 70% of patients.22 In a population 
containing roughly two thirds adenocarcinomas 
and one third squamous cell carcinomas, celiac 
nodal metastases were identifi ed in 27% of 
patients. In an earlier study, the sensitivity of 
laparoscopy for celiac lymph node metastases 
was 14%, specifi city was 100%, and overall accu-
racy 94%.9 Considerations with laparoscopy are 
time and cost. A laparoscopic assessment in com-
bination with a thoracoscopic evaluation is 2 to 3 
hours.8,9 Cost of the procedure depends on 
number of biopsies and length of hospital stay. 
Average cost is between $20,000 to $25,000.23

Because celiac lymph nodes are not easily 
accessible at laparoscopy, Stein and colleagues24 
used laparoscopic ultrasound (LUS) in clinical 
staging. They reported 67% sensitivity and 92% 
specifi city of LUS in predicting celiac lymph node 
metastases. Loss of pathological staging and need 
for laparoscopy to perform ultrasound make this 
procedure unattractive.

33.3. Treatment for Celiac Lymph 
Node Metastases

The published results of treatment of esophageal 
cancer with celiac lymph node metastases dem-
onstrate the poor outcome with surgery. Akiyama 
and colleagues5 were the fi rst to bring attention 
to the importance of celiac lymph node metasta-
ses in planning treatment of esophageal cancer 
patients. In patients with squamous cell carci-
noma, they reported an 18% 5-year survival in 31 
patients with celiac lymph node metastases 
treated with resection and three-fi eld lymphade-
nectomy and 49% in 162 patients without celiac 
lymph node metastases (p < 0.001; level of evi-
dence 3). Using en bloc esophagectomy in 16 
patients with adenocarcinoma of the esophagus 
and celiac lymph node metastases, Hagan and 
colleagues6 reported a 28% 5-year survival (level 
of evidence 3). Hulsher and colleagues4 treated 
patients with both adenocarcinoma and squa-
mous cell carcinoma of the esophagus with tran-
shiatal esophagectomy and no formal lymph 
node dissection. They reported a median sur-
vival of 1.5 years (95% CI, 0.5–2.5), however, 
lymph nodes within 1 cm of the origin of the left 
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gastric artery were considered to be celiac lymph 
nodes (level of evidence 3). Clark and associates2 
reported that survival of nine patients with celiac 
lymph node metastases was not different from 
those without, but 67% had cancer recurrence at 
18 months. These fi ndings led them to conclude 
that “although most patients with celiac node 
metastases have recurrences, celiac metastases 
did not preclude long-term survival, as two 
patients survived 56 and 68 months” (level of 
evidence 3).

Frizzell and colleagues25 reported treating 13 
patients with distant metastases limited to celiac 
lymph nodes. Five received defi nitive chemora-
diotherapy, fi ve received induction chemoradio-
therapy followed by surgery, and three received 
combined preoperative and postoperative che-
motherapy and radiotherapy. One and 2-year 
survival in this group was 85% and 55%, respec-
tively. In this small group of patients early sur-
vival was not different from their 11 N0M0 and 
23 N1M0 patients treated predominately with 
defi nitive chemoradiotherapy (level of evidence 
3).

Our experience at the Cleveland Clinic Foun-
dation with esophageal carcinoma patients with 
celiac lymph node metastases has been disap-
pointing.26 In 36 patients with M1a esophageal 
carcinoma, 32 (92%) of whom had distal esopha-
geal adenocarcinoma, median and 5-year sur-
vival was 11 months and 6%. Although this 
outcome was statistically better than patients 
with M1B disease (5 months and 2%, p = 0.001), 
it was clinically insignifi cant (level of evidence 3). 
No difference was noted in patients with celiac 
lymph node metastases whether or not they 
underwent surgery (p = 0.02). Patients receiving 
chemotherapy and/or radiotherapy did 2.2 times 
better than those who did not (p < 0.001). With 
no survival in 26 patients with celiac lymph 
node metastases at 5 years after esophagectomy, 
we proposed that the current M1a subclassifi ca-
tion was not warranted (level of evidence 3).27 
Patients with celiac lymph node metastases have 
the poorest survival of any resected stage group-
ing and carry a prognosis not different from 
those patients with other distant metastatic 
disease (M1b), three or more regional lymph 
node metastases (proposed N2), or T4N1M0 
cancers.27

33.4. Conclusions and 
Recommendations

This literature does not support the M1a classifi -
cation for esophageal cancer with celiac lymph 
node metastases. Therefore, the unique subclas-
sifi cation M1a and subgroupings IVA are not war-
ranted (evidence level 2– to 3; recommendation 
grade D).

Clinical staging of all patients with esophageal 
cancer should include CT/PET and EUS. Any 
accessible, abnormal lymph node identifi ed by 
EUS evaluation should be subject to EUS-FNA. 
All suspicious celiac lymph nodes must be aspi-
rated transgastrically. It is the endoscopist’s and 
surgeon’s responsibility to assure that the node 
sampled is truly a celiac node.

The clinical or pathological fi nding of celiac 
lymph node metastases is ominous. Rarely will a 
patient be cured with surgery alone. Chemora-
diotherapy is crucial for improved survival. In a 
protocol setting, this may be administered pre-
operatively followed by surgery, but the patient 
must be aware that the treatment is experimen-
tal. If unsuspected celiac lymph node metastases 
are found at surgery and the cancer is otherwise 
resectable, the operation should be completed 
and the patient considered for postoperative 
adjuvant chemoradiotherapy (level of evidence 3; 
recommendation grade D).28–30

The unique subclassifi cation M1a and sub-
groupings IVa and IVb are not warranted 
(level of evidence 2– to 3; recommendation 
grade D).

The fi nding of celiac lymph node meta-
stases is ominous and chemoradiotherapy is 
crucial for improved survival. This may be 
administered preoperatively followed by 
surgery, but this treatment is experimental. If 
unsuspected celiac lymph node metastases 
are found at surgery and the cancer is other-
wise resectable, the operation should be 
completed and the patient considered for 
postoperative adjuvant chemoradiotherapy 
(level of evidence 3; recommendation grade 
D).
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34
Partial or Total Fundoplication for 
Gastroesophageal Reflux Disease in the 
Presence of Impaired Esophageal Motility
Jedediah A. Kaufman and Brant K. Oelschlager

erly powered randomized trials differentiating 
outcomes for patients undergoing fundoplication 
in the setting of impaired esophageal peristalsis 
do not exist. Objective data is also missing in 
most studies. Postoperative manometry and pH 
studies are rarely performed in suffi cient numbers 
for adequate comparison, and are more often 
done in patients with recurrent or persistent 
problems, thus potentially skewing the results. 
Still, there are some good studies published 
recently that can help answer the question: partial 
or total fundoplication for GERD in the presence 
of impaired esophageal motility?

Oleynikov and others compared PF and TF 
outcomes in patients with defective peristalsis 
[defi ned as distal esophageal amplitude (DEA) 
<40 mm Hg in >70% of swallows].1 Eighty-six 
patients were studied, 39 underwent PF and 57 
underwent TF. No patient in the TF group devel-
oped new dysphagia. In fact, preoperative dys-
phagia among all TF patients greatly improved. 
There were inferior results in the PF group, as 
existing dysphagia failed to signifi cantly improve 
after operation. Heartburn improved after both 
PF and TF, although TF provided much better 
control of refl ux. While both groups experienced 
a signifi cant improvement in the objective control 
of GERD, there were lower levels of acid exposure 
in the TF group on pH monitoring. The DeMeester 
scores in the TF group decreased from a median 
of 57.1 preoperatively to 6.3 postoperatively, com-
pared to 72.3 preoperatively to 11.3 postopera-
tively for the PF group. Interestingly, postoperative 
manometry demonstrated a signifi cant increase 
in amplitude of esophageal peristalsis in the TF 

Anti-refl ux surgery has evolved greatly in the last 
15 years as a durable, viable, and safe option 
for treatment of gastroesophageal refl ux disease 
(GERD), mainly due to the advent of minimally 
invasive techniques. The debate regarding partial 
fundoplication (PF) versus total fundoplication 
(TF) for patients with defective peristalsis and 
GERD has evolved as well. Nissen fundoplication 
is by far the most common fundoplication tech-
nique used for many decades. However, many 
surgeons prefer a PF in patients with defective 
peristalsis. This tailored approach developed due 
to the logical, but unproven, theory that dyspha-
gia is more likely when impaired esophageal peri-
stalsis fails to propel a swallowed bolus across a 
360° fundoplication (or TF). Recent literature has 
challenged this notion, suggesting that TF is not 
more likely to cause dysphagia than PF. More-
over, there is evidence that PF provides inferior 
control of refl ux compared with TF, thus tailor-
ing may be to the detriment of refl ux control.

We will consider the evidence for performing 
a partial fundoplication in patients with impaired 
peristalsis, as well as any differences in postop-
erative dysphagia and the ability of TF or PF to 
control GERD.

34.1. Detailed Review of Key Studies

The literature on anti-refl ux surgery for patients 
with defective peristalsis has several inherent 
problems. There are no standard defi nitions for 
defective and normal peristalsis, and techniques 
and types of TF and PF vary widely. Large, prop-
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group from 30.6 mm Hg to 49.0 mm Hg postfundo-
plication. While the peristaltic amplitudes 
increased in the PF patients (27.7 mm Hg to 
35.6 mm Hg, p = ns), this change was not statisti-
cally signifi cant. The sample size in this study is 
moderate, but the results are compelling. The 
study looks at specifi c outcomes of laparoscopic 
partial versus total fundoplication to answer spe-
cifi c questions regarding dysphagia, GERD symp-
toms, and requirements for invasive or operative 
treatment for complications or recurrence of 
symptoms. The study suggests that TF be used in 
all patients regardless of peristaltic quality (level 
of evidence 4). However, patients with true aperi-
stalsis, such as those with scleroderma, may still 
be candidates for partial fundoplication.

Patti and others compared their experience 
with a tailored approach (1992–1999) to their 
more recent nontailored approach (2000–2002).2 
With the tailored approach they had more refl ux 
(15% TF vs. 33% PF) and the same amount of 
dysphagia (11% TF vs. 8% PF). In patients with 
defective peristalsis (55), early dysphagia occurred 
in 5 (9%), resolving in 3 patients after an average 
of 5 months (3–6 months) and after dilation in 2 
patients. No patient in either group required 
operation or had residual dysphagia after dila-
tion. There was no difference in rates of dyspha-
gia, dysphagia scores, lower esophagael sphincter 
(LES) length, amplitude of peristaltic waves, 
medication requirements, or re-operations 
between TF and PF. There were differences in the 
competency of the cardia, as TF resulted in better 
relief of heartburn, increased LES pressure, and 
lower DeMeester scores. In the subsequent period 
of time when the tailored approach was aban-
doned, routine TF resulted in superior objective 
and subjective control of GERD, while dysphagia 
rates did not increase. The authors suggest that a 
tailored approach should be abandoned in favor 
of routine TF (level of evidence 4). The large 
sample size and excellent comparison of both 
defective peristalsis patients undergoing PF and 
TF as well as normal peristalsis patients undergo-
ing TF allows proper analysis of outcomes of new 
dysphagia and recurrent GERD symptoms.

Rydberg and others randomized one hundred 
and six patients to PF or TF irrespective of their 
preoperative esophageal peristalsis characteris-
tics.3 Sixty-seven patients had defective peristal-

sis (defi ned as DEA ≤30 mm Hg, failed primary 
peristalsis, or >20% simultaneous contractions). 
Of the patients with defective peristalsis, 34 
underwent TF and 33 PF. Follow-up for these 
patients was at least 3 years. Overall, dysphagia 
incidence decreased from 20% preoperatively 
to 8% postoperatively at a minimum of 3-year 
follow-up. No difference in symptoms was found 
postoperatively between those receiving PF and 
TF. There were fewer patients with hyperfl atu-
lence after PF than TF (23 vs. 58). The authors 
concluded that tailoring antirefl ux surgery based 
on preoperative esophageal motor function was 
not supported (level of evidence 2b). This is a 
well-designed trial with 3 years minimum follow-
up. Although only a small sample size was 
reported, the results are reproducible in many 
other similar-sized studies. The authors specifi -
cally analyzed their data utilizing several methods 
and were still unable to fi nd correlations between 
outcomes, peristalsis, and type of fundoplica-
tion. The length of follow-up strengthens the con-
clusions that tailoring anti-refl ux surgery to 
peristaltic quality is unfounded.

In a well-designed, short-term prospective, 
randomized trial, Zornig and others evaluated 
200 consecutive patients undergoing anti-refl ux 
surgery.4 They were not selected according to 
their esophageal motility; however, patient out-
comes were analyzed according to motility post 
hoc. Patients were randomly assigned TF or PF. 
Defective peristalsis was defi ned as mean DEA 
<40 mm Hg and/or failed primary peristalsis in 
>40% of 10 wet swallows. Results were analyzed 
at 1 week and 4 months postoperatively only, thus 
long-term results are not available. This nega-
tively affects the impact of this study. Patients 
with early dysphagia, even after only 1 week, 
underwent early endoscopic evaluation and dila-
tion. At four months, 41 patients had dysphagia 
(57 had dysphagia preoperatively), and of these 
41, 19 had normal peristalsis and 22 had defective 
peristalsis preoperatively. The incidence of dys-
phagia increased in the TF group (from 24 to 30 
patients) while decreasing in the PF group (from 
33 to 11 patients). New dysphagia was found in 24 
patients, equally distributed between patients 
with normal and defective peristalsis. Fourteen 
patients required redo fundoplication (13 TF, 1 
PF), 10 for recurrent refl ux with esophagitis and 
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mild dysphagia, and 4 for severe dysphagia. Of 
these 14 redo patients, 10 TF patients herniated 
their intact wrap above the diaphragm, a known 
anatomical cause of dysphagia postfundoplica-
tion. Therefore, it is possible that poor construc-
tion and not the 360° nature of the TF caused 
these failures. In the defective peristalsis group, 
no signifi cant difference in dysphagia was seen 
based on operation performed, with seven under-
going TF and fi ve with PF.

Technical aspects of anti-refl ux surgery are 
no doubt important in avoiding dysphagia 
and control of GERD after fundoplication. The 
authors concluded that PF is superior to TF in 
prevention of postoperative complications such 
as dysphagia (level of evidence 2b), although the 
very high incidence of recurrent hiatal hernia 
casts doubt on this conclusion. The authors also 
pursued an unorthodox approach of early dila-
tion for dysphagia within the fi rst few weeks, a 
practice that has been associated with fundopli-
cation disruption. Finally, dysphagia after TF is 
common 3 to 6 months following surgery, and 
most surgeons do not intervene as it usually 
resolves. The extremely short follow-up of this 
study severely detracts from the ability to gener-
alize its fi ndings.

The small randomized, prospective trial by 
Chrysos and others evaluates 33 patients with 
defective peristalsis (defi ned as DEA <35 mm Hg) 
comparing TF (Nissen–Rossetti) with PF (Toupet) 
and found no differences in dysphagia at 12 
month follow-up.5 In the short term (3-month 
follow-up), TF was associated with more dyspha-
gia (57% TF vs. 16% PF); however, by 1 year, only 
14% of TF patients and 16% of PF patients reported 
mild dysphagia. No patient had severe dysphagia 
at 1 year. In a similar pattern, gas-bloat syndrome 
occurred more often in the TF at 3 months, but 
this difference was not apparent at 1 year when 
21% of TF and 16% of PF patients reported bloat-
ing symptoms. Postoperative LES pressures were 
signifi cantly improved in all patients, with no 
difference between TF and PF. Total fundoplica-
tion and PF equally controlled refl ux with post-
operative DeMeester scores decreasing to 12 in PF 
and 14 in TF. The authors recommended TF in 
patients with defective peristalsis due to litera-
ture indicating it as a superior long-term barrier 
of refl ux compared to PF (level of evidence 2b). 

This is a small study without the appropriate 
power to determine whether TF or PF is superior; 
however, it was properly randomized and double 
blinded. The results concur with large studies 
regarding TF in patients with defective 
peristalsis.

The study by Ludemann and others evaluates 
long-term follow-up of a randomized, double-
blinded trial between laparoscopic TF versus 
anterior 180° PF.6 Although patients with motil-
ity problems were not included, this well-designed 
and executed paper is an excellent comparison 
between PF and TF. At 5 years, 101/107 (98%) 
patients were included, with 51 undergoing TF 
and 50 undergoing PF. There were no signifi cant 
differences between the groups with regards to 
control of heartburn, patient satisfaction, or use 
of proton-pump inhibitors. Dysphagia for solids, 
bloating, inability to belch, and fl atulence were 
more common after TF. Recurrent refl ux was 
more common after PF. Re-operation was 
required for three patients with TF for dysphagia 
and three patients with PF for recurrent refl ux. 
Few studies have 5-year follow-up, with 98% 
response in a moderate-sized patient group (level 
of evidence 2b). In addition, the researchers 
remained blinded initially and at 5 years, elimi-
nating reporter bias. The main weakness is that 
results are based solely on questionnaire answers 
of patients and no objective data is reported. 
However, at 6 months, the same patient group 
underwent manometry, pH monitoring, and clin-
ical evaluation. Results showed that both opera-
tions normalized esophageal acid exposure, TF 
improved LES pressures compared to PF, and a 
higher incidence of dysphagia at 3 months was 
seen with TF. This increase disappeared at 6-
month follow-up.7 The authors concluded that 
anterior PF was as effective as TF for long-term 
GERD symptom control. However, a higher risk 
of recurrent GERD symptoms was seen with PF.

The available quality of evidence throughout 
the literature is comprised of predominantly case 
series of small-to-moderate numbers of patients. 
The vast number of technical differences found 
in anti-refl ux procedures and the subtle differ-
ences in defi nitions of motility disorders often 
hampers proper comparison of studies and tech-
niques. Without larger, signifi cantly powered 
studies with defi nitions that are agreed upon for 
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accurate patient comparison, specifi c guidelines 
are diffi cult to create. Based on the available data 
and substantial experience utilizing both a tai-
lored and nontailored approaches to anti-refl ux 
surgery, we fi nd little to support PF for patients 
with poor motility (level of evidence 2b; recom-
mendation grade B). Although a few large case 
series show PF does improve refl ux (although less 
than TF), and although TF may have higher rates 
of early complications, no convincing evidence 
supports the tailored approach. Evidence contin-
ues to mount showing PF is inferior for refl ux 
control and a properly constructed TF causes 
little signifi cant dysphagia or decreased quality 
of life beyond 3 to 6 months from surgery.

34.2. Impact on Clinical Practice

Application of the literature to determine the 
correct approach for patients with defective peri-
stalsis depends on its interpretation. One must 
apply knowledge of the key technical aspects of 
fundoplication construction and look critically at 
causes of dysphagia and poor refl ux control. It is 
clear that there is not a degree of impaired peri-
stalsis, as determined by manometry, which con-
sistently results in a greater rate of postoperative 
dysphagia if a TF is performed.8 Therefore, for 
most abnormalities of peristalsis, a TF can be 
safely performed. Partial fundoplication does not 
appear to reliably decrease the incidence of 
dysphagia either in patients with or without 
defective peristalsis. No properly weighted and 
designed study yet demonstrates true correlation 
between preoperative factors and the develop-
ment of postoperative dysphagia.9 The literature 
currently supports that patients with defective 
peristalsis undergoing TF have more early (6–12 
weeks) dysphagia than those undergoing PF; 
however, this seems to be transient and no differ-
ence between TF and PF remains at 1 year and 
beyond. In fact, esophageal motility tends to 
improve after TF, perhaps due to better control of 
GERD, reducing esophageal infl ammation and 
injury.1,3,10,11 The compilation of long-term data 
seems to suggest that preoperative motor function 
does not predict postoperative dysphagia,3,12,13 
but that operative technique is more likely the 
culprit than preoperative variables. Anatomical 

causes such as tight, twisted, or slipped fundopli-
cations and use of the stomach body rather than 
the fundus to create the wrap, essentially causing 
a bilobed, obstructed, or ineffi cient wrap, all sig-
nifi cantly effect postoperative dysphagia and 
GERD control.4,14–17 New or worsening dysphagia 
occurs after fundoplication in 2% to 14% of 
patients.3,18 Barring signifi cant technical errors, 
unexplained dysphagia, with a normal fundopli-
cation, decreases to around 1% to 2%.

With a few notable exceptions, the literature 
currently supports that patients with defective 
peristalsis and TF have better control of GERD 
than those undergoing PF.1,2,8,19–26 Most studies 
show inferior results of PF, both in patients with 
and without defective peristalsis. In most sur-
geons’ hands, PF does not provide as reliable 
control of GERD as a TF. There are, however, 
some exceptions as shown in the articles reviewed. 
Thus, the best way to prevent dysphagia and 
control refl ux is a well constructed fundoplica-
tion. Tailoring the fundoplication, based solely 
on the peristalsis measured by manometry, is not 
supported by data, and the approach should be 
abolished.

34.3. Opinion Statement

We perform TF for all patients with defective 
peristalsis except in those patients who have 
essentially no peristaltic activity (i.e., aperistal-
sis). We feel that our experience and the evidence 
suggest that this provides the best combination 
of refl ux control while limiting side effects. We 
perform preoperative manometry with imped-
ance on all patients to (1) properly identify the 
LES for accurate pH probe placement, (2) provide 
objective information about the physiology of 
GERD in each patient (LES function, esophageal 
clearance, etc.), and (3) regularly identify patients 
with achalasia and other primary esophageal 
motility disorders that affect management.

We place great importance on certain techni-
cal aspects of the Nissen fundoplication in order 
to relieve GERD and avoid dysphagia.27 These 
steps include:

1. Mobilization of the distal esophagus ade-
quately into the mediastinum to obtain 3 to 4 cm 
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of intra-abdominal esophageal length to prevent 
recurrent hernia. Results of studies examining 
outcomes of patients with extensive mediastinal 
dissection show that lengthening procedures 
such as the Collis gastroplasty are rarely needed, 
even with large paraesophageal hernias.28,29

2. Complete gastric fundus mobilization, 
including all short gastric vessels to avoid torque 
or angulation. A few studies refute division of 
the short gastric vessels, however an abstract by 
Jones and colleagues showed signifi cant decrease 
in dysphagia with complete fundal mobiliza-
tion.30 Experienced clinicians fi nd that leaving 
these fundic and body attachments increases 
torque and angulation of the gastroesophageal 
junction and potentially increases postoperative 
dysphagia.31

3. Creation of a 360° fundoplication over a 
bougie 52 to 60 Fr to help assure a very fl oppy 
fundoplication. Although disagreement over the 
appropriate size bougie or whether to use one at 
all still exists, the loss of palpation of the esopha-
gus and wrap looseness supports the idea of 
using multiple methods to avoid creating too 
tight a wrap. Most accepted technique for this 
includes use of a larger bougie, especially with 
dysmotility.32

4. Careful construction of the wrap with equal 
portions of posterior and anterior fundus, avoid-
ing errors such as using the body of the stomach 
or leaving redundant fundus behind the wrap.33 
By utilizing equal portions of the anterior and 
posterior fundus, the esophagus is imbricated 
into a neutral fundus, preventing torque and 
minimizing angulation.

Although we can hope for larger, randomized 
studies, with long-term clinical and objective 
results to more defi nitively end this debate, the 
existing evidence does not support the construc-
tion of a PF because of impaired esophageal peri-
stalsis. Rather, it suggests that the surgeon 
perform the best fundoplication he/she can in 
terms of controlling refl ux and avoiding compli-
cations. This opinion is based on level 2b evi-
dence and should only be applied specifi cally to 
the techniques described. Several pitfalls exist in 
interpreting this data, pitfalls we have found 
ameliorated by very careful techniques that, 
although may not prevent all complications, cer-

tainly minimized postoperative dysphagia. Suf-
fi ciently powered studies to prove these techniques 
do not exist, and yet our investigations have 
shown that overall technical aspects of the opera-
tion are more often the cause of dysphagia than 
quality of peristalsis.
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35
Botox, Balloon, or Myotomy: 
Optimal Treatment for Achalasia
Lee L. Swanstrom and Michelle D. Taylor

balloon to achieve disruption of the circular 
fi bers of the LES.

• Myotomy: Surgical division of all muscle layers 
of the lower esophageal sphincter mechanism, 
extending from the dilated portion of the 
esophageal body well onto the anterior gastric 
wall to insure complete disruption of the con-
tractile mechanism.

35.1. Data Review

This review will cover four main controversies:

• Balloon dilatation vs. myotomy as initial 
treatment.

• The role of Botox in the treatment of 
achalasia.

• The superiority of open or laparoscopic 
myotomy.

• Should minimally invasive myotomy be per-
formed through the chest or the abdomen?

While other controversies still exist regard-
ing achalasia treatment, for the sake of this 
review, several controversies will be considered 
resolved, including: the size and type of dilating 
balloon (large and rigid), the role of medical 
therapy (only for symptomatic spasm), the treat-
ment of failed myotomy or dilatation (repeat 
myotomy or esophagectomy), the extent of 
the myotomy (long), and the best treatment 
for mega or sigmoid esophagus (myotomy or 
esophagectomy).

Achalasia is a primary and profound esophageal 
motility disorder with an unclear etiology 
and which is, to date, incurable. In spite of its 
rare occurrence in the population (1 : 100,000), it 
stimulates large amounts of research and 
commentary by gastrointestinal (GI) physicians 
and surgeons, in large part due to ongoing 
controversy over the optimal treatment of these 
patients. When analyzing treatment options it 
is critical to keep in mind that all treatments 
are palliative in nature and are primarily 
aimed at relief of dysphagia and regurgita-
tion. Normal esophageal function is almost never 
restored, and even a patient with an excellent 
result will not have completely normal 
swallowing.

Defi nitions: For the purpose of this review the 
terms used are defi ned as follows:

• Achalasia: A primary motility disorder of the 
esophagus characterized by complete absence 
of antegrade peristalsis in the smooth muscle 
body; either due to total noncontractility or 
simultaneous contraction (vigorous achalasia) 
and by abnormalities in the receptive relax-
ation function of the lower esophageal sphinc-
ter (LES).

• Botox: Flexible endoscopic injection of purifi ed 
Botulinum toxin (a potent neurotoxin) into the 
musculature of the LES. Typically 100 units of 
the toxin are injected into at least four quad-
rants of the sphincter.

• Balloon dilation: Rapid dilation of the LES, 
usually under fl uoroscopic or endoscopic visu-
alization, with a large-caliber (3 or 4 cm) rigid 
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35.2. Balloon Dilation, Botox, or 
Myotomy as Initial Treatment

This question has defi nite clinical impact as 
it effectively determines which specialty should 
primarily treat the achalasia patient. The out-
comes to be considered are not only effi cacy of 
the intervention but also relative morbidities and 
cost effectiveness. Supporting data ranges from a 
few level 1 randomized, prospective trials to level 
5 data based on opinion or animal models. 
Numbers in clinical studies are small because of 
the relative rarity of achalasia and pooled data 
(level of evidence 3) provides the best generaliz-
able data. Where possible, studies using large 
diameter balloon (vs. small balloon or rigid dila-
tors) dilatation and laparoscopic/thoracoscopic 
(vs. open) myotomy were used.

Botox injection is an easy-to-administer out-
patient treatment with a good safety profi le.

Early dysphagia relief is achieved in up to 66% 
of cases.1 Level 1 evidence would indicate that 
even these good early results are poorer than 
those seen with surgical intervention. Zaninotto 
and colleagues have reported a prospective, 
randomized trial comparing Botox injection 
with laparoscopic myotomy in 80 patients. At 
12-month follow-up, these comparable groups 
showed an 88% rate of dysphagia relief with 
surgery versus a 60% rate with Botox2 (Figure 
35.1). Objective follow-up (pH and motility) was 
the same at 6 months.

The neurotoxicity of Botulinum toxin is a tran-
sient phenomenon and there is a progressive 
failure rate with time. This is confi rmed by the 
long-term results of the randomized, controlled 
trial (RCT) by Costantini and colleagues (level of 
evidence 1) showing a 65% rate of dysphagia at 

2-year follow-up versus an 18% rate with laparo-
scopic myotomy and fundoplication.3 Case series 
reports also indicate that this failure is progres-
sive with time and that eventually almost all 
patients will have recurrent problems.4,5

Level 3 evidence also indicates that the best 
results postachalasia treatment result when the 
LES pressure falls beneath 10 mm Hg.6 Follow-up 
testing in cohort series also indicates that Botox 
does not decrease sphincter pressures signifi -
cantly2,7 and this leaves concern that the Botox-
treated esophagus will have progressive dilation 
with time rather than the decrease in diameter 
seen after successful surgery.8 Finally, other evi-
dence (level of evidence 3–5) supports the concept 
that defi nitive treatment (myotomy) is more dif-
fi cult and subjects the patient to a higher perfora-
tion rate following Botox treatment, although the 
end result appears to be the same.9,10

We conclude that surgical myotomy is superior 
to initial treatment with Botox for management 
of achalasia.

FIGURE 35.1. Outcomes of a randomized, prospective trial 
comparing Botox to Heller myotomy for achalasia.2

Surgical myotomy is superior to initial treat-
ment with Botox for management of achalasia 
(level of evidence 1; recommendation grade 
A).

Balloon dilation and surgical myotomy are 
both longstanding and effective treatments for 
achalasia. Because they are typically used by dif-
ferent specialties, comparative studies are rare. 
The literature has a single published RCT that 
offers a direct, prospective comparison.11 This 
1989 study had 81 patients who were well matched 
and randomized to dilation with a 3-cm balloon 
versus a Heller myotomy (with no fundoplica-
tion) done by thoracotomy. The surgery patients 
had 95% near complete symptom relief compared 
to 51% with dilation at 5-year follow-up. The 
morbidity was higher in the balloon group as 
well, primarily a 5.4% incidence of esophageal 
perforation. Repeat dilation was performed in 
16% of the patients.

More recent comparative case series (level 
of evidence 3–4) also support the effi cacy of 
myotomy over balloon dilation. Patti and cowork-
ers present a nonrandomized, retrospective study 
comparing outcomes between large-caliber 
balloon dilation (19 patients) and a thoracoscopic 
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myotomy (30 patients). In this study, the long-
term outcomes were markedly better for the tho-
racoscopic approach (87% relief of dysphagia vs. 
26%).12 Another retrospective study looked at the 
outcomes of 61 patients after balloon dilation 
with a crossover strategy of surgical myotomy in 
case of treatment failure. The study had a rather 
high perforation rate of 14% with another 14% of 
patients having no improvement in dysphagia 
after dilation. Both of these groups were treated 
with a surgical myotomy. On long-term follow-up 
(mean 5 years), this intervention cohort had a 
61% failure rate following successful dilation and 
a 7% failure rate after myotomy. This particular 
study, although a level 2 prospective cohort study, 
has been criticized for its high perforation and 
failure rate in the dilatation arm.13

Finally, the relative effectiveness of Botox, 
balloon, or laparoscopic myotomy as initial treat-
ment strategies for achalasia were compared 
using a Markov modeling strategy (level of evi-
dence 3).14 One of the conclusions of this analysis 
was that Botox had the lowest effi cacy as an 
initial treatment in elective cases [quality-
adjusted life-years (QALY) = 7.33]. Both dilation 
and laparoscopic myotomy were comparable and 
acceptable initial treatments (QALY = 7.40 for 
dilation and 7.41 for myotomy) as long as the 
perforation rate of balloon dilation was less 
than 3.8% and the success rate was at least 90%, 
while the mortality and failure rate of myotomy 
were less than 7% and 10%, respectively (Figure 
35.2) Repeat dilations, however, were not indi-
cated in this analysis, and patients who failed 
their fi rst dilation should be offered laparoscopic 
surgery.

We conclude that surgical myotomy is superior 
to balloon dilation for the initial management of 
achalasia.

FIGURE 35.2. Results of Markov modeling of initial treatment 
strategies for achalasia. One-way sensitivity analysis shows that 
laparoscopic Heller myotomy with partial fundoplication is the 

Surgical myotomy is superior to balloon dila-
tion for the initial management of achalasia 
(level of evidence 1 to 3; recommendation 
grade B).

Laparoscopic myotomy was fi rst described in 
199115 and since then has become progressively 
more popular. It now is performed more often 
than open procedures done either through the 
chest or the abdomen. While this is true for many 
procedures now done laparoscopically, it doesn’t 
necessarily follow that the laparoscopic approach 
is superior. However, in the case of open versus 
laparoscopic myotomy, there is at least level 2 to 
3 evidence to support the superiority of the less 
invasive approach. Table 35.1 summarizes the 
outcomes of these various studies. Overall, the 
studies reported similar outcomes. In all four 
studies described, it should be noted that the dys-
phagia outcomes and postoperative refl ux com-
plaints were universally similar or slightly better 
for the laparoscopic groups. Likewise, operative 
complications were the same for laparoscopic 
and open approaches, but blood loss and hospital 
stay were markedly less for the laparoscopic 
approach. A uniform negative for the laparo-
scopic cohorts was a signifi cantly increased oper-
ative time, but this was counterbalanced by a 
more rapid return to normal activity in the one 
study that recorded this parameter.16 It is unfor-
tunate that there are no randomized, prospective 
comparisons between laparoscopic and open 
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most effective treatment as long as the success rate for dysphagia 
relief is greater than 89.7%.14



288 L.L. Swanstrom and M.D. Taylor

myotomy, but at this point it is unlikely that there 
ever will be. However, the strong, consistent and 
statistically signifi cant outcomes in nonrandom-
ized studies, as well as the factor of patient 
demand, defi ne the minimally invasive approach 
to myotomy as the gold standard. We conclude 
that laparoscopic myotomy is superior to open 
myotomy for surgical management of achalasia.

performing a myotomy with the perpendicular 
approach provided by thoracoscopic access.17 
While this report described an 82% rate of good-
to-excellent dysphagia relief (level of evidence 3), 
follow-up was quite short and a subsequent report 
in 1995 indicated a 60% incidence of signifi cant 
acid refl ux on pH study in 60% of the thoraco-
scopic patients even though only one of six of 
these patients was symptomatic.18 In 1998 the 
same authors performed a case-matched analysis 
of the two groups and found that the laparoscopic 
approach was superior to the thoracoscopic in 
most parameters [length of stay (LOS) and post-
operative refl ux rates in particular]19 (Table 35.2). 
One retrospective study, which had 88 laparo-
scopic repairs with fundoplications compared to 
14 thoracoscopic with no fundoplication, found 
no signifi cant difference between the two 
approaches although there was a trend towards 
lower complications and faster recovery with the 
laparoscopic approach.20 On the other hand, a 
similar retrospective (level of evidence 3) study 
comparing 16 thoracoscopic to 17 laparoscopic 

TABLE 35.1. Case comparisons between laparoscopic and open Heller myotomy.

   Excellent/good    
   result %  Patient Operation Blood 
Author Study type Number (dysphagia) Reflux % satisfaction time (min) loss (cc) LOS days

Ancona21 Retrospective 17 open 100  6 – 125 – 10
 case-matched 17 laparoscopic  94  0 – 178 – 4

Collard22 Retrospective 8 open  75 10 – – –
 series 12 laparoscopic  84  0 – – –
 comparison 

Dempsey16 Retrospective 10 open  90 40 80 122 220 8.8
 case-matched 12 laparoscopic  92 25 84 137  50 2.7

Douard23 Prospective 30 open  93  7 83 120 120 7.5
 series 52 laparoscopic  92 10 83 145 145 4
 nonrandomized 

TABLE 35.2. Results of a case-matched comparison of laparo-
scopic and thoracoscopic Heller myotomy.

30 THM vs. 30 LHM (+Dor)a

– LOS THM = 6 days LHM = 3.5 days
– Dysphagia THM = 13% LHM = 10%
– Reflux (pH) THM = 60% LHM = 10%

Abbreviations: LHM, laproscopic Heller myotomy; THM, thorascopic 
Heller myotomy.
aCase matched.
Source: Patti et al.19

Laparoscopic myotomy is superior to open 
myotomy for surgical management of achala-
sia (level of evidence 2 to 3; recommendation 
grade B).

There is no level 1 evidence, but level 3 to 5 data 
strongly supports the superiority of laparoscopic 
over thoracoscopic esophageal myotomy for 
achalasia. Because open myotomy was frequently 
done via thoracotomy, it is not surprising that the 
fi rst reports of a minimally invasive treatment 
replicated this approach. The thoracoscopic 
approach quickly lost favor, partly because of its 
technical diffi culty, complex anesthesia require-
ments, and, most importantly, because of its poor 
results in most series. One of the fi rst reports 
describing a minimally invasive approach for 
esophageal myotomy was the 1992 report by 
Pellegrini and associates, which described early 
results for 17 thoracoscopic myotomies and 2 
laparoscopic myotomies. This report mentions 
the technical diffi culties involved, including the 
diffi culty in accessing the anterior gastric wall 
through the hiatus and the awkwardness of 
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myotomies with partial fundoplications showed 
uniform superiority of the laparoscopic approach 
(Table 35.3).24 We conclude that laparoscopic 
myotomy is superior to thoracoscopic or trans-
thoracic approaches for surgical management of 
achalasia.

defi nite treatment in the form of a surgical 
myotomy. Its use is probably driven mostly by 
its ease of application, good safety profi le, and 
immediate gratifi cation factor.1

35.4. Current Practice

Clinical practice will often ignore the facts as 
presented in the medical literature, either from 
ignorance, because it goes against the practitio-
ner’s training, institutional bias, or for fi nancial 
reasons. In the case of achalasia, it would seem 
that the majority of institutions treat patients 
more or less in line with the weight of the scien-
tifi c evidence. Our current practice is to establish 
the diagnosis of achalasia with a barium swallow 
and esophageal manometry in all cases. The 
patient must have an upper endoscopy to exclude 
pseudoachalasia as a cause for symptoms or other 
fi ndings. In cases where the patient presents with 
nutritional compromise and near or complete 
esophageal outlet obstruction, treatment with 
Botox injection and small-caliber balloon dila-
tion is done to temporize until more defi nitive 
treatment can be arranged. Repeat Botox injec-
tions are never offered unless the patient is too 
morbid for any other care.

Patients are not typically risk stratifi ed for 
treatment otherwise, as the morbidity and mor-
tality of either balloon dilation or laparoscopic 
myotomy are equal. Patients are counseled about 
their disease and the need for lifelong follow-up 
after any treatment. They are given the choice of 
either balloon dilation or a laparoscopic myotomy 
with the benefi ts and drawbacks of each being 
carefully defi ned. Balloon treatment is described 
as convenient, safe (<0.1% morbidity, 5% perfora-
tion rate, and a 2% emergency intervention 

35.3. Clinical Implications

Because of the relative rarity of the disease and 
the fact that achalasia patients are seen by both 
gastroenterologists and surgeons, many ques-
tions regarding the treatment of achalasia remain 
only partially answered. On the other hand, the 
clinical realities of achalasia practice are obvious: 
laparoscopic myotomy is the current gold stan-
dard for treatment. Transthoracic approaches, in 
spite of their primacy in the past, simply do not 
work as well as laparoscopic myotomy. This is 
particularly true of thoracoscopic approaches, 
which have been calculated to be the least cost-
effective treatment available.14 In most institu-
tions, balloon dilation, though not a bad 
treatment, has been largely abandoned. This is 
due partly to the excellent effi cacy of laparoscopic 
myotomy (89%–98% good-to-excellent results) 
but perhaps even more to the risk aversion of 
gastroenterologists who are reluctant to deal with 
the 2% to 6% perforation rate of most series. 
Botox, on the other hand, remains sporadically 
popular and still fairly widely practiced. This is 
in spite of its poor long-term success, low cost 
effectiveness, and risk of creating problems for 

Laparoscopic myotomy is superior to thoraco-
scopic or transthoracic approaches for surgi-
cal management of achalasia (evidence level 3 
to 5; recommendation grade C).

TABLE 35.3. Retrospective comparison of the results of laparoscopic myotomy and partial fundoplication compared to thoracoscopic 
myotomy without a wrap.24

      Reduction
   Late  Final LES LES diameter
 Operative  dysphagia  pressure at 2-year
 time (min) LOS (days) (%) Reflux (%) (mm Hg) follow-up (%)

Thoracoscopic myotomy 222 2 37.5 25 15.3 27
Laparoscopic Myotomy 148 5 5 10 10.4 50
 + Dor p = 0.0001 p = 0.0001 p = 0.01 p = 0.0001 p = 0.0001 p = 0.0001
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incidence), and relatively effective (around a 65% 
initial relief or dramatic improvement in dyspha-
gia). It is mentioned that around 20% of patients 
will subsequently require medication for acid 
refl ux and that there is a progressive failure rate 
over the fi rst 5 years, with only 30% to 40% of 
patients free from dysphagia at 5 years. Laparo-
scopic myotomy is described as highly effective 
(88%–92% relief of dysphagia over 3 years), but 
we stress that it requires a true operation includ-
ing a general anesthetic and a 24- to 48-hours 
hospital stay. With the addition of a partial fun-
doplication, acid refl ux rates are described as 
being between 10% and 15%. Mortality rates are 
also quoted as 0.1% and acute reinterventions as 
being necessary 2% of the time. In our experi-
ence, even though the dilations and myotomies 
are done by the same team, 90% of patients decide 
on the surgical myotomy – most often saying that 
the higher initial success rate is their primary 
consideration and the fear of perforation the next 
concern.

All myotomies are done laparoscopically unless 
the patient has a hostile abdomen and all are 
accompanied by a partial wrap if at all possible. 
We will attempt a laparoscopic myotomy on a 
massively dilated or sigmoid esophagus but do 
cite a higher failure rate in such a case. Failure of 
a myotomy is treated with a balloon dilation and, 
if that fails, by a second laparoscopic myotomy 
without a fundoplication. Second failures, or fail-
ures with mega-esophagus, are encouraged to 
consider a minimally invasive esophagectomy.

After therapy, patients are sent home on a 
pureed diet for 2 weeks. All patients are requested 
to undergo repeat manometry and a 24-hour pH 
test. Decision to place the patient on acid-sup-
pressive medication is only based on the result of 
the postoperative testing as we have found symp-
toms after surgery to have almost no correlation 
with objective fi ndings. Upper endoscopy is per-
formed every 5 years for the slightly increased 
risk of malignancy due to the stasis.

34.5. Conclusion

The relative rarity of achalasia and its poorly 
understood etiology means that there is a relative 
lack of high-quality literature to base treatment 

recommendations on. This is further compli-
cated by the fact that there are three fairly good 
therapies for this incurable disease and that it 
is rare for a single practitioner to offer all three. 
In actuality, there is undoubtedly a place for all 
three in a comprehensive treatment algorithm, 
and it is hoped that initial treatment will be based 
on medical evidence and not expedience or per-
sonal bias.
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only 5 mm onto the gastric wall.2 The rationale 
for this approach (followed by most surgeons in 
North America) was to make the myotomy long 
enough to relieve dysphagia but short enough to 
avoid refl ux and therefore the need for a fundo-
plication. The results published by Ellis seemed 
to confi rm the soundness of this approach: in a 
review of his 22-year experience with 197 patients 
he documented symptomatic refl ux in only 9 
(5%) of them.2 The problem with his analysis, 
however, was that it was based on symptom eval-
uation only (presence of heartburn) rather than 
objective evaluation of the refl ux status by pH 
monitoring. Many studies have, in fact, shown 
that most patients who develop refl ux after a 
Heller myotomy do not experience heartburn, so 
that the symptomatic evaluation usually under-
estimates the real incidence of refl ux.6,7 As a 
matter of fact, when the same author used 
manometry and pH monitoring to objectively 
assess gastroesophageal refl ux after short myo-
tomy, he found abnormal esophageal acid expo-
sure in 29% of patients.8

Contrary to the trans-thoracic approach used 
in North America, surgeons in Europe9 and South 
America10 traditionally used a transabdominal 
approach, performing a longer myotomy onto the 
gastric wall in combination with an anti-refl ux 
procedure. For instance, in 1992 Bonavina and 
colleagues reported the long-term results of 
myotomy and Dor fundoplication in 206 patients 
with achalasia operated between 1976 and 1989. 
Excellent or good results were obtained in 94% of 
patients while the rate of postoperative refl ux 
measured by pH monitoring was 8.6% only.9

Esophageal achalasia is a primary esophageal 
motility disorder of unknown origin character-
ized by lack of esophageal peristalsis and inabil-
ity of the lower esophageal sphincter (LES) to 
relax properly in response to swallowing. The 
goal of treatment is to relieve the functional 
obstruction caused by the LES, therefore allow-
ing emptying of food into the stomach by gravity. 
However, the elimination of the LES may be fol-
lowed by refl ux of gastric contents into the aperi-
staltic esophagus, with slow clearance of the 
refl uxate and the risk of developing esophag-
itis, strictures, Barrett’s esophagus, and even 
adenocarcinoma.1–4

The following chapter reviews the results of 
surgery for achalasia, describing what is consid-
ered today the best procedure to achieve the goal 
of relieving dysphagia while avoiding develop-
ment of refl ux.

36.1. Treatment of Esophageal 
Achalasia: The Open Era

During the 1970s and 1980s, pneumatic balloon 
dilatation was considered the primary form of 
treatment for achalasia. During that period, only 
an average 1.5 Heller myotomies were performed 
each year in our tertiary care hospital as well as 
in other centers, mostly for patients whose dys-
phagia did not improve with balloon dilatation 
or whose esophagus was perforated during a 
balloon dilation.5 We followed Ellis’ technique 
and used a left trans-thoracic approach to 
perform a Heller myotomy which extended for 
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36.2. Treatment of Esophageal 
Achalasia: The Minimally Invasive 
Surgery Era

Shimi and Cuschieri fi rst reported in 1991 the 
performance of a Heller myotomy for esophageal 
achalasia by minimally invasive techniques.11 In 
1992 we described our initial experience with 
a thoracoscopic Heller myotomy.12 We initially 
used the technique developed by Cuschieri,11 
which we modifi ed as we gained experience, and 
performed a left thoracoscopic myotomy (with 
the guidance of intraoperative endoscopy) which 
extended for only 5 mm onto the gastric wall. The 
long-term follow-up in the fi rst 30 patients who 
underwent a left thoracoscopic Heller myotomy 
confi rmed the excellent outcome of the initial 
report: almost 90% of patients had relief of dys-
phagia, the hospital stay was short, the postop-
erative discomfort was minimal, and the recovery 
was fast. However, some shortcomings of the tho-
racoscopic technique soon became apparent, 
particularly when compared to the laparoscopic 
approach13:

• Poor exposure of the gastroesophageal junc-
tion, particularly important when trying to 
extend the myotomy onto the gastric wall for 
5 mm only. Excellent exposure by the laparo-
scopic approach.

• Cumbersome intraoperative management 
(double lumen endotracheal tube, right lateral 
decubitus position, intraoperative endoscopy). 
Very simple for the laparoscopic approach.

• Postoperative discomfort due to the chest 
tube.

• High incidence of postoperative refl ux and 
inability to correct preexisting refl ux from 
pneumatic dilatation. We found that a thoraco-
scopic myotomy was associated to refl ux in 
60% of patients studied postoperatively by pH 
monitoring. We also encountered patients who 
already had abnormal refl ux secondary to dila-
tation even though they still experienced dys-
phagia. Some of these patients had very low LES 
pressure.14

These were probably the key reasons that made 
us switch to a laparoscopic myotomy and Dor 
fundoplication as suggested by Ancona and col-

leagues,15 in the attempt to fi nd a balance between 
relieving dysphagia and avoiding postopera-
tive refl ux. Similar fi ndings about postoperative 
refl ux after transthoracic myotomy and the deci-
sion to switch to a laparoscopic myotomy and 
fundoplication were reported by others.16,17

36.3. Laparoscopic Heller Myotomy: 
Is a Fundoplication Necessary?

It is generally accepted that a fundoplication is 
necessary to prevent refl ux after a laparoscopic 
Heller myotomy, by either performing a Dor fun-
doplication,18–24 a Toupet fundoplication,25–28 or a 
Nissen fundoplication.29–31

This approach is based on some retrospective 
studies and two prospective, randomized trials 
comparing laparoscopic myotomy alone versus 
myotomy and fundoplication. Kjellin and col-
leagues found abnormal refl ux by pH monitor-
ing in 8 of 14 (57%) patients after laparoscopic 
myotomy without fundoplication.32 Five of the 
8 patients (62%) were asymptomatic. Similarly, 
Burpee and colleagues documented refl ux (by pH 
monitoring or endoscopy) in 18 of 30 patients 
(60%) after laparoscopic Heller myotomy without 
fundoplication.33 Thirty-nine percent of patients 
with refl ux were asymptomatic. Gupta and col-
leagues reported heartburn after laparoscopic 
myotomy in 80% of their patients. They felt that 
it was not a problem as symptoms were well con-
trolled with medications.34

The observation of a very high incidence of 
refl ux after laparoscopic myotomy alone has also 
been confi rmed by two prospective and random-
ized trials. In 2003, Kalkenback and colleagues 
reported the results of a prospective, randomized 
trial comparing myotomy alone versus myotomy 
and Nissen fundoplication.29 Postoperative refl ux 
was present in 25% of patients who had a myotomy 
and fundoplication but in 100% of patients who 
had a myotomy alone. Twenty percent of the 
patients in the latter group developed Barrett’s 
esophagus. In 2004, Richards and colleagues 
reported the results of a prospective, randomized 
trial comparing laparoscopic myotomy alone 
versus laparoscopic myotomy and Dor fundopli-
cation.24 Postoperative ambulatory pH monitor-
ing showed refl ux in 48% of patients after 
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myotomy alone but in only 9% of patients when 
a Dor fundoplication was added to the myotomy. 
The incidence and the score of postoperative dys-
phagia were similar in the two groups.

These data can be summarized as follows:

• Myotomy alone is followed by a high incidence 
of postoperative refl ux, which is asymptomatic 
in most cases.

• A fundoplication prevents refl ux in the major-
ity of patients.

• It is dangerous to claim that postoperative 
refl ux does not matter and that nothing should 
be done to prevent it. Today we are operating 
on many young patients35 who may develop 
severe esophageal damage if exposed to years 
of refl ux.1–4

Based on these data we feel that a fundoplica-
tion should be performed after a laparoscopic 
Heller myotomy (level of evidence 1+ to 3; recom-
mendation grade B).

tion. This decision was based on the results of 
long-term studies which showed that esophageal 
decompensation and recurrence of symptoms 
eventually occurs in most patients.37–41 For 
instance, Duranceau and colleagues initially 
reported excellent results with a Heller myotomy 
and total fundoplication.39 Ten years later, 
however, they noted that symptoms had recurred 
in 14 of 17 patients (82%), fi ve of whom required 
a second operation.40 They felt that over time the 
total fundoplication determines a progressive 
increase in esophageal retention with poor emp-
tying and recurrence of symptoms. They were 
able to correct this problem by switching to a 
partial fundoplication.41

Today a laparoscopic Heller myotomy with 
partial fundoplication is considered the proce-
dure of choice for esophageal achalasia, as it 
attains the best balance between relief of dyspha-
gia and prevention of refl ux.42

Based on these data we feel that a partial rather 
than a total fundoplication should be performed 
after a laparoscopic Heller myotomy (level of evi-
dence 2++ to 4; recommendation grade C).A fundoplication should be performed after 

a laparoscopic Heller myotomy (level of evi-
dence 1+ to 3; recommendation grade B).

36.4. Which Fundoplication? Partial 
Versus Total Fundoplication

It has been shown that a laparoscopic total (360º) 
fundoplication is the procedure of choice in 
patients with gastroesophageal refl ux disease. 
When compared to a partial fundoplication, a 
total fundoplication determines a better control 
of refl ux without a higher incidence of postopera-
tive dysphagia, even when esophageal peristalsis 
is weak.36 In esophageal achalasia, however, the 
pump action of the esophageal body is completely 
missed, as there is no peristalsis. Therefore, a 
total fundoplication might determine too much 
of a resistance at the level of the gastroesophageal 
junction, impeding the emptying of food from 
the esophagus into the stomach by gravity, 
and eventually causing persistent or recurrent 
dysphagia. Albeit some groups still claim 
good results adding a total fundoplication after 
a myotomy,29–31 others have abandoned this 
approach and switched to a partial fundoplica-

A partial fundoplication is superior to a total 
fundoplication after a laparoscopic Heller 
myotomy (level of evidence 2++ to 4; recom-
mendation grade C).

36.5. Partial Fundoplication: Anterior 
Versus Posterior

There are no published prospective, randomized 
trials comparing a partial posterior (Toupet) 
versus an anterior (Dor) fundoplication in asso-
ciation to a Heller myotomy in patients with 
achalasia. Some groups feel that a posterior fun-
doplication is better as it keeps the edges of the 
myotomy separated and it is a more effective 
anti-refl ux operation.25–28 Others, however, feel 
that a Dor fundoplication is simpler to perform 
as it does not need posterior dissection, and it 
adds the advantage of covering the exposed 
mucosa.18–24

Our philosophy at the University of California, 
San Francisco during the last 12 years has been 
to perform a laparoscopic Heller myotomy and 
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Dor fundoplication.43 The myotomy is about 9 cm 
in length and extends for about 2 cm onto the 
gastric wall. Intraoperative endoscopy is helpful 
at the beginning of a surgeon’s experience to 
gauge the extent of the myotomy onto the gastric 
wall in respect to the squamous–columnar junc-
tion, as seen by endoscopy. However, once the 
surgeon has gained experience with the anatomy 
from a laparoscopic perspective, it can be omitted. 
After the short gastric vessels are divided, an 
anterior 180º fundoplication (Dor) is performed. 
There are two rows of sutures, one right and one 
left. The left row has three stitches: the fi rst stitch 
incorporates the stomach, the esophagus, and the 
left pillar of the crus. The second and the third 
stitch incorporate only the stomach and the 
esophageal wall. Subsequently, the fundus is 
folded over the exposed mucosa, so that the 
greater curvature of the stomach is next to right 
pillar of the crus. Similar to the left the row, the 
right row has three stitches and only the upper-
most stitch incorporates the fundus, the esopha-
gus, and the right pillar of the crus. Finally, two 
additional stitches (apical stitches) are placed 
between the anterior rim of the esophageal hiatus 
and the superior aspect of the fundoplication. 
After laparoscopic Heller myotomy and Dor fun-
doplication, excellent or good results for dyspha-
gia were obtained in 91% of patients, with a 15% 
incidence of postoperative refl ux.43

Based on the available data, it is not possible 
to give a recommendation regarding the type of 
partial fundoplication (anterior vs. posterior) to 
be added after a laparoscopic Heller myotomy for 
achalasia.

has brought a radical shift in practice, as surgery 
has become the preferred treatment modality of 
most gastroenterologists and other referring phy-
sicians. During the last 5 years, we have noted a 
15-fold increase in the number of patients referred 
for surgery every year. In addition, the gradual 
increase in the number of referred patients has 
been paralleled by an increase in the number of 
patients referred without previous treatment.44 
This remarkable change has followed docu-
mentation that laparoscopic myotomy outper-
forms balloon dilatation and botulinum toxin 
injection.45,46
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Primary Repair for Delayed Recognition of 
Esophageal Perforation
Cameron D. Wright

drome) worse than the more common instru-
mental perforation; (2) location of perforation 
with thoracic worse than cervical; and (3) time to 
diagnosis and treatment, with a delay of more 
than 24 hours being worse. This report is focused 
on thoracic perforations that are diagnosed late 
so two of these variables are eliminated from 
concern. A recent review reported a combined 
mortality of only 19% from instrumental perfo-
rations, whereas the mortality was 36% from em -
etogenic perforations. It is important to identify 
the number of emetic perforations in an individ-
ual series when looking at the results as the par-
ticular case mix of a series could skew the results 
regardless of the treatment. The same review 
confi rmed the greater mortality of thoracic per-
forations compared with cervical (27% vs. 6%) 
and the greater mortality of delayed treatment 
beyond 24 hours (27% vs. 14%). Most surgeons 
have strong biases as to how perforations should 
be treated, so comparison of series and patients 
with others is fraught with confounding bias.

Salo and colleagues reported on 34 patients 
with a delayed diagnosis, of which 19 had primary 
repair and 15 had esophagectomy (Tables 37.1, 
37.2).3 Six of 19 patients had the primary repair 
covered by a pleural fl ap. Only six patients sur-
vived primary repair (68% mortality). There were 
eight leaks from  the primary repair (42%). The 
most common cause of death was sepsis with 
multisystem organ failure (MOF). The authors 
concluded that because their mortality for esoph-
agectomy was only 13% that primary repair 
should not be done for delayed diagnosis of tho-
racic perforations.

Delayed recognition of esophageal perforation 
occurs due to the rarity of this problem and the 
protean manifestations of its presentation. The 
great majority of reports indicate delayed diag-
nosis of a perforated esophagus leads to more 
morbidity and mortality and greater length of 
stay when compared to those diagnosed less than 
24 hours after perforation. Earlier reports and 
recommendations suggested that late recognition 
of an esophageal perforation mandated treat-
ment other than primary repair.1 Grillo was one 
of the fi rst to promote the concept of primary 
repair even in patients who were diagnosed late 
with an esophageal perforation.2 Most recent 
reports confi rm the safety and effi cacy of primary 
repair regardless of time of perforation.1 No ran-
domized clinical trials have been performed of 
treatment options in esophageal perforations.

37.1. Published Data

37.1.1. Standard Repair

There is a relative paucity of reports of primary 
repair of esophageal perforations older than 12 to 
24 hours from which to glean information. In 
Table 37.1 there are only 108 patients reported 
from nine papers over a 12-year period. All 
reports are uncontrolled case series with an evi-
dence level of 4. There is a consensus among 
experts that there are three factors which most 
infl uence the success of treatment of an esopha-
geal perforation: (1) etiology of perforation with 
emetogenic (spontaneous, or Boerhaave’s syn-
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Ohri and colleagues reported on fi ve patients 
with a delayed diagnosis that had primary repair 
(Table 37.1).4 The mortality was 20% and leaks 
developed in 30%. Two leaks healed without 
further intervention and one required drainage 
of a mediastinal abscess. The authors concluded 
that primary repair is the procedure of choice for 
a thoracic esophageal perforation whether diag-
nosed early or late.

Wright and colleagues reported 13 patients 
with late thoracic esophageal perforations 
(Table 37.1).5 Fifty percent were emetogenic 
perforations. Leaks developed in 54% of pa -
tientsand preoperative sepsis was found to 
be a risk factor for leak. The mortality was 
31% with two patients dying of MOF and two 
of unrelated causes. The repair was buttressed 
in all patients. All leaks were without sym-
ptoms; four healed without further interven-
tion and two became controlled fi stulas. The 
authors concluded that primary repair re-
mained the procedure of choice irregardless 
of the time of diagnosis. Use of a tissue buttress 
was stressed to contain any possible postopera-
tive leak.

Whyte and colleagues reported nine patients 
with late esophageal perforations (Table 37.1).6 
Most were iatrogenic. The perforation was closed 
by a linear stapler over a bougie followed by 
sutured muscle closure. About one third of repairs 
were buttressed. Leaks occurred in 20% and all 
healed with drainage (two chest tubes and two 
rib resections for drainage). The mortality was 
only one patient who died of an arrhythmia with 
an intact repair. The authors concluded that 
primary repair should be undertaken in the 
absence of cancer or a nonsalvagable esophagus 
(tight stricture, end-stage achalasia) regardless of 
when the injury occurred.

Wang and colleagues reported on seven 
patients that had a late diagnosis of a thoracic 
esophageal perforation (Table 37.1).7 Half the 
leaks were emetogenic. The leak rate was quite 
high at 83%, but the death rate was low at 14%. 
Two leaks healed without further intervention, 
three patients required further drainage, and one 
patient was diverted. Six patients had their repairs 
buttressed. The authors concluded that primary 
repair should be performed in all repairable 
patients, even if diagnosed late.

TABLE 37.1. Recent reports of delayed primary repair of thoracic esophageal perforations.

Author Year Patients Evidence level Emetic % Morbidity Mortality Leak % LOS

Salo3 1993 19 4  68% 67% 68% 42% ns
Ohri4 1993  5 4  20% 40% 20% 30% 38
Wright5 1995 13 4  50% 85% 31% 54% 47
Whyte6 1995  9 4  22% ns  5% 25% 21
Wang7 1996  7 4  50% 86% 14% 83% 45
Lawrence8 1999 12 4 100% ns 8% 25% 14
Port9 2003  6 4   8% 38% 8% 17% ns
Jougon10 2004 16 4 100% ns 13%  8% 63
Richardson11 2005 21 4  38% ns 3% 16% ns

Abbreviations: LOS, length of stay; ns, not stated.

TABLE 37.2. Recent reports of esophagectomy in the treatment of thoracic esophageal perforation with a delayed diagnosis.

Author Year Patients Evidence level Emetic % Morbidity Leak % LOS

Attar12 1990  9 4  17%  22% ns ns
Orringer13 1990 22 4   9%  13%   5% 22
Port9 2003  2 4 100% 0 0 ns
Gupta14 2004 33 4   6%   6%  26% 14
Richardson11 2005 14 4 ns 0 0 ns

Abbreviations: LOS, length of stay; ns, not stated.
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Lawrence and colleagues reported on 12 
patients, all of whom had Boerhaave’s syndrome 
and a late diagnosis (Table 37.1).8 The repairs 
were not buttressed and the leak rate was low at 
25%. All leaks healed with observation only. The 
mortality was low at 14%. The authors concluded 
that primary repairs of emetogenic perforations 
can be performed at any time period.

Port and colleagues reported on six patients 
with a late diagnosis of a thoracic esophageal per-
foration (Table 37.1).9 Most of the perforations 
were iatrogenic. The leak rate was low at 17% and 
the mortality was also low at 8%. The two post-
operative leaks healed without further interven-
tion. The authors concluded that primary repair 
was advantageous regardless of the time to pre-
sentaion and that esophagectomy should be 
reserved for cancer or extensive necrosis.

Jougon and colleagues reported on 16 patients 
who had a late diagnosis of an emetogenic perfo-
ration (Table 37.1).10 The leak rate and mortality 
were low. Some of the patients had a tissue but-
tress. The authors concluded that primary repair 
should be undertaken in Boerhaave’s syndrome 
whatever the delay in diagnosis is.

Richardson reported a personal series of 21 
patients with a late diagnosis of a thoracic esoph-
ageal perforation (Table 37.1).11 The majority 
were iatrogenic. The leak rate and mortality 
were quite low. All repairs were buttressed (the 
majority with a diaphragm fl ap). All leaks healed 
with observation. The author concluded that 
primary repair (in the absence of cancer or a 
severely diseased esophagus) was the technique 
of choice.

The morbidity is high in patients treated with 
primary repair of late esophageal perforations 
and the mortality is quite signifi cant with a mean 
of 20% (3%–68%). Postoperative leaks that 
complicate management, delay oral intake, and 
increase length of stay occurred on the average in 
33% (8%–83%) of patients. Collectively, these 
series demonstrate it is feasible to close perfora-
tions despite a late diagnosis but there is still 
substantial morbidity, especially related to leaks 
associated with the repair. Only one report found 
that primary repair is ill advised and favored 
esophagectomy. The results from this one series 
are quite poor and stand out from all other series. 
The vast majority of the postoperative leaks 

are handled as controlled fi stulas that heal with 
conservative therapy. Good results have been 
reported with and without a tissue buttress. The 
length of stay (LOS) is quite long with a mean LOS 
of 38 days (14–63 days). This prolonged LOS illus-
trates just how complex and demanding these 
patients are to care for.

37.1.2. Esophagectomy for Management of 
Esophageal Perforation

An alternative to primary repair is esophagec-
tomy for the management of thoracic esophageal 
perforations that are diagnosed late. Five rela-
tively recent series have enough patients to 
examine (Table 37.2). Most reports do not segre-
gate out early from late patients, so for these 
series the patients represent a mix of both. Attar 
and colleagues reported on nine patients who had 
an esophgectomy for their perforation.12 Three 
had a severe stricture, three had cancer, and three 
had a caustic ingestion. Six patients had an imme-
diate reconstruction. Leaks were not reported. 
Three patients subsequently had a colon bypass. 
The mortality was 22%. The authors concluded 
that the esophagus should be preserved whenever 
possible but that esophagectomy was favored 
when cancer or severe intrinsic disease was 
present.

Orringer and Stirling reported on 22 patients 
with thoracic esophageal perforation of which 
11 were treated beyond 24 hours.13 Most perfora-
tions were iatrogenic. Thirteen patients had 
immediate reconstruction with only 1 postopera-
tive anastomotic leak. The mortality was only 
13%. The authors concluded that the sickest 
patients with a thoracic perforation were the ones 
most likely to benefi t from an esophageactomy 
rather than a more conservative procedure.

Port and colleagues reported two patients who 
had esophagectomy to manage a thoracic perfo-
ration.9 Both patients had an emetogenic perfora-
tion and both survived. One patient had 
immediate reconstruction without an anasto-
motic leak.

Gupta reported 33 personal patients managed 
by esophagectomy of which 25 were diagnosed 
late. Most patients had a severe stricture (16) or 
cancer (11), while four had achalasia and only two 
were emetogenic.14 The mortality was low at 6%. 
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Only two patients had transhiatal esophagectomy 
without reconstruction. Twenty-six percent of 
patients developed an anastomotic leak but all 
healed with observation. The LOS was quite low. 
The author concluded that perforations in the 
diseased esophagus should be treated by tran-
shiatal esophagectomy with a cervical anastomo-
sis but that late diagnosed perforations should be 
treated by nonoperative therapy in the intrinsi-
cally normal esophagus.

Richardson reported a personal series of 14 
patients who had an esophagectomy to manage a 
thoracic perforation.11 Nine patients had cancer. 
Thirteen patients had immediate reconstruction 
and there were no postoperative leaks. There 
were no deaths. The author concluded that esoph-
agectomy was appropriate for cancer or a severe 
stricture.

Esophagectomy can be carried out as an emer-
gency procedure with surprisingly low mortality 
in patients with thoracic esophageal perforations. 
Immediate reconstruction can be carried out in 
most patients who present early, especially those 
that have a transhiatal esophagectomy. Most 
authors reserve esophagectomy for cancer, severe 
stricture, or a nonrepairable perforation. It is 
important to note that the majority of reported 
cases of esophagectomy for perforation have 
been done in early patients so the results are not 
directly comparable to primary repair of late per-
forations. Most late perforations are treated with 
esophagectomy without reconstruction so the 
morbidity and mortality are often underesti-
mated as a second major reconstructive opera-
tion must be done.

37.1.3. Nonoperative Therapy for 
Esophageal Perforation

Another alternative to primary repair of late per-
forations is nonoperative treatment with aggres-

sive treatment of collections. The ability to 
accurately drain collections and perforations 
has been markedly enhanced with the advent of 
interventional radiology. Three recent reports 
illustrate current results with nonoperative 
therapy (Table 37.3). Altorjay and colleagues 
reported on 10 patients with thoracic perfora-
tions treated nonoperatively.15 They selected 
these patients from a larger group of 86 patients 
who otherwise had surgery for the perforation. 
Seventy percent of perforations were transmural 
and 25% were intramural. Only 30% were diag-
nosed late. Three patients required operative 
intervention (drainage in two and esophagec-
tomy in one). There was one death for a mortality 
of 10%. Interventional radiology drainage was 
not used in these patients. The mortality of the 
nonoperative group (10%) was similar to that of 
their patients treated with surgery (14%). The 
authors concluded that nonoperative therapy 
was proper in intramural perforations and care-
fully selected transmural perforations (well-
encapsulated perforation, drains back into 
esophagus, minimal symptoms, no cancer, or 
obstruction).

Hasan and colleagues reported on 17 patients 
with iatrogenic thoracic perforations.16 Only 15% 
were diagnosed late. Fifteen of the perforations 
were caused by dilation. Most patients did not 
have any drainage procedures performed. Inter-
ventional radiology drainage was not used. Eight 
patients had leaks into the pleural space and four 
of these died. The mortality was 24% but two of 
the four deaths were in patients with advanced 
perforated cancers. The authors concluded that 
most clean, iatrogenic perforations can be treated 
without operation, even in the presence of cancer 
or stricture.

Vogel and colleagues reported a very interest-
ing series of 37 thoracic perforations of which 
28 had nonoperative treatment.17 Most of the 

TABLE 37.3. Recent reports of nonoperative treatment of thoracic esophageal perforations.

Author Year Patients Evidence level Emetic % Morbidity Mortality Leak % LOS

Altorjay15 1997 10 4 0  70%  20% 10% 15
Hasan16 2005 17 4 0 100% >46% 24% ns
Vogel17 2005 28 4 50% ns ns 0 26

Abbreviations: LOS, length of stay; ns, not stated.
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patients had a late diagnosis of their perforation 
(62%). Fifty percent of patients had an emeto-
genic perforation. Interventional radiology tech-
niques were used to drain all collections and 
pleural fl uid with careful attention to accurate 
placement of drains. Frequent contrast studies 
and CT scans were done to ensure proper drain-
age. Four patients required limited thoraco-
tomy for better drainage. All esophageal fi stulas 
healed with drainage. There were no deaths in 
the nonoperative patients and the LOS was rea-
sonable at 26 days. The authors concluded that 
with aggressive treatment of sepsis and radio-
logically guided drainage of esophageal leaks 
and pleural collections that surgery can be 
avoided in most patients with an esophageal 
perforation.

Another minimally invasive method of treat-
ment of esophageal perforations that has been 
utilized with increasing frequency is the place-
ment of self-expanding covered stents to seal 
the leak. Small case series and individual case 
reports have been published such that the evi-
dence quality is again low at 3. Gelbmann and 
colleagues reported on four patients treated with 
an expandable plastic stent [Rusch (Kernan, 
Germany) Polyfl ex stent] for thoracic esophageal 
perforations.18 Three were iatrogenic and one 
was emetogenic. The iatrogenic perforations all 
were treated early while the Borhaave’s perfora-
tion was treated at 22 days. Three of thestents 
were removed at 32, 74, and 242 days after inser-
tion with confi rmation of esophageal healing. 
One patient with perforated cancer died with an 
intact stent in place of progressive cancer. Stents 
were found to be easily removable and, in the 
absence of a stricture, tended to migrate. The 
authors concluded that these plastic stents were 
reasonable treatment options for esophageal per-
forations, particularly in patients with extensive 
comorbidities.

Ferri and colleagues reported two patients 
with thoracic esophageal perforations success-
fully treated with self-expanding metallic covered 
stents.19 Both patients had advanced cancers 
with spontaneous perforations. Insertion of a 
metallic self-expanding covered stent (Ultrafl ex, 
Boston Scientifi c, Newton, MA) controlled the 
leaks and allowed oral intact and further 
therapy.

37.2. Clinical Practice Based on 
Published Data

The published data provide only weak evidence 
as to the proper treatment of esophageal perfora-
tions with a delayed diagnosis. There are numer-
ous defi ciencies in the data we do have that form 
the basis of treatment recommendations for 
thoracic esophageal perforations with a delayed 
diagnosis. These include a relative paucity of 
reported patients which are typically collected 
from a 10- to 20-year experience with obvious 
changes in patient care during that period. Most 
centers have a strong bias toward one approach 
such that a relatively favorable experience is 
reported with one method while another has 
poor results but with unfavorable patients 
selected for the nonfavored approach. Some 
centers report a poor result with a method while 
numerous others report much more favorable 
results; this may be due to unrecognized failure 
to properly perform a technique or to adequately 
care for these complex patients. Series are fre-
quently compared with one another but the 
patient mix may be very dissimilar in important 
prognostic factors such as time delay, location, 
symptom status, whether sepsis is present, 
whether the perforation is contained or leaks into 
the pleural space, the cause of the perforation, 
comorbidites, etc. Putting all these concerns in 
perspective, it is impossible to be dogmatic about 
the proper treatment of thoracic esophageal per-
foration. A case can be made that primary repair 
(with or without a tissue buttress), esophagec-
tomy, or nonoperative treatment (with radiologi-
cally directed drainage or stent insertion if 
needed) are reasonable treatment options for 
thoracic esophageal perforation with a delayed 
diagnosis. The consensus opinion among most 
recent papers and reviews (which is only level 4 
evidence) is that primary repair should be under-
taken no matter what time interval has elapsed if 

Primary repair should be undertaken for 
management of esophageal perforation no 
matter what time interval has elapsed if the 
underlying esophagus is relatively normal 
(level of evidence 4; recommendation grade C).
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the underlying esophagus is relatively normal 
(no cancer, severe stricture, or distal obstruction 
that is not easily fi xed) (recommendation grade 
C).

37.3. Personal View of the Data

I believe the data we do have is fraught with bias 
and that we are left with decision making in the 
end based on personal experience and expert 
opinion. There is no study of such quality that 
leads me to be dogmatic about a particular treat-
ment option. Every case must be individualized 
to a degree so that all potential factors that might 
mitigate for success are considered. All patients 
require antibiotics, nutritional support, and vig-
orous supportive care. The expertise at the treat-
ing institution must be factored into the decision 
making with consideration of the quality of 
patient monitoring and radiologic support if a 
nonoperative approach is chosen. If an operative 
approach is chosen, the skill of the surgeon, espe-
cially if esophagectomy is to be done, along with 
the skill of the anesthesia team is important to 
consider. What might be possible in one center 
might be very diffi cult to duplicate in another if 
a critical skill set is missing. Based on a review of 
the data and my own experience, I favor primary 
repair of most thoracic esophageal perforations 
regardless of the time the diagnosis is made. It is 
intuitive to close a gastrointestinal (GI) perfora-
tion and cleanse the local area to help the body 
deal with a septic insult, but I recognize the 
absence of data that confi rms the absolute neces-
sity of that approach. I cover the repair with a 
tissue buttress (an intercostal muscle, a pericar-
dial fat pad, omentum, a diaphragmatic fl ap) 
with the idea that my repair has a relatively high 
risk of leak (especially if the diagnosis was late or 
sepsis was present) and I want to try to contain it 
and prevent an esophagopleural fi stula. I place a 
suction drain immediately adjacent to the repair, 
suture it in place, and leave it in until a barium 
swallow confi rms a healed repair. I perform 
esophagectomy if there is a resectable cancer, 
severe stricture, end-stage esophagus (old corro-
sive injury, sigmoid esophagus from achalasia, 
etc.), necrotizing infection of the esophageal 
muscle, or for a previous failed repair. I place 

covered stents in patients with unresectable 
cancers and those with severe comorbidites and 
drain the mediastinum or pleural space as dic-
tated by computed tomography (CT) imaging. I 
am intrigued by the recent publication of Vogel 
and colleagues that reports a very high success 
rate with aggressive but nonoperative manage-
ment of esophageal perforations with radio-
logically guided drainage of collections.17 This 
approach has proven successful in the abdomen 
and appears to be promising in the chest with the 
esophagus. The results appear to be improved 
over older results with unguided drainage. We 
need further reports from other centers to see if 
this result is reproducible.

Due to the rarity of esophageal perforation I 
do not see a randomized trial ever being carried 
out to compare treatment options. Case series 
could be enhanced by more uniform reporting 
of important prognostic data that would aid 
in assessing treatment and comparing results. 
Important data to be collected include location, 
time to diagnosis and treatment, extent of symp-
toms, presence of the sepsis syndrome, extent of 
leakage, cause of the perforation, the status of the 
underlying esophagus, comorbidities, the precise 
surgical techniques used, any complications after 
treatment including further leaks, any further 
treatments needed, length of stay, length of inten-
sice care unit (ICU) stay, cost, ability to swallow, 
death rate, and cause of death.
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Lengthening Gastroplasty for Managing 
Gastroesophageal Reflux Disease 
and Stricture
Sandro Mattioli and Maria Luisa Lugaresi

laparothoracoscopic techniques for lengthening 
gastroplasty associated with a fundoplication 
have been designed in order to replace the open 
procedures.6,9–11 Techniques of laparoscopic tubu-
larization of the lesser gastric curvature by a 
wedge resection of the gastric fundus have also 
been published.12–14

With the lack of tactile appreciation of the 
viscera, laparoscopic surgery has increased the 
need to identify the anatomy of the GE junction 
and more precisely its position with respect to the 
diaphragmatic hiatus. Minimally invasive surgery 
has revitalized the debate regarding the diagno-
sis and treatment of short esophagus and stric-
ture; today, as in the past, even the very existence 
of the short esophagus is discussed. Many sur-
geons currently recognize cases of short esopha-
gus that are managed with dedicated surgical 
techniques9,10,12,13,15–26; others deny it is a clinical 
entity or state they have not seen one, even in 
large case series.27–59 Traditionally, the short 
esophagus was coupled with pan mural esopha-
gitis and stricture4,14,60–64 in patients affected by 
severe GERD and mucosal esophagitis. Recent 
data indicate a decreasing frequency of peptic 
stenosis in the GERD population,65–67 but also the 
not uncommon existence of true short esophagus 
in the absence of esophageal stricture.12,13,26,68,69 
Further knowledge has been acquired on the 
negative role of hiatus hernia,70–72 and particu-
larly regarding the effect of a permanent intra-
thoracic location of the lower esophageal sphincter 
(LES)73–76 on the gastroesophageal anti-refl ux 
barrier. The conceptual differentiation between 
the intrathoracic position of the GE junction, 

A lengthening gastroplasty consists of the forma-
tion of a gastric tube by vertically stapling the 
proximal stomach from the angle of His parallel 
to the lesser gastric curvature. This procedure is 
designed to elongate the esophageal tube as part 
of surgical treatment of complicated cases of gas-
troesophageal refl ux disease (GERD) in which 
the esophagus is irreversibly shortened, thus 
the gastroesophageal (GE) junction cannot be 
re positioned into the abdomen without excessive 
tension.

This technique was proposed in 1957 by J.L. 
Collis for the treatment of complicated cases of 
GERD as an alternative to esophageal resection.1,2 
A few years later, Collis, after following up the 
patients operated upon, reported 59% with GERD 
at barium swallow and 50% with specifi c symp-
toms.3 In 1971, Pearson, Langer, and Henderson 
published the results of a series of 24 patients in 
whom a Collis gastroplasty had been performed 
in combination with a modifi ed Belsey anti-refl ux 
procedure.4 The concept of the Pearson operation 
was to elongate the esophagus in order to perform 
an effective intra-abdominal anti-refl ux fundo-
plication, avoiding any tension on the sutures 
placed through the distal esophagus, the gastric 
fundus, and the diaphragmatic hiatus. Based on 
the same concept, the combination of a Collis 
gastroplasty with the Nissen fundusplication was 
proposed by Orringer and Sloan (transthoracic 
Collis–Nissen).5 Details of the Collis–Nissen 
operation were successively modifi ed by Demos6 
and Cameron7 (uncut Collis–Nissen; thoracic and 
abdominal approaches) and Steichen8 (abdomi-
nal Collis–Nissen). Innovative laparoscopic and 
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generally diagnosed by barium swallow, and the 
true short esophagus unequivocally ascertained 
only in the operating room,9,25,26,77–79 may be a sig-
nifi cant step of the clarifi cation of controversies.

The consideration of factors predicting the ex is-
tence of true esophageal shortening,17,23–26,68,77,80 
the precise intraoperative localization of the 
position of cardia with respect to diaphragmatic 
hiatus,14,68,77,81 the knowledge of surgical physiol-
ogy of anti-refl ux operations, the correct choice 
and performance of the surgical technique, and 
adequate experience in open and minimally 
invasive esophageal surgery are at the present 
time the key factors in the surgical therapy 
of complicated cases of GERD in whom the 
lengthening gastroplasty may be indicated. The 
above-mentioned issues are discussed in this 
chapter.

38.1. The Short Esophagus: 
Definition, Predictors, Diagnosis, 
Surgical Techniques, and Results

38.1.1. Definition

The defi nition of short esophagus was fi rstly 
adopted by radiologists to describe the intratho-
racic position of the GE junction and to classify 
this condition among the various types of hiatus 
hernia, taking into consideration the morphol-
ogy of the thoracic esophagus (straight or redun-
dant) and of the gastric fundus (axial displacement, 
funnel type, paraesophageal).82–87 Surgeons gen-
erally base the diagnosis of short esophagus on 
the inability to reduce the GE junction below the 
diaphragm intraoperatively. Other surgeons deny 
the existence of short esophagus, stating they 
always are able to reposition the GE junction 
below the diaphragm.88–91 Data related to the 
prevalence of short esophagus in open surgery 
case series, mainly expressed in terms of nonre-
ducibility, range widely from 0% to 60% (Table 
38.1). The scattering of data strongly suggests 
that the clinical research was biased by method-
ological errors such as the subjective identifi ca-
tion of the GE junction and the equally subjective 
quantifi cation of the tension needed to be applied 
to the distal esophagus in order to reposition an 

adequate segment into the abdomen.14,26,77,80,81,92 
In the last decade, the widespread diffusion of 
minimally invasive surgery has again produced 
controversial effects on the perception of sur-
geons with respect to short esophagus: besides a 
generalized attitude to ignore the problem within 
the rush of new operative techniques,80,93 an 
increasing interest has become evident among 
surgeons who pay specifi c attention to the issue 
(Table 38.2). The recent literature unequivocally 
tries to overcome the low grade of reliability of 
the historical data, instead referring to more 
objective methods aimed at localizing precisely 
the GE junction.26,68,77,81 The current defi nition of 
short esophagus accepted by the majority of the 
groups interested in the argument,9,10,14,17,26,92–96 
includes several major concepts: (1) the short 
esophagus is diagnosed only intraoperatively; (2) 
only after extensive mobilization of the medias-
tinal esophagus9–14,17,23–26,68,77,80,81,92,93,97,98; and (3) 
when the intra-abdominal portion of the esopha-
gus is shorter than 2 to 3 cm with no downward 
tension applied.9,11,13,14,17,23–26,68,77,80,81,92,98 Horwath 
and coworkers77 subdivide short esophagus in: (1) 
true, nonreducible short esophagus; (2) true but 
reducible short esophagus; and (3) apparent short 
esophagus. Preoperative radiologic and endo-
scopic studies in the three groups placed the GE 
junction across or above the hiatus. In the fi rst 
category the GE junction cannot be reduced for 
at least 2.5 to 3 cm below the diaphragm, while in 
the second category this length of the intra-

TABLE 38.1. Incidence of short esophagus in the surgical litera-
ture 1964–1995.

  No.  Short
Reference Year Patients Surgery Esophagus (%)

Nygard122 1964 102 Open 40.2%
Collis123 1968 420 Open 18%
Hill88 1970  36 Open 0
Gatzinsky124 1979 140 Open 37%
Maillet125 1980 800 Open 10%
Moghissi126 1983 245 Open 39.2%
Pearson115 1987 430 Open 60%
Kauer97 1995 104 Open 9.6%
Mattioli26 2004a 149 Open 29%

Abbreviation: nr, not reported.
a1980–1991.
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abdominal esophagus is achieved. In the third 
category, the esophagus has a normal length but 
is accordioned into the distal mediastinum.77

38.1.2. Predictive Factors

Among patients undergoing surgery for GERD, 
up to 40% have developed complications such 
as macroscopic esophagitis, Barrett’s esophagus, 
peptic esophageal stricture, or acquired short 
esophagus.14,60–62 Esophageal stricture is the clin-
ical fi nding most commonly related with esopha-
geal shortening14,24,68,80; it may occur in 1% to 
5%14,63,64 of patients with longstanding severe 
esophagitis. Other abnormalities that should 
raise the suspicion of a short esophagus include 
the radiologic diagnosis of a large, nonreducible 
hiatal hernia in the upright position, a hiatal 
hernia larger than 5 cm, or an esophageal length 
of less than 35 cm from the incisors as determined 
by endoscopy.13,17,77 The presence of a paraesoph-
ageal hiatal hernia is considered to be highly pre-
dictive of the presence of short esophagus.24,78,80 
Maziak and colleagues99 reported that 80% 
(75/94) of patients with a large paraesophageal 
hernia required a lengthening procedure for 
short esophagus. Of lesser importance, but still 
thought to play a role, is a history of severe esoph-
agitis or Barrett’s esophagus.80 The incidence of 
reoperative surgery has been shown to be signifi -
cantly increased in patients with esophageal 
stricture following standard Belsey and Nissen 
repairs.100,101 The risk of gastroplasty was increased 
3.8-fold [95% confi dence level (95% CI), 1.0–15.0) 
in the presence of esophageal stricture in the 
study of Urbach and colleagues,24 and by a factor 
of 7.5 (95% CI, 3.3–16.7) according to Gastal.17 
Urbach observed that for paraesophageal hernia 
the risk of gastroplasty was increased 4.5-fold 
(95% CI, 1.4–14.6), 4.3-fold for Barrett’s esopha-
gus (95% CI, 1.3–14.3), and 11.6-fold for reopera-
tive surgery (95% CI, 2.8–48.4).24 Mittal68 found 
that, although the presence of Barrett’s esopha-
gus or an esophageal stricture was associated 
with the need for esophageal lengthening, the 
presence of a large hiatal hernia on barium studies 
and the preoperative manometric length of 
the esophagus did not appear to be a statistically 
signifi cant factor. Preoperative esophagraphy, 

TABLE 38.2. Incidence of short esophagus in the surgical litera-
ture 1996–2004.

    Short 
  No.  Esophagus 
Reference Year Patients Surgery (%)

Swanstrom9 1996 238 Mini-invasive 14%
Csendes33 1998 152 Open 0
Anvari27 1998 381 Mini-invasive 0
Dallemagne35 1998 622 Mini-invasive 0
Eshraghi37 1998 157 Mini-invasive 0
Kiviluoto42 1998 200 Mini-invasive 0
Landreneau44 1998 150 Mini-invasive 0
Lefebvre45 1998 100 Mini-invasive 0
Patti50 1998 201 Mini-invasive 0
Meyer48 1998 224 Mini-invasive 0
Peters52 1998 100 Mini-invasive 0
McKernan15 1998 968 Mini-invasive 1.9%
Johnson10 1998 220 Mini-invasive 4%
Jobe16 1998 580 Mini-invasive 2.5%
El-Serag36 1999 1147 Open 0
Rydberg53 1999 106 Open 0
Arnaud28 1999 1470 Mini-invasive 0
Barrat29 1999 150 Mini-invasive 0
Champault32 1999 156 Mini-invasive 0
Coelho34 1999 503 Mini-invasive 0
Johanet40 1999 335 Mini-invasive 0
Klinger43 1999 102 Mini-invasive 0
Loustarinen47 1999 127 Mini-invasive 0
Soper55 1999 292 Mini-invasive 0
Watson56 1999 107 Mini-invasive 0
Gastal17 1999 236 Mini-invasive 15.6%
Bohmer31 2000 106 Open 0
Basso30 2000 135 Mini-invasive 0
Farrell38 2000 669 Mini-invasive 0
Kamolz41 2000 175 Mini-invasive 0
Leggett46 2000 239 Mini-invasive 0
O’Boyle49 2000 511 Mini-invasive 0
Pessaux51 2000 1470 Mini-invasive 0
Ross54 2000 200 Mini-invasive 0
Yau58 2000 757 Mini-invasive 0
Eubanks18 2000 228 Mini-invasive 0.8%
Zaninotto19 2000 621 Mini-invasive 0.9%
Luketich127 2000 100 Mini-invasive 27%
Kleimann21 2001 255 Mini-invasive 2%
Terry22 2001 1000 Mini-invasive 1.5%
Awad23 2001 260 Mini-invasive 5%
Urbach24 2001 153 Mini-invasive 13%
O’Rourke25 2003 487 Mini-invasive 19%
Lin13 2004 1579 Mini-invasive 4.3%
Terry12 2004 143 Mini-invasive 11.2%
Mattioli26 2004a 170 Open,  mini- 23%
     invasive  

a1992–2003.
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endoscopy, and esophageal manometric length 
assessment are useful, though not ideal, for iden-
tifying patients in need of an esophageal length-
ening procedure.17,23,24,68 However, it has been 
shown that neither a single preoperative diagnos-
tic test nor any combination of tests is completely 
accurate in making the diagnosis.23 The combi-
nation of two or more tests resulted in a specifi c-
ity ranging from 63% to 100% but a low sensitivity 
(28%–42%).23

In a study on the outcomes of the surgical 
treatment of GERD in 319 patients, the preopera-
tive factors predictive of the need for an esopha-
geal lengthening procedure were evaluated.26 The 
multivariate analysis showed the following pre-
operative factors as predicting the need of a Collis 
procedure: radiologic classifi cation [p = 0.005; 
odds ratio (OR) 20.53; 95% CI, 2.47–170.15), 
manometry in the upright position performed 
after the standard recording in the supine posi-
tion (p = 0.038; OR 5.26; 95% CI, 1.09–25.41), and 
the presence of peptic stenosis (p = 0.015; OR 5.18; 
95% CI, 1.38–19.44). The radiologic classifi cation 
adopted for the study was based on the assess-
ment of the position of the GE junction with 
respect to the hiatus and not on the size of the 
hernia. Three grades of orad migration of the GE 
junction were considered: hiatal insuffi ciency, 
concentric hiatus hernia, and short esophagus. 
The classifi cation had been validated with a 
manometric–radiologic study, which demon-
strated that the distance (in centimeters) from 
the LES inferior margin to the diaphragm was 
signifi cantly different in healthy volunteers 
versus the three grades of migration and between 
each contiguous grade.75 Although the combina-
tion of endoscopy, radiology, and manometry has 
been shown to be associated with a high positive 
predictive value for short esophagus, the sensi-
tivity and negative predictive value for the com-
bination of these tests are low, and no single 
criterion has been shown to be associated with a 
high specifi city or predictive value.23,25

38.1.3. Intraoperative Diagnosis

In course of laparoscopic surgery for GERD, 
the surgeon may underestimate the presence of 
esophageal shortening because of a number of 
contributing factors. Complete dissection of the 
fat pad overlying the GE junction is necessary to 

identify the true GE junction, but this is not rou-
tinely described in laparoscopic reports.92 The 
presence of pneumoperitoneum elevates the 
diaphragm signifi cantly and may give the false 
impression that an adequate length of intra-
abdominal esophagus is achieved.26,92,102 In some 
reports, a Penrose drain is placed around the 
distal esophagus and downward tension is applied 
during the dissection and wrap; this apparent 
intra-abdominal segment of esophagus may later 
retract back up into the thoracic cavity when the 
Penrose drain is removed.92 Finally, many lapa-
roscopic surgeons routinely place a weighted 
bougie into the esophagus, and the downward 
pressure from the bougie pushes the esophagus 
distally for a distance up to 2 to 3 cm.92 During 
laparoscopy it is possible to miss the exact posi-
tion of the GE junction because the proximal 
stomach, attracted upward, acquires a funnel like 
form after years of herniation, the serosa loses 
brightness, and the wall thins.26 The tubularized 
proximal stomach is hardly distinguishable from 
the distal esophagus.98,103 One or more of these 
factors can lead the surgeon to overestimate the 
length of intra-abdominal esophagus.

Recently, intraoperative endoscopy has been 
proposed in order to identify the GE junction in 
relation to the hiatus.26,68,81,103 The reference to the 
gastric folds as an anatomical–endoscopic land-
mark of the GE junction104,105,106 helps to eliminate 
the subjective component of the evaluation in the 
presence of short and long Barrett’s esopha-
gus.23,26,107 As the gastric folds are normally 
located at or few millimeters below the Z line, this 
anatomical reference also eliminates the risk of 
overdiagnosing the condition of short esopha-
gus.26,103 After the endoscopist has placed the tip 
of the fi berscope at the level of the gastric folds, 
the surgeon recognizes the point of passage 
between the tubular esophagus and the stomach 
by means of transillumination68 or by localizing 
the tip of the scope with a grasping forceps. As 
the length of the open jaws of the forceps is 
known, the distance between the hiatus and the 
GE junction can be estimated.81

The gold standard for determination of short 
esophagus is intraoperative esophageal mobiliza-
tion followed by assessment of length.68 As 
described by Collis,1 there is a large subset of 
patients who have true but moderate esophageal 
shortening, which can be treated by an extended 
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mediastinal dissection. Recently, O’Rourke and 
coworkers25 proposed an extended laparoscopic 
transmediastinal dissection in patients with 
moderately short esophagus. These authors 
defi ned an esophageal dissection less than 5 cm 
into the mediastinum as type I, and an esopha-
geal dissection greater than or equal to 5 cm into 
the mediastinum as type II. On average, a type II 
dissection was carried up between 7 and 10 cm 
into the mediastinum. In cases in which type II 
dissection failed to release intra-abdominally 
an adequate segment of tension-free esophagus, 
a thoracoscopic-assisted Collis gastroplasty was 
performed.25 A concern associated with type II 
dissection is the potential for occult injury to 
the vagus nerves.25 The decision to measure the 
length of the intra-abdominal esophagus after 
isolation without tension has the advantage of 
overcoming the totally subjective concepts of 
moderate or reasonable or adequate tension 
applied to pull downward the stomach. Any 
modality of objective measurement of the applied 
tension, although feasible with a dynamometer, 
would be unacceptably cumbersome. It is gener-

ally agreed that if a minimum of 2.5 to 3 centi-
meters of tension–free intra-abdominal esophagus 
are not obtained after adequate mobilization, a 
lengthening gastroplasty should be added to the 
fundoplication.9,11,13,23,25,26,68,77,92,95,102

38.1.4. Surgical Techniques

The techniques of transthoracic and trans-
abdominal lengthening gastroplasty, associated 
with a total or partial fundoplication, are famil-
iar to thoracic and esophageal surgeons who have 
an adequate training. These procedures remain 
the cornerstones of anti-refl ux surgery, especially 
for complicated cases and re-operative surgery. 
The minimally invasive Collis–Nissen has gained 
popularity, mainly in tertiary reference centers 
via laparoscopic or combined thoraco-
laparoscopic approaches. In the mid 1990s, two 
techniques of thoracoscopic gastroplasty and 
laparoscopic fundoplication were published.9,108 
Swanstrom performed a lengthening gastroplasty 
by introducing an endostapler through the right 
chest [Figure 38.1(A)].9 In 1998, Johnson, 

A B

C D

FIGURE 38.1. Mini invasive esophageal lengthening gastroplasty: (A) right thoracoscopic approach, (B) laparoscopic approach, (C) left 
thoracoscopic approach, and (D) laparoscopic stapled wedge gastroplasty.
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Oddostir, and Hunter10 proposed a laparoscopic 
technique that reproduced the open one pro-
moted by Steichen [Figure 38.1(B)]. The authors 
intended to avoid a “double cavity procedure” 
and its potential complications. Awad has pre-
ferred the left thoracoscopic approach for intro-
ducing the articulated endostapler [Figure 38.1(C)].11 
The most recent modifi cation of the Collis gas-
troplasty is the stapled wedge gastroplasty pub-
lished in 2004 by Tierry, Vernon, and Hunter,12 
Lin and associates,13 and Hoang and coworkers.14 
This technique is performed laparoscopically, 
and requires the resection of a wedge of gastric 
fundus in order to staple the lesser curvature ver-
tically [Figure 38.1(D)]. The wedge gas troplasty 
has been developed because, with the fully lapa-
roscopic technique [Figure 38.1(B)], the apex of 
the tubularized fundus could become ischemic.12

38.1.5. Results

With regard to the transthoracic Collis–Belsey 
and Collis–Nissen operations, Pearson and 
Orringer reported an operative mortality of 0.5% 
to 1.1%.109–111 Other authors achieved analogous 
results.6,112–114 Complications related to the length-
ening gastroplasty included leaks and fi stulas, 
which occurred in 10% or fewer patients.77 
Pearson reported good long-term results in 84.5% 
and fair/poor results in 15.5%,115 and Orringer 
observed good results in 89%.110,111 The long-term 
results of the open Collis procedure associated 
with anti-refl ux surgery are not uniform, and sat-
isfactory results vary from 59%107,116 to 80%.26

With regard to the minimally invasive Collis–
Nissen, the early results are satisfactory and 
compare favorably with previous open surgery 
series. Mean operative time for Hunter’s series 
was 294 min,10 and for Swanstrom’s series, it was 
257 min.16 The average length of stay has been 2 
to 3 days.10,11,16,92 No operative mortalities were re
ported.10,11,12,14,16,92,117 Complications ranged from 
0% to 50%.10–12,14,16,92,117 Postoperative functional 
assessment at 12 months for Hunter’s series 
revealed that 11% of patients complained of refl ux 
symptoms and 11% had dysphagia.10 Short-term 
follow-up in Swanstrom’s series revealed no evi-
dence of recurrent refl ux.9 However in medium-
term follow up, 14% of patients complained of 
refl ux symptoms and 14% had dysphagia.16 No 

wrap failures or mediastinal herniations were 
observed.16 Awad and coworkers reported similar 
outcome data at a mean follow-up of 17 months: 
9% of patients complained of refl ux symptoms 
and 9% had dysphagia.23 They objectively docu-
mented a 9% wrap failure rate and a 9% medias-
tinal herniation rate.23 Pierre and colleagues118 
reported on a group of 112 patients with parae-
sophageal hernia who underwent a laparoscopic 
Collis–Nissen procedure. At a median of 18 
months of follow-up, the patients satisfaction rate 
was 93%, 16% required, at least occasionally, 
anti-secretory medications, and 6% had dyspha-
gia warranting dilation. Recurrent hiatal hernias.
were observed in 2.7%.118

The Collis gastroplasty is a suitable procedure 
also in case of re-operation after a failed anti-
refl ux procedure, as performed in open surgery by 
Deschamps in 62.7% of cases119 and recently in 
minimally invasive surgery by Luketich in 52.5%.120 
Two specifi c causes of malfunction of the length-
ening gastroplasty have been identifi ed. The neo-
esophagus’ lack of motility may predispose to 
dilation of the tube or contribute to postoperative 
dysphagia.13,14,77 Of more potential concern is the 
production of acid within the neoesophagus pro-
ducing localized esophagitis, as was observed in 
open Collis procedures.13,14,77,107 Jobe and cowork-
ers16 performed an objective follow-up in 15 
patients after laparoscopic lengthening gastro-
plasty and anti-refl ux fundoplication: in 7 of 15 
patients the neoesophagus above the wrap was 
found to contain parietal cells that continued to 
secrete acid. This was indicated by an abnormal 
postoperative DeMeester score and it was con-
fi rmed by positive Congo red testing of the 
suspected mucosa. In order to avoid leaving 
parietal cells above the fundoplication, Hunter 
suggests placing the highest stitch of the fundopli-
cation on the native esophagus.13 Although the 
Collis gastroplasty is conceptually appealing, 
these problems call into question the liberal 
ap plication of this technique during anti-refl ux 
surgery.13

38.2. Recommendations

All the data of the past and present literature 
originate from single center reports; no study was 
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randomized; the criteria for inclusion of patients 
were not defi ned; the indications for surgical 
therapy of GERD were not specifi ed; and the 
methods for studying the patients were neither 
standardized nor uniform. The surgical tech-
niques adopted in the last 10 years are substan-
tially different and have been applied to relatively 
small numbers of patients. In consequence, the 
quality of data of the body of literature available 
regarding the arguments treated in the present 
chapter is unfortunately low (level of evidence 3 
to 4). Nevertheless, every day patients affected by 
GERD undergo surgical therapy. It is imperative 
to draw empirical guidelines for the management 
of these patients.

Authors who believe that the lengthening 
gastroplasty is still the only way to manage true 
short esophagus and other complex situations 
agree on the following concepts: (1) the preopera-
tive evaluation offers the clinician positive ele-
ments of suspicion on the eventual complexity 
of the case, but the diagnosis of short esophagus 
can be made only in the operating room with 
a combined surgical and endoscopic measure-
ment of the distance between the GE junction 
and the diaphragm; (2) only after extensive mobi-
lization of the mediastinal esophagus; and (3) 
when the intra-abdominal portion of the esopha-
gus is shorter than 2 to 3 cm with no downward 
tension applied. With regard to the surgical 
techniques, many insist on the utility of perform-
ing the fundoplication around the proximal 
neo-esophagus.

38.3. Our Approach

The 25 years of clinical research of the Bologna 
group on anti-refl ux surgery, specifi cally on diag-
nosis, pathophysiology, and treatment of short 
esophagus, and the continuous attention paid 
to the work of others, has led us to progressively 
mature and share the above-mentioned princi-
ples according to our experience. We have 
adopted a series of technical details with the 
intention of eliminating the reasons for failure, 
still certainly not negligible, of the Collis proce-
dure associated with anti-refl ux surgery.26 At the 
present time, we believe that the only alternative 
to a lengthening gastroplasty for true short 
esophagus, with or without stricture or parae-
sophageal hernia, is long-term medical therapy, 
with the consequences already depicted.76 The 
preoperative barium swallow and the radiologic 
classifi cation in three steps of cranial migration 
of the GE junction75 provide enough information 
to adequately inform the patient and to plan the 
operative procedure.

When a concentric hiatus hernia or short 
esophagus are diagnosed radiologically, we place 
the patient in the 45° left lateral position on the 
operating table [Figure 38.2(A)]. Rotating the bed 
on the left or on the right, the surgeon can com-
fortably perform laparoscopy or laparoscopy-left 
thoracoscopy; the 10-mm optic port is placed at 
least 5 cm above the standard umbilicus position 
[Figure 38.2(A)]. The left thoracoscopic approach 
[Figure 38.2(B)] has been preferred because it 
permits effective control of the otherwise blind 
passage of the endostapler into the mediastinum 
and upper abdomen (if a second optic is not 
used). The tip of the stapler is clearly visible while 
walking the stapler tip along the left diaphragm. 
Moreover, with the left thoracic approach, the 
lower esophagus and hiatus are well displayed. 
The routine marking by clips of the GE junction 
with the help of the fi berscope is useful in placing 
the fundoplication in the correct position around 
the esophagus or the neo-esophagus. Intraopera-
tive endoscopy requires a few technical details to 
precisely measure the length of the intraabdomi-
nal esophagus: (1) defl ate the stomach to avoid 
distension of the fundus and the consequent 
shortening of the submerged esophageal segment; 
(2) mark the level of the gastric folds while 

The diagnosis of short esophagus can be made 
only in the operating room with a combined 
surgical and endoscopic measurement of the 
distance between the GE junction and the dia-
phragm, and only after extensive mobilization 
of the mediastinal esophagus. When these 
conditions are met and the intra-abdominal 
portion of the esophagus is shorter than 2 to 
3 cm with no downward tension applied, it is 
appropriate to perform a Collis gastroplasty 
(level of evidence 3 to 4; recommendation 
grade C).
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withdrawing the instrument [Figure 38.2(B,C)] 
measure the distance between the anterior apex 
of the hiatus (which is more cranial than the pos-
terior aspect) and the clips. For measuring the 
distance between the clips and the apex of the 
diaphragm, we have created an L-shaped ruler 
which eliminates the perspective errors caused 
by the bidimensional video image [Figure 
38.2(C)]. In order to avoid the formation of an 
amotile acid secreting pouch above the upper 
margin of the fundoplication, we consider it 
crucial that the neoesophagus is not longer than 
3 cm [Figure 38.2(D)]. With the thoracoscopic 
approach, the lengthening achieved with one 
application of the roticulator endostapler cannot 
exceed 3 cm. It is therefore always possible to 
include the entire neo-esophagus in the 360° 

fundoplication. To date, the neo-esophagus and 
the fundoplication always have been placed below 
the diaphragm without tension.

The importance of preserving a soft, balloon-
shaped gastric fundus to wrap smoothly around 
the neo-esophagus has been clearly pointed out 
in the past.121 With the EEA laparoscopic gastro-
plasty (same for the open Collis–Nissen), a long 
stiff fundus is frequently obtained that cannot 
softly cover the whole length of the neo-esopha-
gus. We believe that this was the main reason for 
some of the poor long-term results we obtained 
with the abdominal Collis–Nissen with respect to 
the Pearson operation, in the absence of ischemia 
of the stapled gastric remnant and of anatomical 
relapse.26 We extend this concern to the stapled 
wedge Collis gastroplasty techniques12–14 which 

A

B

C

D E

FIGURE 38.2. Left thoracoscopic–laparoscopic Collis–Nissen 
procedure: (A) position of the patient on the operative bed, the 
chest is rotated 45° to the right side, the optic port is placed 5 cm 
above the ombilicus in the mid line, the thoracoscopic port 
(12 mm) is placed in the posterior axillary line 5th to 7th interspace 

according to the size of the chest; (B) the tip of the fiberscope is 
in correspondence of the gastric folds; (C) the L-shaped ruler; (D) 
the neoesophagus, and (E) the floppy Nissen is anchored to the 
esophagus at the level of the native GE junction.
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drastically reduce the volume of the gastric 
fundus. To prevent the formation of a gastric 
pouch above the fundoplication we fi x the wrap 
laterally to the native cardia with two stitches 
placed at the apex of the gastroplasty [Figure 
38.2(E)]. To avoid the intraoperative splitting of 
the endosuture,26 we currently use a 46 Maloney 
bougie to calibrate the gastroplasty. We have not 
yet registered any cases of troubling dysphagia.

In summary, when treating complex cases 
of GERD, surgeons must optimize the pre- and 
intra-operative recognition of the anatomical and 
pathophysiological situation and must possess 
the experience and skill necessary to adequately 
perform very complex surgical procedures.
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plasty in the management of giant paraesopha-
geal hernias.

39.1. Preoperative Evaluation

The true incidence of the short esophagus in a 
giant paraesophageal hernia remains unknown. 
This is mainly because there is no single test that 
can accurately assess the degree of esophageal 
shortening preoperatively. Mittal and colleagues3 
analyzed the accuracy of preoperative assess-
ment in predicting the true incidence of short 
esophagus at the time of surgery. The criteria 
used for diagnosis of short esophagus preopera-
tively in their study included (1) hiatal hernia 
5 cm or larger on upright esophagogram, (2) large 
paraesophageal hernia (>5 cm), (3) stricture for-
mation or Barrett’s esophagus as evaluated by 
endoscopy, and (4) manometric esophageal length 
two standard deviations below their laboratory 
mean for height. Using these criteria they identi-
fi ed 39 patients as having a preoperative diagno-
sis of short esophagus. However, intraoperatively, 
only eight patients required an esophageal length-
ening procedure. The remaining 31 patients did 
not require an esophageal lengthening proce-
dure, and intra-operative mobilization was suf-
fi cient to allow the gastroesophageal junction to 
lie below the diaphragmatic crus. They concluded 
that, in their experience, the most sensitive pre-
operative test was an endoscopic fi nding of either 
a stricture or Barrett’s esophagus for predicting 
the need for lengthening. Another study from the 
same institution showed similar results, with the 

The herniation of stomach into the thorax has 
been classifi ed into four major types. The sliding 
hiatus hernia (type I), which is the commonest 
type and accounts for 95% of all cases, has the 
gastroesophageal (GE) junction as the leading 
point of the hernia.1 The GE junction is herniated 
into the thorax in this type of hernia. The pure 
paraesophageal hernia (type II), which is ex-
tremely rare, is characterized by a GE junction 
that maintains its intra-abdominal position while 
the fundus herniates into the chest through the 
anterolateral hiatus. The majority of the parae-
sophageal hernias (type III) are a combination of 
the above two types, in which the GE junction is 
herniated along with the fundus into the thorax. 
Finally, type IV hernias are those in which other 
organs like colon, small intestine, and spleen are 
also present in the sac.

Paraesophageal hernias are likely to incarcer-
ate or strangulate and may also present with a 
volvulus of the stomach, and hence often need to 
be operated on electively when diagnosed. Con-
troversy exists about the role of surgery, the 
approach (transthoracic or transabdominal), and 
the need for esophageal lengthening during 
repair. Esophageal shortening is a result of long-
standing gastroesophageal refl ux disease wherein 
chronic irritation and injury leads to fi brosis and 
scarring of the esophagus.2 This results in a rela-
tive shortening of the esophagus that cannot be 
reduced intra-abdominally at the time of repair, 
thereby precluding a tension-free repair. In this 
chapter we will review the incidence, preopera-
tive and intra-operative evaluation of esophageal 
shortening, and the role of lengthening gastro-
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sensitivity of 61% for an endoscopy in predicting 
esophageal shortening.4

Altorki and colleagues demonstrated that 77% 
of their patients had the gastroesophageal junc-
tion in the mediastinum, based on a preoperative 
barium swallow. However, none of their patients 
required a lengthening gastroplasty. In contrast, 
Maziak and colleagues5 noted that 91 of their 94 
patients had their gastroesophageal junction in 
the thorax and 75 of their patients ended up 
requiring a lengthening gastroplasty. The authors 
used manometry to measure the length of the 
esophagus between the upper and lower sphinc-
ters in 13 patients and found that the mean length 
in patients with giant paraesophageal hernias 
was signifi cantly lower compared to matched 
normal controls.

In summary, all patients with giant paraesoph-
ageal hernias should have a barium swallow and 
esophagoscopy prior to hernia repair. Manome-
try and acid testing are not very reliable in this 
group of patients. However, the most accurate 
way of determining esophageal shortening is in 
the operating room at the time of repair.

39.2. Lengthening Gastroplasty: 
Is It Necessary? What Is the 
Ideal Technique?

The role of esophageal lengthening gastroplasty 
remains a controversial point among clinicians 
as the true incidence of shortening is unknown. 
While there are no prospective, randomized, 
controlled trials comparing the outcomes with 
or without lengthening gastroplasty in patients 
with giant paraesophageal hernias, there are 
several reports of retrospective single-institution 
experiences.

The lengthening Collis gastroplasty is seeing 
an increasing application in the management of 
giant paraesophageal hernias in order to decrease 
the incidence of recurrent herniation. While 
there is consensus among most surgeons about 
the importance of adequate esophageal mobiliza-
tion, there is no consensus about the role of 
lengthening gastroplasty.

Traditionally, the majority of the paraesopha-
geal hernia repairs were open repairs either via a 

transabdominal or transthoracic approach. In 
recent years laparoscopic repairs of these hernias 
have shown mixed outcomes. Experienced centers 
have good results with this technique, while 
others report a high recurrence rate.

Maziak and colleagues, using an open trans-
thoracic approach, added a lengthening gastro-
plasty in 80% of their patients and had a very low 
recurrence rate of 2% over a median follow-up of 
72 months. In another large open transthoracic 
series (n = 240) from the University of Michigan, 
Patel and associates reported an addition of 
lengthening gastroplasty in the majority of their 
patients (96%) and reported an anatomical recur-
rence in 7.9% of the patients. These two retro-
spective reviews set a benchmark for outcomes 
following repairs of paraesophageal hernia as 
they have a large number of patients and a good 
follow-up. In contrast, there are two reviews 
where a lengthening gastroplasty was not rou-
tinely used in an open repair. Low and coworkers 
report their experience with 72 patients where a 
lengthening gastroplasty was not added in any 
patient and had a recurrence rate of 18% after a 
mean follow-up of 30 months. Similarly, Wil-
liamson and colleagues report a recurrence of 
11% after a median follow-up of 61 months. There 
is one report by Geha and colleagues where a 
lengthening gastroplasty was added in only 2% 
of the patients and on a routine postoperative 
swallow no recurrences were identifi ed. However, 
there is no long-term follow-up available in these 
patients and the timing of obtaining the barium 
swallow is not clear. Based on these results it is 
fair to say that addition of lengthening gastro-
plasty is associated with a lower rate of anatomi-
cal recurrences following paraesophageal hernia 
repair. Table 39.1 summarizes results of open 
technique for the repair.

These results are corroborated in the techni-
cally challenging laparoscopic approach for 
paraesophageal hernia repair. The University of 
Pittsburgh experience published by Pierre and 
coworkers6 sets the standard for the laparoscopic 
technique. The authors reported their experience 
on 200 patients with a recurrence rate of 2.5% 
after a median follow-up of 18 months. They per-
formed a lengthening gastroplasty on 56% of 
their patients using a laparoscopic approach. 
Several other series reported a high rate of 



320 K.R. Parekh and M.D. Iannettoni

recurrence using the laparoscopic approach7–11 
when a lengthening gastroplasty was not rou-
tinely used for esophageal shortening. Table 39.2 
summarizes the results following the laparo-
scopic technique of paraesophageal hernia repair. 
Andujar and colleagues in their experience with 
the laparoscopic technique report a 5% incidence 
of anatomical recurrence for the paraesophageal 
hernia; however, they also report a 20% incidence 
of a recurrent sliding hernia in their follow-up 
swallows. True paraesophageal hernias are rare 
and most of them are a combination of sliding 
and paraesophageal hernias. Although some 
authors argue about the clinical signifi cance of 

asymptomatic anatomical recurrences on post-
operative barium swallow, there is no long-term 
follow-up available on these asymptomatic ana-
tomical recurrences. There is only one report, by 
Hashemi and associates,12 which compares the 
open techniques with laparoscopic techniques. 
They performed a lengthening gastroplasty in 
only one of their 54 patients. In their experience 
laparoscopic technique had a higher rate of recur-
rence (42% vs. 15%) compared to open technique.

Thus, published data suggests that addition of 
a lengthening gastroplasty is associated with a 
lower incidence of recurrent herniation by open 
or laparoscopic technique. The evidence (level of 

TABLE 39.1. Outcomes of paraesophageal hernia repairs following open technique.

   Lengthening Anatomical  Level of
Reference Year N gastroplasty recurrence Follow-up evidence

Williamson13 1993 119   1 (0.8%) 11% 61 months (median) 3
     
     
Allen14 1993 124  81 (68%) na 42 months (median) 3
     
     
Maziak5 1998  94  75 (80%) 2 (2%) 72 months (median) 3
     
     
Altorki15 1998  47  0 (0%)  3 (6.3%) 45 months (median) 3
     
     
Geha16 2000 100  2 (2%) 0 (0%) na 3
Patel1 2004 240 231 (96%) 19 (7.9%) 42 months (median) 3
     
     
Low17 2005  72  0 (0%) 11 (18%) 30 months (mean) 3

Abbreviation: na, not available.

TABLE 39.2. Outcomes of paraesophageal hernia repair following laparoscopic technique.

   Lengthening Anatomical  Level of
Author Year N gastroplasty recurrence Follow-up evidence

Trus18 1997  76  6 (7.9%)   9 (11%)  3
Dahlberg9 2001  37  1 (2.7%)   4 (13%) 15 months (median) 3
Wiechmann11 2001  60  0 (0%) 3/44 (9%)  6 months 3
Mattar7 2002 136  6 (5%) 14/32 (43%) 40 months (mean) 3
Pierre6 2002 203 112 (56%)   5 (2.5%) 18 months (median) 3
Jobe8 2002  52  0 (0%) 11/34 (32%) 37 months (mean) 3
Diaz10 2003 116  6 (5%)  21 (32%)  3
Andujar19 2004 166  0 (0%)   6 (5%)a 15 months (mean) 3
      24 (20%)b

aRecurrent paraesophageal hernias.
bRecurrent sliding hernias.
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evidence 3) suggests that all patients with giant 
paraesophageal hernia repair should have an open 
repair (recommendation grade C) and a lengthen-
ing gastroplasty should be added if there is any 
question of esophageal shortening (recommenda-
tion grade C). Laparoscopic repairs can be per-
formed with good results in experienced hands. 

 3. Mittal SK, Awad ZT, Tasset M, et al. The preopera-
tive predictability of the short esophagus in 
patients with stricture or paraesophageal hernia. 
Surg Endosc 2000;14:464–468.

 4. Awad ZT, Mittal SK, Roth TA, Anderson PI, Wilfl ey 
WA Jr, Filipi CJ. Esophageal shortening during 
the era of laparoscopic surgery. World J Surg 
2001;25:558–561.

 5. Maziak DE, Todd TR, Pearson FG. Massive hiatus 
hernia: evaluation and surgical management. J 
Thorac Cardiovasc Surg 1998;115:53–60; discus-
sion 61–62.

 6. Pierre AF, Luketich JD, Fernando HC, et al. Results 
of laparoscopic repair of giant paraesophageal 
hernias: 200 consecutive patients. Ann Thorac 
Surg 2002;74:1909–1915; discussion 1915–1916.

 7. Mattar SG, Bowers SP, Galloway KD, Hunter JG, 
Smith CD. Long-term outcome of laparoscopic 
repair of paraesophageal hernia. Surg Endosc 
2002;16:745–749.

 8. Jobe BA, Aye RW, Deveney CW, Domreis JS, Hill 
LD. Laparoscopic management of giant type III 
hiatal hernia and short esophagus. Objective 
follow-up at three years. J Gastrointest Surg 2002;
6:181–188; discussion 188.

 9. Dahlberg PS, Deschamps C, Miller DL, Allen MS, 
Nichols FC, Pairolero PC. Laparoscopic repair of 
large paraesophageal hiatal hernia. Ann Thorac 
Surg 2001;72:1125–1129.

 10. Diaz S, Brunt LM, Klingensmith ME, Frisella PM, 
Soper NJ. Laparoscopic paraesophageal hernia 
repair, a challenging operation: medium-term 
outcome of 116 patients. J Gastrointest Surg 2003;
7:59–66; discussion 67.

 11. Wiechmann RJ, Ferguson MK, Naunheim KS, et 
al. Laparoscopic management of giant paraesoph-
ageal herniation. Ann Thorac Surg 2001;71:1080–
1086; discussion 1086–1087.

 12. Hashemi M, Peters JH, DeMeester TR, et al. Lapa-
roscopic repair of large type III hiatal hernia: 
objective followup reveals high recurrence rate. J 
Am Coll Surg 2000;190:553–560; discussion 560–
561.

 13. Williamson WA, Ellis FH Jr, Streitz JM Jr, Shahian 
DM. Paraesophageal hiatal hernia: is an antirefl ux 
procedure necessary? Ann Thorac Surg 1993;56:447–
451; discussion 451–452.

 14. Allen MS, Trastek VF, Deschamps C, Pairolero PC. 
Intrathoracic stomach. Presentation and results of 
operation. J Thorac Cardiovasc Surg 1993;105:253–
258; discussion 258–259.

 15. Altorki NK, Yankelevitz D, Skinner DB. Massive 
hiatal hernias: the anatomic basis of repair. J 
Thorac Cardiovasc Surg 1998;115:828–835.

Addition of a lengthening gastroplasty is asso-
ciated with a lower incidence of recurrent her-
niation after repair of giant paraesophageal 
hernia by open or laparoscopic technique. A 
lengthening gastroplasty should be added if 
there is any question of esophageal shortening 
(level of evidence 3; recommendation grade 
C).

At our institution, we evaluate all patients with 
paraesophageal hernia with a barium swallow 
and an endoscopy at the time of the operation. 
Manometry is not routinely performed on these 
patients. Intraoperatively we perform the repair 
via a left thoracotomy and routinely perform a 
Collis gastroplasty along with a Nissen fundopli-
cation on majority of our patients.

In summary, the incidence of esophageal 
shortening in giant paraesophageal hernia is 
unknown. There is no single preoperative inves-
tigation that can identify all patients with true 
esophageal shortening and the most defi nitive 
way of determining shortening is intraopera-
tively. The data suggests that the recurrence rate 
following repair is higher if a lengthening gastro-
plasty is not used routinely in cases of esophageal 
shortening.
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40
Management of Zenker’s Diverticulum: 
Open Versus Transoral Approaches
Douglas E. Paull and Alex G. Little

but symptoms that suggest such a possibility 
include hemoptysis/hematemesis, complete 
esophageal obstruction, and a sudden increase in 
chronic symptoms.9 The only physical fi nding of 
Zenker’s diverticulum is Boyce’s sign, the gur-
gling sensation and noise generated beneath 
the examiner’s fi ngertips as the neck mass is 
compressed.5

Zenker’s diverticulum is easily identifi ed on 
barium swallow and video fl uoroscopy. Unless 
signs or symptoms suggest the rare malignancy, 
most authors do not recommend preoperative 
endoscopy given the hazard of perforation. 
Although the diverticulum originates posteri-
orly, it usually projects to the patient’s left neck 
and inferiorly, towards the mediastinum. The 
diverticulum can be staged according to size 
using either the Brombart or Lahey classifi ca-
tions.10,11 Diverticular size is defi ned as small 
(<2 cm), medium (2–4 cm), or large (>4 cm). Diver-
ticular size plays an important role in the selec-
tion of therapy.

There is no viable medical treatment option for 
Zenker’s diverticulum, although esophageal dila-
tion and Botox injection have been utilized with 
poor results. The surgical treatment options are 
of two types: open and transoral endoscopic pro-
cedures. Open procedures include (1) myotomy 
alone for small diverticula; (2) myotomy and 
diverticulectomy; and (3) myotomy and divertic-
ulopexy. Endoscopic procedures include (1) the 
Dohlman procedure utilizing diathermy or laser 
and (2) endoscopic stapling. The purpose of this 
chapter is to compare and contrast the tech-
niques, complications, and results of open versus 

Pharyngoesophageal (Zenker’s) diverticulum is a 
false diverticulum of the cervical esophagus. 
This pulsion diverticulum is composed of mucosa, 
covered by thin areolar tissue, herniating at 
Killian’s triangle between the obliquely posi-
tioned inferior constrictor muscle and the 
transversely oriented cricopharyngeus muscle. 
Pharyngoesophageal diverticulum was fi rst 
described by Abraham Ludlow in 17641 as a “bag 
formed in pharynx.” Friedrich Albert Zenker in 
1867 described the clinicopathological character-
istics of 23 previous cases and 5 of his own cases 
in Kraukenheiten Des Oesophagus.1,2 The patho-
physiology of Zenker’s diverticulum has been 
attributed to functional abnormalities of the 
upper esophageal sphincter zone created by the 
cricopharyngeus muscle. Cricopharyngeal spasm 
and achalasia, cricopharyngeal incoordination, 
impaired upper esophageal sphincter opening, 
and structural changes of the cricopharyngeal 
muscle have all been implicated in the etiology of 
Zenker’s diverticulum.3,4

The incidence of Zenker’s diverticulum is 2 per 
100,000/year and it is more common in men than 
women.5 Patients mainly present in the seventh 
and eighth decades of life. The disease is rare in 
patients before the age of 40.6,7 Patients may have 
symptoms for years prior to the diagnosis. Typical 
symptoms include dysphagia and regurgitation. 
Patients may also complain of halitosis, choking, 
cough, weight loss, and/or hoarseness. Aspira-
tion of food may lead to pneumonia and lung 
abscess. Massive bleeding from ulcers in the 
diverticulum is unusual, but may require urgent 
intervention.8 Cancer in the diverticulum is rare, 
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endoscopic procedures. Level of evidence and 
grade of recommendation for the procedures are 
provided in the concluding summary.

40.1. Open Approaches

40.1.1. Open Techniques

Although myotomy alone has been accomplished 
under local anesthesia, the majority of patients 
undergoing an open procedure will benefi t from 
general anesthesia for comfort and to prevent 
aspiration.12 A left lateral cervical incision along 
the anterior border of the sternocleidomastoid 
muscle is the most common approach. The 
carotid sheath is gently retracted laterally, the 
larynx retracted medially, and the omohyoid 
muscle either divided or retracted inferiorly. The 
middle thyroid vein and inferior thyroid artery 
are divided. The diverticulum is carefully dis-
sected free from its attachments to surrounding 
tissues. Placement of a 28F to 50F bougie in the 
esophagus facilitates the dissection and prevents 
compromise of the esophageal lumen at divertic-
ulectomy. Most authors believe myotomy is the 
indispensable component of an operation for 
Zenker’s diverticulum. Cricopharyngeal myotomy 
is performed posterolaterally, avoiding any injury 
to the recurrent laryngeal nerve. (See Figure 
40.1)

Following the myotomy, in all but patients with 
small diverticula, either diverticulectomy or 
diverticulopexy is performed. Recent experiences 
utilizing endoscopic staplers for diverticulec-
tomy, especially with 3.5-mm staples, report a 
low leak rate and early resumption of oral diet 
compared to results after excision and suturing.13 
Publications on patients undergoing myotomy 
and stapled diverticulectomy have reported 
resumption of liquid diet on postoperative day 1 
and discharge to home by postoperative day 3.14

Proponents of diverticulopexy claim a lower 
rate of fi stula, mediastinitis, and stricture; a 
quicker resumption of diet; and shorter hospital 
stay when compared to diverticulectomy. After 
the sac is dissected, it is oriented superiorly, and 
sewn to the prevertebral fascia. The sac then 
empties by gravity into the esophagus. Bremner 
recommends using diverticulum size to select 
patients and employs diverticulectomy for sacs 

more than 5 cm and diverticulopexy for sacs less 
than 5 cm.15 Diverticulopexy has been suggested 
to be the preferred treatment of debilitated 
patients with concurrent illness to avoid the risk 
of a suture/staple line leak.

40.1.2. Results of Open Operation

By far the largest reported series of open diver-
ticulectomy, which included patients with and 
without myotomy, for Zenker’s diverticulum is by 
Payne at the Mayo Clinic in 1983.16 In this land-
mark study of 888 patients, 93% of patients were 
improved at a follow-up of 14 years. Operative 
mortality was 1.2%, and recurrence occurred in 
3.6% of patients. Allen, reporting in 1995 on a 
subset of the same patients, noted a fi stula rate of 
3% and vocal cord dysfunction in 3.1%.17 Barth-
len (1990) reviewed 43 patients with Zenker’s 
diverticulum undergoing open procedures, of 
whom 32 were treated by myotomy and diverticu-
lectomy.6 There was no mortality, no recurrence, 
and 82% of postoperative patients were com-
pletely asymptomatic. Crescenzo (1998) studied 
75 patients treated with an open procedure, 57 
undergoing myotomy and diverticulectomy.18 
There were no deaths, a 5.3% fi stula rate was 

FIGURE 40.1. Open procedure. Approach is via a left cervical 
incision. The thyroid and larynx are gently retracted medially, 
the carotid sheath laterally. Diverticulum has been completely 
dissected from surrounding tissues. Cricopharyngeal myotomy is 
shown being performed posterolaterally, avoiding the recurrent 
laryngeal nerve. The diverticulum is subsequently either resected 
or suspended as described in the text.
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reported, the hospital stay averaged 5 days, and 
94% of patients were signifi cantly improved. The 
most common cause of late death was coronary 
artery disease.

Alternative open procedures have excellent 
results as well. Laccoudeye (1994), Fraczek (1998), 
and Konowitz (1989) all demonstrated fewer leaks 
and shorter hospital stay for their diverticulo-
pexy patients compared to their diverticulectomy 
patients.19–21 Schmit (1992) reported on 48 patients 
with small diverticula undergoing myotomy 
alone under local anesthesia.12 Mortality was 
2.1%, hospital stay was 2.7 days, and 70% of 
patients had good to excellent results.

Manometric abnormalities generally improve 
following myotomy and diverticulectomy. Preop-
erative versus postoperative fi ndings include 
pharyngoesophageal dyscoordination in 45% 
versus 8%, late relaxation of the upper esopha-
geal sphincter in 50% versus 8%, and incomplete 
relaxation in 38% versus 8%.6 Normal manomet-
ric fi ndings are present in only 40% of preopera-
tive patients and this increases to 92% of patients 
postoperatively. Postoperative barium swallow 
studies may show a residual diverticulum, crico-
pharyngeal bar, indentation, or aspiration.22 
However, multiple studies have demonstrated no 
correlation between these postoperative radio-
graphic abnormalities and the presence or 
absence of recurrent symptoms.

As shown in Table 40.1, open myotomy and 
diverticulectomy is a time-tested operation for 
Zenker’s diverticulum. Meticulous surgical tech-
nique results in low mortality in an elderly patient 
population with multiple comorbidities. Success 
rates are outstanding and enduring. The primary 
disadvantages of open procedures include sig-
nifi cant complication rates and relatively long 
hospital stays; the more serious complications of 
fi stula and vocal cord paralysis are relatively 
infrequent. Open diverticulopexy, compared to 
diverticulectomy, appears to have similar out-
comes with a low risk of complications, earlier 
resumption of diet, and shorter hospital stays. 
One advantage of open diverticulectomy over 
endoscopic stapling or open diverticulopexy is 
the removal of the sac. Carcinoma has been 
reported in 0.4% to 3.7% of Zenker’s diverticula.23 
For this reason, even some proponents of 
endoscopic stapling suggest a role for open 
diverticulectomy and myotomy in younger 
patients.24

In summary, the results of open procedures for 
Zenker’s diverticulum can be characterized as 
demonstrating: (1) a high degree of success; (2) 
low mortality; (3) a low recurrence rate; and (4) 
durable results upon long-term follow-up. This is 
accomplished with a complication rate of approx-
imately 10%, although most complications are of 
a minor nature.6,7,16,18–21,25

TABLE 40.1. Open procedures for Zenker’s diverticulum.

       Follow-up
Study (year) Operation No. patients Complicationsa Mortality Successb Recurrencec (months)

Payne16 (1983)  D + M 888 6.1% 1.2% 93% 3.6% 60–168
Konowitz19 (1989) D,P + M 32 18% 0% 100% 0% 5–60
Barthlen6 (1990)  D + M 43 9.3% 0% 82% 0% 25
Laccourreye20 (1994) D,P + M 43 30% 2.3% 100% 0% 6–24
Bonafede7 (1997)  D + M 87 24% 3.4% 90% 1% 7.5
Fraczek21 (1998) D,P + M 37 46% 0% 95% 0%  1–228
Crescenzo18 (1998)  D + M 75 11% 0% 94% 5.3% 40
Feeley25 (1999)  D + M 24 37% 0% 100% 0% 18
Total/weighted average  1186 11% 1.0% 92% 3%  95d

Abbreviations: D + M, majority of patients in study underwent diverticulectomy and myotomy; D,P + M, patients underwent diverticulopexy or diver-
ticulectomy and mytomy.
aComplications include aspiration, fistula, hematoma, mediastinitis, myocardial infarction, pneumonia, stricture, wound infection, urinary tract infec-
tion, and vocal cord paralysis.
bSuccess defined as good-to-excellent result with either no symptoms or improved symptoms postoperatively.
cRecurrence defined as recurrent symptoms requiring a second operation.
dTotal number of follow-up months /1186 total patients.
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40.2. Endoscopic Approaches

40.2.1. Background

Transoral endoscopic surgery, dividing the crico-
pharyngeal bar between the sac and the esopha-
gus, was fi rst performed by Mosher in 1917.26 
Dohlman, in 1935, introduced a specialized 
diverticuloscope and cautery into the endoscopic 
armamentarium and reported on a series of 100 
patients so treated in 1960.27 Overbeek further 
refi ned the endoscopic approach with the use of 
a 400-mm-lens operating microscope, allowing 
more precise division of the common wall.28 In 
1993, Collard introduced the use of the linear 
stapler to divide the tissue bridge to obtain a 
secure closure, reducing the risk of mediastinitis 
and bleeding.29

40.2.2. Endoscopic Techniques

General anesthesia is employed and the patient is 
placed in the supine position with the neck 
extended. A dental guard helps prevent tooth 
injuries from the rigid diverticuloscope. A 
Weerda diverticuloscope is inserted transorally 
with the long tip placed in the esophagus and the 
shorter tip in the sac. The instrument is gently 
spread, exposing the bar of tissue separating the 
posterior sac lumen from the anterior esophageal 
lumen. The scope is held in place with the aid of 
a chest support. A telescope with an attached 
camera and monitor provide excellent exposure. 
The pouch is inspected, debris is removed, and 
cancer is excluded. An endoscopic linear cutting 
stapler is used to divide the exposed bridge of 
tissue. A V-shaped opening between the sac and 
esophagus is created, forming a common cavity. 
Endoscopic sutures may be placed for traction 
prior to application of the stapler. Depending on 
the size/length of the pouch, a second, and rarely 
a third, stapling application may be required. A 
small residual spur often results, but it is safer to 
under divide than risk perforation and mediasti-
nitis. (See Figure 40.2)

When perforation does occur, it is usually 
detected intraoperatively and can be treated with 
endoscopic suture, conversion to an open proce-
dure, or conservative treatment with antibiotics 
and nothing by mouth.30 The postoperative care 

of the uneventful endoscopic stapling usually 
includes a liquid diet within 6 to 12 h and dis-
charge by postoperative day 1 or 2. While a chest 
X ray is often routinely performed to exclude cer-
vical/subcutaneous/mediastinal emphysema; a 
postoperative barium swallow study is not usually 
obtained.

There are other endoscopic techniques besides 
stapling. The Dohlman procedure is similar to 
the stapling approach but either a carbon dioxide 
(CO2) laser or electrocautery are utilized to divide 
the tissue between the diverticulum and the 
esophagus to create a common cavity. In an effort 
to avoid general anesthesia altogether, a number 
of authors have reported the use of a soft diver-
ticuloscope and fl exible endoscopy, with division 
of the tissue bar utilizing a needle knife papillo-
tome or argon plasma coagulator.31

40.2.3. Results of Endoscopic Techniques

A review of over 29 papers involving patients 
undergoing endoscopic stapling by Sen revealed 
that: general anesthesia was applied in all cases; 
80% of the cases were performed in Europe; 
endoscopic stapling was abandoned in 0% to 30% 
of patients because of limited neck extension, 
prominent incisors, a small diverticulum, or a 
mucosal tear; patients resumed a diet within 24 h 
postoperatively; and the hospital length of stay 
was 2 to 3 days.32 Complications occurred in 0% 

FIGURE 40.2. Endoscopic stapling. Via the Weerda 
diverticuloscope, not shown, the endoscopic stapler is inserted, 
with the stapler cartridge in the esophageal lumen and the 
cutting platform blade in the diverticulum. Firing the stapler 
creates a V-shaped opening between the sac and esophagus, 
forming a common cavity. Depending on the size of the pouch, 
more than one stapling application may be required.
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to 17% of patients, and mortality was 0.43%. In 
short-term follow-up, 53% to 100% of patients 
had complete resolution of symptoms. Postma, in 
a review of fi ve series totaling 230 patients under-
going endoscopic stapling, reported a complica-
tion rate of only 0% to 3%.33

Complications such as vocal cord paralysis, an 
occasional complication of open procedures, are 
exceedingly rare after endoscopic stapling.34 As 
shown in Table 40.2, advantages of endoscopic 
stapling include (1) shortened operating/anesthe-
sia time; (2) early resumption of oral intake; (3) 
short hospital stay; (4) few complications and low 
mortality; (5) ease of application in open failures; 
and (6) excellent symptom relief.25,35–49 Manomet-
ric studies following endoscopic stapling have 
consistently demonstrated a reduction of intra-
bolus pressure and upper esophageal sphincter 
pressures.35,40

Possible disadvantages of endoscopic stapling 
include: (1) diffi culty in managing small (<2 cm) 
diverticula; (2) stapling diffi culty due to expo-
sure problems secondary to cervical arthritis or 
craniofacial abnormalities; (3) relatively high 

symptom recurrence rates; (4) residual pouch; 
(5) persistence of sac and possibilities of future 
cancer; and (6) lack of information on long-term 
outcomes because of relatively short follow-up.

Proponents of endoscopic stapling point out 
that recurrent symptoms are rather easily handled 
by a second, or in some cases, a third stapling. 
Small sacs can be treated utilizing traction 
sutures or converted to endoscopic laser treat-
ment. Studies document a residual pouch in 
nearly 100% of patients undergoing endoscopic 
stapling.50 This is in contrast to the much lower 
incidence in postoperative open procedure 
patients. However, the presence of a small pouch 
distal to the cricopharyngeus appears to have no 
correlation to symptoms.

Von Doersten reviewed 40 cases of the Dohlman 
procedure in which electrocautery was utilized 
to divide the tissue bridge.51 Operative time was 
41 min. Average hospital stay was 4.5 days. There 
were no postoperative deaths. Pneumomediasti-
num occurred in 4 (10%) of patients, but all 
responded to conservative treatment without re-
operation. Thirty-seven (92%) of the 40 patients 

TABLE 40.2. Endoscopic stapling for Zenker’s diverticulum.

 No. Converted     Follow-up
Study (year) patients to opena Complicationsb Mortality Successc Recurrenced (months)

Baldwin38 (1998) 51 2% 2% 0% 100% 0% 15.5
Scher49 (1998) 36 5% 3% 0% 89% 5% 9.3
Peracchia35 (1998) 95 3% 0% 0% 98% 5% 23
Narne40 (1999) 102 4% 0% 0% 100% 4% 16
Omote42 (1999) 21 0% 5% 5% 95% 0% 12
Cook39 (2000) 74 8% 3% 0% 96% 9% 17
Phillipsen44 (2000) 14 14% 7% 0% 100% 14% na
Luscher37 (2000) 23 0% 4% 0% 96% 4% 12
Sood41 (2000) 44 0% 22% 2% 95% 9% na
Jaramillo43 (2001) 32 16% 4% 0% 87% 7% 24
Thaler45 (2001) 23 30% 0% 0% 87% 13%   1–24
Raut47 (2002) 25 8% 8% 0% 61% 35%  24–60
Stoeckli36 (2002) 30 10% 27% 0% 96% 4% 13
Chiari48 (2003) 46 15% 10% 0% 85% 11% na
Chang46 (2003) 159 6% 7% 0% 98% 11% 32
Total/weighted Average 798 7% 6% 0.2% 92% 8%  21e

Abbreviation: na, not applicable.
bComplications including aspiration, bleeding, cervical emphysema, cervical spine irritation, dental injury, mediastinitis, myocardial infarction, 
pharyngeal perforation, pneumonia, postoperative fever, urinary tract infection, and vocal cord paralysis.
aConverted to an open procedure because of insufficient exposure (limited neck extension, retrognathia, etc.) or mucosal tear.
cSuccess defined as good-to-excellent result with either no symptoms or improved symptoms postoperatively.
dRecurrence defined as recurrent symptoms requiring a second operation.
eTotal number of follow-up months/798 total patients.
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were asymptomatic at an average follow-up of 42 
months.

The results of treatment of Zenker’s diverticu-
lum using the endoscopic CO2 laser to divide the 
tissue bridge are also favorable. In one study of 
119 patients treated with CO2 laser, there were no 
cases of postoperative mediastinitis, and 90% of 
patients were asymptomatic at 1-to 3-year follow-
up.52 Nyrop reported on 61 patients endoscopi-
cally treated with the CO2 laser.53 Eight percent 
had postoperative emphysema in the neck and 
3% of patients developed evidence of mediastini-
tis; all of the latter were successfully treated with 
antibiotics and nasogastric feeding. Ninety-two 
percent of patients were satisfi ed with the result, 
and 70% were asymptomatic at a median follow-
up of 37 months.

40.2.4. Open Verus Endoscopic Approaches: 
Retrospective Studies

Seventy-fi ve percent of surgeons perform fewer 
than three operations for Zenker’s diverticulum 
per year. The choice of open procedure or endo-
scopic stapling varies. Endoscopic stapling is the 
procedure of choice among 83% of British sur-
geons but is less commonly performed in the 
United States.54 Otolaryngologists are more likely 
to favor endoscopic stapling.

Unfortunately, there is no randomized, con-
trolled trial of open procedures versus endoscopic 
stapling for Zenker’s diverticulum. There have 
been a number of retrospective studies directly 

comparing the results of the two techniques. 
Several literature reviews from 1990–2002 have 
been conducted specifi cally comparing open to 
endoscopic procedures for Zenker’s diverticulum, 
as seen in Table 40.3.55–61 Endoscopic stapling has 
a shorter operative duration, lower complication 
rate, lower mortality rate, shorter hospital stay, 
and shorter time to oral intake than open proce-
dures. Both endoscopic stapling and open proce-
dure patients provide good relief of symptoms. 
However, long-term follow-up is lacking for 
endoscopic stapling, whereas open procedures 
have known, durable results. Furthermore, recent 
studies of open procedures using endoscopic sta-
plers have demonstrated hospital stays of 2 days, 
rivaling that for endoscopic stapling.14

40.3. Recurrent Zenker’s 
Diverticulum

Re-operative diverticulectomy and myotomy for 
recurrent Zenker’s diverticulum following a 
failed open procedure is typically successful, 
albeit with a higher mortality and morbidity rate. 
Huang (1984) reported on open diverticulectomy 
for 31 recurrent patients.62 Six of 31 developed a 
postoperative fi stula, and altogether 35% patients 
had postoperative complications. Of 28 evaluable 
patients, 27 had a good to excellent result. Payne 
(1992) reported a mortality of 3% and a morbidity 
of 51% in a large series of patients undergoing 
redo open operation.63

TABLE 40.3. Open versus endoscopic procedures for Zenker’s diverticulum: retrospective studies.

 OR (min) LOS (days) Complications (%) Mortality (%) Successa (%)

Study (year) Operation No. Open Endoscopic Open Endoscopic Open Endoscopic Open Endoscopic Open Endoscopic

Van Eeden55 (1999) O vs. ES  37 na na 4.0 2.3 23 6 0 0  70  88
Zbaren60 (1999) O vs. D  97 na na 11.4 8 15 6.4 1.5 0  94  97
Smith56 (2002) O vs. ES  16  88 25 5.2 1.3 0 6 0 0 100 100
Mirza57 (2002) O vs. ES  43 na na 8.5 3.0 13 15 0 0  91  55
Zaninotto58 (2003) O vs. ES  58  80 20 9 5 9 0 0 0 100  87
Safdar59 (2004) O vs. ES  19 105 25 10 3.9 22 0 0 0 100 100
Chang61 (2004) O vs. D  49 107 47 5 4 14 8 0 0 100 90
Total/average  319  95 29 7.6 3.9 13.7 5.9 0.2 0  94  88

Abbreviations: D, majority of endoscopic patients having Dohlman procedure; Endo, endoscopic procedure; ES, majority of endoscopic patients having 
endoscopic stapling; LOS, length of hospital stay postoperatively; na, not applicable; O/open, open diveticulectomy and myotomy group; OR, operating 
room.
aSuccess defined as good-to-excellent result with either no symptoms or improved symptoms postoperatively.
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Scher published the outcomes of 18 patients 
with recurrent Zenker’s diverticulum treated 
with endoscopic stapling.64 The primary opera-
tion was an open procedure in nine cases and 
endoscopic stapling in nine cases. There were no 
perioperative complications and all patients were 
discharged by postoperative day 2. Symptom 
relief occurred in 16 of 18 patients.

40.4. Conclusions

Based on our review, the following observations 
can be made65:

1. Both open and endoscopic approaches 
provide equivalent early results in experienced 
hands (level of evidence 2+; recommendation 
grade B).

2. Since longer follow-up is available with the 
open approach, it remains the standard. However, 
intermediate follow-up of endoscopically treated 
patients with stapling and longer term follow-up 
with the Dohlman procedure suggest similar out-
comes. Endoscopic approaches may eventually 
prove to be preferable in the majority of patients, 
especially the elderly, with medium-sized 
pouches. Complications are minimal, and relief 
of symptoms is high. Patients who have limita-
tion of neck extension, retrognathia, goiters, or 
other exposure problems prohibiting stapler use 
may undergo either an open procedure or endo-
scopic laser treatment depending on the surgeon’s 
preference and skill (level of evidence 2++; rec-
ommendation grade B).

3. Patients with a small diverticulum, less 
than 2 cm, should undergo open myotomy (level 
of evidence 2++; recommendation grade B).

4. Patients who develop a mucosal tear during 
endoscopic stapling may be repaired endoscopi-
cally, treated conservatively, or converted to an 
open procedure depending on the particular 
clinical circumstance (level of evidence 2++; rec-
ommendation grade B).

5. Patients with recurrent pouch after previ-
ous open procedure are probably best approached 
by endoscopic stapling given the high com-
plication rate associated with redo open proce-
dures (level of evidence 3; recommendation 
grade D).

6. Patients with suspected cancer in the pouch 
based on symptoms, barium studies, or endos-
copy should undergo open diverticulectomy and 
myotomy (level of evidence 3; recommendation 
grade D). 

Both open and endoscopic approaches provide 
equivalent early results in experienced hands 
(level of evidence 2++; recommendation grade 
B).

Patients with a small diverticulum (<2 cm) 
should undergo open myotomy (level of evi-
dence 2++; recommendation grade B).

Patients with a recurrent pouch after previ-
ous open procedure are best approached by 
endoscopic stapling (level of evidence 3; rec-
ommendation grade D).
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41
Management of Minimally Symptomatic 
Pulsion Diverticula of the Esophagus
Giovanni Zaninotto and Giuseppe Portale

Midthoracic diverticula account for 10% to 
17% of all esophageal diverticula (14 tuberculo-
sis-associated midthoracic esophageal divertic-
ula were found in 15,000 autopsies4). Radiological 
studies (contrast esophagograms) have shown a 
prevalence of epiphrenic diverticula of around 
0.015% in the United States, and up to 0.77% in 
Japan and 2% in Europe.5–7 The true prevalence 
of epiphrenic diverticula remains unknown, 
however. Trastek8 estimated the ratio of epi-
phrenic to Zenker’s diverticula at 1 : 5, and, 
because it is generally assumed that the incidence 
of Zenker’s diverticula is less than 1/100,000/year, 
the estimated incidence of epiphrenic diverticula 
is approximately 1/500,000/year; these fi gures 
gives us an idea of just how rare diverticula of the 
thoracic esophagus are.

The clinical questions to address when dealing 
with diverticula of the thoracic esophagus 
are:

1. Do they need treatment?
2. If surgery is warranted, should only a diver-

ticulectomy be performed, or do we need to 
routinely perform a myotomy to deal with the 
underlying esophageal motor disorder?

3. Which is the best approach: open or mini-
mally invasive?

4. Which is the best route: transthoracic or 
transabdominal?

The aim of this chapter is to review the current 
medical literature for evidence to support deci-
sions on these issues. The disease is so rare that 
only cohort studies or case series with a low level 
of evidence (2+ to 3) have been published in the 

Diverticula of the esophageal body are protru-
sions or outpouchings of the esophageal lumen. 
They are usually classifi ed according to their ana-
tomical relationship with the esophagus and/or 
mechanism of formation: diverticula originating 
close to the middle third of the esophagus, 4 to 
5 cm from the carina, are defi ned as midthoracic 
or parabronchial diverticula; diverticula close to 
the diaphragm are named epiphrenic diverticula. 
Midthoracic diverticula have been seen as the 
consequence of chronic infl ammatory processes 
starting from the mediastinal lymph nodes 
(usually from granulomatous disease, as in tuber-
culosis) and involving the esophageal wall; they 
have also been called traction diverticula, accord-
ing to Rokitansky.1 An abnormal esophageal 
motility, generating high intraluminal pressures 
in short segments of the gullet, with or without 
esophageal wall weakness, can lead to mucosal 
herniation2 and the development of pulsion diver-
ticula. Epiphrenic diverticula are generally con-
sidered secondary to abnormal motility.

Such anatomical and pathogenic consider-
ations have been challenged, however. According 
to Jordan, small diverticula can originate any-
where in the distal half of the esophagus and 
when they become larger, approaching the dia-
phragm, they acquire the status of epiphrenic 
diverticula.3 Some authors believe that traction 
diverticula are nonexistent, or extremely rare, 
and the underlying mechanism is really always 
an abnormal esophageal motility; others claim 
that esophageal abnormalities are not always 
identifi able (and/or demonstrable) in all epi-
phrenic diverticula.
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medical literature. The overall grade of the evi-
dence upon which our recommendations are 
made is thus C.

41.1. Do All Esophageal Thoracic 
Diverticula Need Treatment?

This statement from Orringer is quoted in many 
articles addressing this issue: “A masterful 
inactivity in asymptomatic or mildly disturbing 
diverticula is a good practice even if, in this time 
of mini-invasive surgery and stapling device, an 
esophageal diverticulectomy may represent a 
tempting trophy for a hyperactive surgeon.”9 This 
is a wise attitude to take because the mere pres-
ence of a diverticulum in the thoracic esophagus 
is not, per se, an indication for surgery and the 
decision whether to operate or not depends on 
the patient’s symptoms, the risk of complications 
from the diverticulum, and the surgery-related 
risks.

41.1.1. Symptoms

Dysphagia, regurgitation, and respiratory symp-
toms are commonly associated with esophageal 
body diverticula. Chest pain has occasionally 
been reported and may be a sign of infl amma-
tion and/or ulceration,10 or more likely of the 
underlying esophageal motor disorder. The pro-
portion of asymptomatic diverticula patients is 
disputed: the percentage reported to have symp-
toms insuffi cient to warrant treatment ranges 
from 0% to 60%. Thomas and colleagues4 recently 
published a review that also mentioned a large 
series of 121 diverticula patients, 97 (80%) of 
them asymptomatic, in a paper published in 
1956.

41.1.2. Risk of Complications

Perforations or rupture of diverticula in the 
mediastinum (spontaneous or after diagnostic 
maneuvers, such as endoscopy), carcinoma in 
the diverticulum, lung abscess, and recurrent 
aspiration pneumonia are the most common 
complications. The pulmonary complications 
were emphasized by Altorki, who reported on 3 

of 20 patients having severe respiratory problems 
(two cases of aspiration pneumonia and one 
of tracheo-esophageal fi stula) due to esophageal 
body diverticula.11 Apart from this and other 
similar anecdotal reports,12–14 the natural history 
of asymptomatic or mildly symptomatic patients 
is diffi cult to predict. It has been estimated 
that less than 5% of patients will develop symp-
toms (or complications) from their diverticula. 
Conversely, the disease tends to progress in 
symptomatic patients followed up for years, even 
with a fatal outcome in some instances (a patient 
in the Nehra15 series died of aspiration pneumo-
nia before surgery could be performed; Table 
41.1).

41.1.3. Surgical Risk

Surgery for esophageal diverticula carries a high 
risk of complications and even mortality. Table 
41.2 shows the mortality and morbidity rates for 
170 patients operated for esophageal diverticula. 
The most common complication is leakage from 
the suture line after diverticulectomy, account-
ing for one third of all postoperative deaths. The 
overall mortality rate (5%) for diverticulectomy 
is even higher than after esophagectomy for 
benign diseases.23

In summary, if we compare the surgical com-
plications with the fate of unoperated patients – 
in the mid-term at least – surgery can only be 
justifi ed when patients suffer from severe, inca-
pacitating symptoms such as dysphagia, regurgi-
tation, and aspiration, and/or have existing or 
impending complications. Patients with mini-
mal or no symptoms should be managed 
conservatively.

Surgery can only be justifi ed when patients 
suffer from severe, incapacitating symptoms 
such as dysphagia, regurgitation, and aspira-
tion, and/or have existing or impending com-
plications; patients with minimal or no 
symptoms should be managed conservatively 
(level of evidence 3; recommendation grade 
C).
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41.2. Is Myotomy Always Mandatory 
when Surgery for Esophageal 
Diverticula Is Planned?

The aims of surgery for esophageal diverticula 
are: (1) to eliminate the diverticulum and prevent 
food retention, food and saliva regurgitation, and 
the risk of perforations and malignancies; and (2) 
to treat any underlying esophageal motor disor-
der. The vast majority of surgeons consider diver-
ticulectomy necessary, though their reasons are 
frequently not specifi ed.4 Diverticulopexy, or 
inversion of the diverticulum, is only recom-

mended for small diverticula (<2 cm).18 The 
advantages of a selective resection policy, reserv-
ing resection for large diverticula, is a lower risk 
of suture line leaks, but there are no clear data in 
the literature to support one choice or the other. 
In this era of minimally invasive surgery, all 
authors but one report diverticulectomies: when 
using endostapler devices through laparoscopic 
or thoracoscopic approaches, diverticulectomy is 
probably more practical to achieve than pexy or 
inversion of the diverticulum.

Tables 41.3 and 41.4 show the results of simple 
diverticulectomy and diverticulectomy plus 
myotomy. When the two options are compared, 

TABLE 41.2. Morbidity and mortality following surgery for esophageal diverticula.

Reference Level of evidence No. patients Mortalitya Leaksa Morbiditya

Streitz19 (1992) 2+ 13 0  1 (7.7)  1 (7.7)
Altorki11 (1993) 2+ 17 1 (5.9)  0  0
Benacci16 (1993) 2+ 33 3 (9)  6 (18)  11 (33)
Nehra15 (2002) 2+ 18 1 (5.5)  1 (5.5)  2 (11)
Jordan3 (1999) 2+ 19 0  1 (5.3)  1 (5.3)
Castrucci17 (1998) 2+ 27 2 (7)  2 (7)  3 (11)
Rosati20 (2001) 3 11 0  1 (9)  1 (9)
Klaus18 (2003) 3 11 0  1 (9)  2 (18)
Costantini21 (2004) 3 8 0  3 (37.5)  4 (50)
Del Genio22 (2004) 3 13 1 (7.7)  3 (23)  4 (31)
All authors  170 8 (4.7) 19 (11.1) 29 (17.1)

aData are expressed as n (%).

TABLE 41.1. Natural history of epiphrenic diverticula.

 No.  Diameter Follow-up Evidence

Reference patients   Clinical condition (cm) (years)a Stable Progression

Altorki11 (1993) 3 3 symptomatic ≥3.5 – 1 (liquid diet) 1 MI (†)
      1 asp pn (†)
Benacci16 (1993) 42 35 asymptomatic/mild – 7 35 0
  7 symptomatic referred   5 0 7
    to surgery
Nehra15 (2002) 3b 1 symptomatic – – 0 1 asp pn (†)e

Jordan3 (1999) 6c 5 asymptomatic – 6 1 asymptomatic 2 referred to surgery
  1 unfit for surgeryc   2 mild
Castrucci17 (1998) 16d 16 asymptomatic ≥1.5 5.3 13 0
Klaus18 (2003) 5c 5 asymptomatic/mildc ≤2 – 2 asymptomatic 0
     2 mild
All authors 68b,c,d 57 asymptomatic/mild – – 55 (96.5%) 2 (3.5%)
  11 symptomatic   1 (9%) 10 (91%)

aData are expressed as median.
bTwo patients refused surgery, lost to follow-up.
cOne patient lost to follow-up.
dThree patients lost to follow-up.
eOne patient died while waiting for surgery.
asp pn: aspiration pneumonia.
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the rate of leakage from the diverticulectomy 
suture line, the incidence of persistent or recur-
rent symptoms, and the rate of recurrent diver-
ticulum are clearly higher after diverticulectomy 
without myotomy. Stationary manometry reveals 
motor abnormalities in 75% to 90% of patients 
with epiphrenic diverticula.17,19 The most common 
motor abnormalities found in these patients are 
achalasia and diffuse esophageal spasm (DES). 
When esophageal motor disorders could not be 
demonstrated by ordinary means (i.e., stationary 
esophageal manometry), Nehra and coworkers 
reported a 30% diagnostic yield using 24-h ambu-
latory manometry.15 The most consistent fi nding 
of ambulatory manometry was a higher percent-
age of simultaneous esophageal body contrac-
tions of high amplitude and duration during 
meals, fi ndings that small bolus wet swallows 
normally used to elicit peristalsis during esopha-
geal manometry were unable to pinpoint. Based 
on these fi ndings, Nehra suggested the routine 

use of myotomy when operating on epiphrenic 
diverticula.

A selective use of myotomy, that is, only when 
hypertonic esophageal motor disorders have 
been demonstrated, is recommended by Cas-
trucci,17 Jordan,3 and Streitz.19 Because the ratio-
nale for myotomy is to reduce the endoluminal 
esophageal pressure, these authors do not recom-
mend it for cases of nonspecifi c esophageal motor 
disorder (NSEMD) or akinesia characterized by 
hypotonic motility patterns, because adding an 
esophageal body myotomy will lead to impaired 
peristalsis in such patients. Myotomy of the 
cardia is not warranted in patients with a nor-
mally relaxing lower esophageal sphincter for the 
same reasons: adding a cardiomyotomy in such 
patients could induce severe gastroesophageal 
refl ux without offering any benefi t. When the 
outcomes of routine and selective myotomy are 
compared, no differences emerge in terms of 
complications and late results.

TABLE 41.3. Results following diverticulectomy alone for esophageal diverticula.

    Persistent/recurent Recurrence of
Reference No. patients Mortalitya Leaksa symptomsa diverticuluma

Streitz19 (1992)  3 0 1 (33.3) 0 0
Benacci16 (1993)  7 0 0 1 (14.3) 0
Jordan3 (1999)  6 0 1 (16.7) 1 (16.7) 0
Castrucci17 (1998)  5 1 (20) 1 (20) 0 –
Klaus18 (2003)  1 0 1 (100) – –
All authors 22 1 (4.5) 4 (18.2) 2 (9.2) 0

aData are expressed as n (%).

TABLE 41.4. Results following diverticulectomy and myotomy for esophageal diverticula.

    Persistent/recurrent Recurrence of
Reference No.  patients Mortalitya Leaksa symptomsa diverticuluma

Streitz19 (1992)  13 0  0 0 0
Altorki11 (1993)  14 0  0 1 (7.1) 0
Benacci16 (1993)  22 3 (13.6)  6 (27.2) 3 (13.6) 0
Nehra15 (2002)  13 1 (7.7)  1 (7.7)  –  –
Jordan3 (1999)   9 0  0 0 1 (11.1)
Castrucci17 (1998)  12 1 (8.3)  1 (8.3) 1 (9) –
Rosati20 (2001)  11 0  1 (9) 0 1 (9)
Klaus18 (2003)   5  0  0  –  –
Costantini21 (2004)   8 0  3 (37.5) 0 0
Del Genio22 (2004)  13 1 (7.7)  3 (23) 0 0
All authors 120 6 (5) 15 (12.5) 5 (4.2) 2 (1.7)

aData are expressed as n (%).
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The extent of the myotomy and the use of an 
anti-refl ux procedure are still a matter of debate. 
No reliable data are available in the medical lit-
erature to support either a long, indiscriminate 
esophagomyotomy extending from the aortic 
arch to below the cardia,11 or a myotomy limited 
to the manometric region of dysmotility or to the 
level of the diverticulum. Most authors agree that 
the myotomy should be performed on the side 
opposite the diverticulum. When achalasia is the 
underlying abnormality, the myotomy should 
include the cardia region, extending 1.5 to 2 cm 
onto the gastric wall, as in simple achalasia. If a 
spastic motor disorder is diagnosed (DES), it 
seems reasonable to perform the myotomy start-
ing at least at the inferior lip of the diverticulum, 
accepting the notion that a pulsion diverticulum 
forms just proximal to an obstruction, and that a 
subdiverticular myotomy is the best treatment 
for the condition.4

It is not uncommon to fi nd gastroesophageal 
refl ux disease, with or without a hiatal hernia, 
associated with an esophageal diverticulum. 
Benacci16 reported on a sliding hiatal hernia diag-
nosed by barium swallow in 48% of 33 patients 
operated at the Mayo Clinic; concomitant hernia 
repair was performed in 6 patients. A random-
ized trial showing that fundoplication reduces 
postoperative gastroesophageal refl ux in achala-
sia patients undergoing laparoscopic cardiomy-
otomy, without any negative effect on the relief of 
dysphagia, has recently added to the debate.24 It 
seems reasonable to follow the same logic when 
treating epiphrenic diverticula requiring cardio-
myotomy. Though there is no strong evidence in 
favor of a complete or partial fundoplication, the 
consensus is towards a partial repair, given the 
fear that a more obstructive one might be impli-
cated in suture line leaks.

In conclusion, esophageal motor abnormalities 
should be carefully investigated in patients with 
intrathoracic esophageal diverticula, even with 
the aid of sophisticated techniques such as ambu-
latory manometry. When a motor disorder is 
demonstrated, myotomy should be considered a 
fundamental step in the procedure and, if the 
cardia is dyschalasic, the myotomy should include 
this region. As for achalasia, an anti-refl ux repair 
should be added whenever a cardiomyotomy is 
performed.

Myotomy should be considered a fundamental 
step in the management of a pulsion divertic-
ulum; if the cardia is dyschalasic, the myotomy 
should include this region (level of evidence 
2+ to 3; recommendation grade B).

41.3. Open or Minimally 
Invasive Surgery?

Minimal access surgery has become popular for 
treating a range of different benign esophageal 
diseases. In the last 5 years, most articles on the 
treatment of intrathoracic esophageal diverticula 
were reports on small numbers of patients, focus-
ing more on the novelty and feasibility of the 
minimally invasive approach than on the patho-
genesis of this disease and the different treatment 
options. The fi rst minimally invasive approach to 
be used was the thoracoscopic – a logical conse-
quence of the traditional transthoracic route. The 
fi rst and, so far, largest series has been described 
by the Milan group, with eight patients treated. 
The operation was completed thoracoscopically 
in six patients, with one leak25. A Dutch team 
reported on their experience with fi ve patients 
operated with no mortality and one suture line 
leak.26

The laparoscopic approach to epiphrenic diver-
ticula appears to be more popular, but it is worth 
emphasizing that the largest reported series con-
tains only 13 patients. Table 41.5 summarizes the 
outcome of minimally invasive surgery for esoph-
ageal intrathoracic diverticula. The vast majority 
of authors routinely include myotomy of the 
cardia and an anti-refl ux procedure. The clinical 
results of minimally invasive surgery seem to 
be as good as after open surgery, and the risk 
of leakage from the suture line is also similar. 
No deaths related to suture line leakage were 
reported, however. It is not clear whether this 
remarkable difference is due to the different 
approach (abdominal instead of thoracic), the use 
of minimally invasive surgery, a better manage-
ment of leaks by these particular authors, or mere 
chance. The perceived (but not yet demonstrated) 
advantages of minimally invasive techniques 
are a lower wound-related morbidity and better 
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recovery rates. The laparoscopic approach avoids 
problems related to single-lung ventilation, but 
giant diverticula or those well above the epi-
phrenic region are still best approached thoraco-
scopically. The dissection of large or adherent 
diverticula may be more of a challenge using 
minimally invasive procedures, but excisions of 
diverticula up to 7 to 10 cm in size have been 
reported.18,21

In summary, the early experience with minimal 
access surgery for treating intrathoracic esopha-
geal diverticula points to a potential benefi t with 
no fallout on effectiveness and safety. The indica-
tions for and principles of such surgery remain 
the same as in the case of the open approach. 
Minimal access surgery has the potential to 
become the standard approach for this 
condition.4

41.4. Transthoracic or 
Transabdominal Approach?

For many years, the approach to intrathoracic 
diverticula was transthoracic, usually through a 
left thoracotomy. This allowed for both the man-
agement of the diverticulum and the treatment of 
the underlying motor disorder. Few authors used 
a transabdominal approach before the advent of 
minimally invasive techniques, but the attitude 
changed when the opportunity arose to treat epi-
phrenic diverticula laparoscopically, thanks to a 
better visualization using the laparoscope and 
the introduction of an endostapler capable of 
transecting the neck of the diverticulum while 
remaining parallel to the esophageal axis. The 
advantage of the transabdominal approach is 
more evident when hiatal hernia or achalasia are 
associated with the epiphrenic diverticulum. The 
transabdominal approach may be limited by the 
distance of the diverticulum from the hiatus, 
the size of the diverticulum, or severe infl amma-
tion and adhesions between the wall of the diver-
ticulum and the mediastinal pleura. One problem 
to bear in mind in the choice of approach is the 
size of the diverticulum’s neck. When the neck is 
very broad, it may need two or more cartridges 
of endostapler to cut and close it, in which case 
the crossing of the suture lines becomes a 

The early experience with minimal access 
surgery for treating intrathoracic esophageal 
diverticula points to a potential benefi t with 
no fallout on effectiveness and safety. Minimal 
access surgery has the potential to become the 
standard approach for this condition (level of 
evidence 3; recommendation grade C).

TABLE 41.5. Laparoscopic treatment of epiphrenic diverticula: results.

     Good/excellent
Referencea No. patients Type of surgery Mortalityb Leaksb outcomeb

Rosati20 (2001) 11 Diverticulectomy + myotomy + fundoplication 0 1 (9) 100
Raakow27 (2002)  3 Diverticulectomy + myotomy + fundoplication 0 0 100
Neoral28 (2002)  3 Myotomy + fundoplication 0 0 100
  4 diverticulectomy + myotomy
  1 diverticulectomy
Klaus18 (2003) 10 3 diverticulectomy included into fundoplication 0 1 (10) –
  2 diverticulectomy inverted + myotomy
Fraiji29 (2003)  5 Diverticulectomy + myotomy + fundoplication 0 1 (20) 100
Matthews30 (2003)  4 Diverticulectomy + myotomy + fundoplication 0 0 100
Pitchford31 (2003)   1 Diverticulectomy + myotomy + fundoplication 0 0 100
Costantini21 (2004)  8 Diverticulectomy + myotomy + fundoplication 0 3 (37.5)  75
Del Genio22 (2004) 13 Diverticulectomy + myotomy + fundoplication 1 (7.7) 3 (23) 100
Muller32 (2004)  4 Myotomy + fundoplication 1 (25) 0 100
All authors 62 – 2 (3.2) 9 (14.5) –

aAll references are level of evidence 3.
bData are expressed as n (%).
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potential site of leakage. When planning the 
treatment of large diverticula, a thoracotomy 
approach should be considered, so that a TA 
stapler can be used, inserted via a thoracotomy 
– or a mini-thoracotomy if the diverticulum is 
dissected thoracoscopically. The TA stapler has a 
longer jaw than the endostapler and thus enables 
the use of a single cartridge to secure the diver-
ticulum’s neck, avoiding the creation of a weak 
point at the crossing of the suture lines.

In summary, no standard approach can be rec-
ommended for intrathoracic diverticula on the 
basis of evidence; a pragmatic and eclectic atti-
tude is necessary.
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42
Giant Paraesophageal Hernia: Thoracic, Open 
Abdominal, or Laparoscopic Approach
Glenda G. Callender and Mark K. Ferguson

occur in an elderly population with a frail consti-
tution that does not tolerate a morbid operation 
well.

The purpose of this chapter is to review the 
published literature regarding the optimal ap -
proach for repair of the giant paraesophageal 
hernia. This operation has traditionally been 
performed through a thoracotomy or laparotomy. 
Since the early 1990s, laparoscopy has been used 
with increasing frequency. Controversy as to the 
optimal approach exists because the three 
approaches differ widely in their morbidity, tech-
nical diffi culty, ability to offer adequate exposure 
should an esophageal lengthening procedure be 
necessary, and in reported recurrence and com-
plication rates. This chapter will discuss these 
controversies in detail and will examine the 
available evidence for choosing a particular 
approach for repair of the giant paraesophageal 
hernia.

42.1. Thoracic Versus Open 
Abdominal Approach

One of the main benefi ts of the thoracic approach 
for repair of the giant paraesophageal hernia is 
that it permits complete esophageal mobiliza-
tion. According to some experts, a foreshortened 
esophagus is the rule rather than the exception 
in the giant paraesophageal hernia, and extensive 
esophageal dissection or an esophageal lengthen-
ing procedure must be performed in order to 
reduce the risk of recurrence. (Please refer to 
Chapter 38 for a complete discussion of this 

Paraesophageal hernias represent approximately 
5% of all hiatal hernias. The vast majority of 
hiatal hernias are type I, or sliding, hiatal hernias, 
which are characterized by a gastroesophageal 
junction that migrates through the hiatus. Para-
esophageal hernias are commonly classifi ed as 
type II or type III hiatal hernias. Type II hiatal 
hernias are true paraesophageal hernias in which 
the gastroesophageal junction maintains its 
normal anatomical position, whereas the fundus 
(and/or another organ) migrates through the 
hiatus. Type III, or mixed, hiatal hernias repre-
sent a combination of types I and II, in which the 
gastroesophageal junction and the fundus (and/
or another organ) both herniate through the 
hiatal defect.

Giant paraesophageal hernias are distin-
guished by the presence of at least half of the 
stomach in an intrathoracic location. These 
hernias comprise a subset of paraesophageal 
hernias that is particularly challenging to manage 
for several reasons. First, the large crural defects 
that result are diffi cult to close without tension. 
Second, giant paraesophageal hernias are usually 
longstanding. If signifi cant refl ux has also been 
present, chronic infl ammation may lead to cica-
tricial contracture of the tissues in the esopha-
geal wall, and esophageal shortening may occur, 
which can also render a tension-free closure dif-
fi cult. In addition, a stomach that has spent years 
in a rotated intrathoracic position may have a 
tendency to maintain this rotated position after 
reduction into the abdomen, thus retaining a risk 
for gastric volvulus even after repair of the hernia. 
Finally, giant paraesophageal hernias tend to 
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topic.) Through a thoracic incision, the esopha-
gus may be safely dissected to above the aortic 
arch, and the middle esophageal artery and 
esophageal branches of the left inferior bronchial 
artery may be divided if necessary. The thoracic 
approach also gives good exposure for creation of 
a Collis gastroplasty, if needed, for esophageal 
lengthening. In addition, resection of the hernia 
sac has been shown to reduce recurrence after 
paraesophageal hernia repair,1 and this is easily 
accomplished via a thoracic incision.

A laparotomy offers a quicker and less painful 
approach to the giant paraesophageal hernia 
than a thoracotomy. For patients with limited 
cardiovascular and respiratory reserve, who may 
not tolerate collapse of a lung well, a laparotomy 
offers signifi cantly less morbidity. The hernia is 
often easier to reduce because intraabdominal 
pressure is atmospheric during a laparotomy, 
whereas during a thoracotomy it may be neces-
sary to attempt to reduce hernia contents against 
existing intraabdominal pressure. However, dis-
section of the hernia sac and the mediastinal 
esophagus are signifi cantly more diffi cult through 
an open abdominal incision. The inability to 
visualize the mediastinal esophagus during dis-
section places many important structures, such 
as the vagus nerves, at risk.2

Very little objective evidence exists regarding 
the superiority of either the thoracic or open 
abdominal approaches to repair of the giant par-
aesophageal hernia. There are fi ve major studies 
in the recent literature that specifi cally address 
one or both of these approaches in the context of 
giant paraesophageal hernia repair, and contain 
more than 30 patients.3–7 All of these studies are 
retrospective case series, and hence are non-ana-
lytic studies with a level of evidence rating of 4. 

One study3 includes the patients presented in an 
earlier study4; therefore only the most recent and 
more complete study will be discussed in detail 
here. Table 42.1 lists these studies and their 
salient outcomes.

Geha and colleagues5 present the largest and 
most recent series. It is perhaps the most helpful 
study in actually comparing the two approaches. 
The authors report 100 patients who underwent 
giant paraesophageal hernia repair between 1967 
and 1999. Twenty patients underwent emergent 
operations; the rest were elective. A left thora-
cotomy was used in 18 patients and laparotomy 
was used in 82 patients. Thoracotomy was the 
approach of choice early in their experience, 
and for patients who demonstrated preoperative 
esophageal shortening and required Collis gas-
troplasty (two patients). The authors do not 
state why they preferred an open abdominal 
approach later in their experience. They had no 
hernia recurrences (follow-up time is not speci-
fi ed), and their overall mortality rate was 2% 
(both patients initially presented with acute 
gastric volvulus of several days’ duration and 
sepsis; the operative approach for these two 
patients is not specifi ed). There was a higher peri-
operative complication and re-operation rate in 
patients who underwent a thoracotomy, although 
statistical analysis was not performed. Two 
patients (11%) developed recurrent gastric volvu-
lus and required re-operation after initial trans-
thoracic hernia repair. In contrast, only four 
patients (4.8%) developed postoperative compli-
cations after open abdominal repair, and these 
did not require re-operation (two cases of delayed 
gastric emptying and two cases of mild pancre-
atitis, all self-limited). All surviving patients 
are reported to be symptom free, although the 

TABLE 42.1. Thoracic and open abdominal approaches for giant paraesophageal hernia repair.

Reference Type of study Time frame n Thoracic Abdominal Complications Reoperations Mortality Recurrence

Geha5 Retrospective 1967–1999 100 18 82 Thoracic: 11% Thoracic: 11% 2% 0%
   case series     Abdominal: 5% Abdomincal: 0%
Martin6 Retrospective 1977–1994  51 33 16 29% 2% 0% 4%
   case  series 
Altorki7  Retrospective 1988–1997  47 46  1 40% Not stated 2% 6%
   case series 
Maziak3  Retrospective 1960–1996  94 91  3 19% 5% 2% 2%
   case series



42. Giant Paraesophageal Hernia: Thoracic, Open Abdominal, or Laparoscopic Approach 345

authors do not state specifi cally which symptoms 
were evaluated during follow-up. The authors 
advocate an open abdominal approach to giant 
paraesophageal hernia repair because they 
believe this approach allows for better reduction 
and fi xation of the stomach, with reduced chance 
of recurrent volvulus.

Martin and colleagues6 present the only other 
series that allows for comparison between the 
thoracic and open abdominal approaches. The 
authors report 51 patients who underwent giant 
paraesophageal hernia repair between 1977 and 
1994. A transthoracic approach was used in 33 
patients, and an open abdominal approach was 
used in 16 patients. Two patients underwent 
emergent operation, and one of the open abdomi-
nal cases was initially attempted laparoscopi-
cally. There were no deaths, and the hernia 
recurrence rate was 3.9% (mean follow-up was 
27.1 months). One patient developed an acute 
recurrence on postoperative day 3 and required 
re-operation, and another patient was inciden-
tally discovered to have a recurrence during a 
subsequent operation 11 months later. Postopera-
tive complications developed in 29% of patients. 
The type of approach used in the patients who 
developed hernia recurrence or postoperative 
complications is not specifi ed. However, a 
comparison is made between the percentage of 
patients in each group who experienced excellent 
and good results (no residual symptoms or one 
residual symptom) following their hernia repair. 
Excellent or good results were obtained in 84% of 
patients in the thoracic group and 88% of patients 
in the abdominal group; the difference was 
not statistically signifi cant. The authors conclude 
that outcome is acceptable regardless of the 
approach.

Altorki and colleagues7 and Maziak and col-
leagues3 both report fairly large series of patients 
who underwent giant paraesophageal hernia 
repair primarily using a transthoracic approach. 
Altorki and colleagues report a series of 47 
patients accrued between 1988 and 1997, who all 
underwent a thoracotomy except for one patient 
who had an attempted laparoscopic repair but 
required conversion to laparotomy. The authors 
report a mortality rate of 2% (one patient died of 
complications from antibiotic-associated pseu-
domembranous colitis) and a hernia recurrence 

rate of 6.3% (median follow-up was 45 months). 
Postoperative complications occurred in 40% of 
patients, and a re-operation rate is not specifi ed, 
although none of the postoperative complica-
tions reported appear to have required reopera-
tion. At follow-up, 90% of their patients were 
symptom free or reported occasional symptoms. 
The authors prefer the transthoracic approach 
because they believe esophageal pseudoshorten-
ing is frequently encountered in patients with 
giant paraesophageal hernias, and adequate 
esophageal mobilization is needed to ensure a 
tension-free repair. Indeed, after extensive esoph-
ageal dissection, none of their patients required 
a Collis gastroplasty.

Maziak and coworkers also prefer the trans-
thoracic approach, but in their opinion, most 
patients require a Collis gastroplasty, and they 
believe the transthoracic approach best facilitates 
this procedure. They report a series of 94 patients 
who underwent giant paraesophageal hernia 
repair between 1960 and 1996, all via thoracot-
omy except for three patients who underwent 
laparotomy because they had concomitant 
abdominal pathology requiring surgery. Through 
the 1960s, the authors did not routinely employ 
an esophageal lengthening procedure. However, 
in the 1970s they began performing a modifi ed 
Collis gastroplasty as part of their standard 
repair because they found a high prevalence of 
signifi cant distal esophageal scarring, thicken-
ing, and shortening, even in patients with no 
endoscopic evidence of severe active esophagitis.4 
The authors report a mortality rate of 2% (one 
patient experienced a severe aspiration event that 
led to respiratory failure, and one patient devel-
oped a free esophageal leak and died of septic 
shock) and a hernia recurrence rate of 2% (median 
follow-up was 72 months). The complication and 
re-operation rates were 19% and 5.3%, respec-
tively. Excellent or good long-term results were 
obtained in 93% of patients. The authors ascribe 
their positive results to the routine addition of an 
esophageal lengthening procedure to their repair, 
and believe that this is easily accomplished via a 
thoracic approach. However, they suggest that if 
an adequate esophageal lengthening procedure 
could be performed laparoscopically, this ap -
proach could be potentially as effective with less 
morbidity.
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42.2. Laparoscopic Approach

A laparoscopic approach for repair of the giant 
paraesophageal hernia provides some of the ben-
efi ts of both thoracotomy and laparotomy, in that 
the hiatus may be easily accessed and the hernia 
sac and esophagus can be dissected under direct 
vision, while avoiding a morbid operation that 
involves collapse of a lung and a postoperative 
chest tube.2 However, this is a technically chal-
lenging operation, and there have been some 
early reports of recurrence rates and intraopera-
tive complication rates that appear unacceptably 
high.8,9

Two recent studies directly compare open 
versus laparoscopic paraesophageal hernia 
repair,8,11 and these do not specifi cally address 
giant paraesophageal hernias. They are discussed 
here for background purposes only. Schauer and 
associates10 published the fi rst case series, which 
includes 95 patients who underwent paraesopha-
geal hernia repair from 1990 to 1998. Laparos-
copy was used in 67 patients, laparotomy in 19 
patients, and thoracotomy in 4 patients. There 
was one death (mortality rate of 1%), which 
occurred in the laparoscopy group and involved 
an immunocompromised patient. The laparo-
scopic group experienced a statistically signifi -
cant decrease in intensive care unit stay, time to 
oral intake, hospital length of stay, and narcotic 
requirement when compared to the open group 
(laparotomy and thoracotomy combined). Major 
complications were signifi cantly less frequent in 
the laparoscopic group (10.5% vs. 48%), as were 
minor complications (10.5% vs. 60%). In addi-
tion, there were no hernia recurrences in the 
laparoscopic group (mean follow-up was 13 
months) compared to a recurrence rate of 8% in 
the open group (mean follow-up was 48 months). 
Based on this study, laparoscopy appeared to 
hold great promise for paraesophageal hernia 
repair.

Hashemi and colleagues8 published the only 
other series that directly compares laparoscopic 
versus open paraesophageal hernia repair (again, 
this does not apply specifi cally to giant parae-
sophageal hernias), and their results were less 
favorable. They report a case series of 54 patients 
who underwent paraesophageal hernia repair 
from 1985 to 1998. Laparoscopy was used in 27 

patients, laparotomy in 13 patients, and thora-
cotomy in 14 patients. There was one death (mor-
tality rate of 1.7%), which occurred in a patient 
who had undergone laparotomy and developed 
respiratory failure. There was no difference in 
major or minor complication rates between the 
laparoscopic group and the open group (laparot-
omy and thoracotomy combined), but there was 
a statistically signifi cant decrease in the time of 
nasogastric intubation and length of hospital stay 
in the laparoscopic group. However, video esoph-
agrams were obtained in 41 patients at a median 
of 27 months postoperatively for routine radio-
graphic follow-up, and the laparoscopic group 
was found to have an alarming 42% radiographic 
recurrence rate compared to a 15% recurrence 
rate in the open group. The signifi cance of this 
fi nding is unclear, because most of these recur-
rences were asymptomatic and would not have 
been recognized without routine radiographic 
follow-up, but it certainly calls into question the 
effi cacy of laparoscopic paraesophageal hernia 
repairs.

To date, there have been no studies that directly 
compare laparoscopic versus open technique for 
giant paraesophageal hernia repair. However, fi ve 
major studies have been published which report 
results of laparoscopic giant paraesophageal hernia 
repair and contain more than thirty patients.9,11–14 
Again, all are retrospective case series, except for 
one retrospective review of a prospectively gath-
ered database.13 Hence, all are non-analytic studies 
with a level of evidence rating of 3. Table 42.2 lists 
these studies and their results.

Watson and coworkers11 present a series of 86 
patients who underwent laparoscopic giant para-
esophageal hernia repair between 1992 and 1998. 
Their report underscores the technical diffi culty 
of a laparoscopic repair and highlights the nature 
of the learning curve. Their results are similar to 
others with the exception of a very high rate of 
conversions to open surgery (23%). Early in their 
experience, during the fi rst 40 cases, they did not 
resect the hernia sac, which further contributed 
to the diffi culty of the operation. They converted 
16 of these fi rst 40 cases to open (40%). Their 
subsequent 46 cases did include resection of the 
hernia sac and, combined with their greater level 
of experience, resulted in conversion of only 4 
cases to open (9%).
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Andujar and coworkers12 report a large series 
of 166 patients who underwent giant paraesopha-
geal hernia repair between 1996 and 2002. Their 
report reinforces the concerns discussed earlier 
regarding the very high hernia recurrence rate in 
patients who had undergone paraesophageal 
hernia repair and routine radiographic follow-
up. They obtained a routine barium esophagram 
in 120 patients (72%) at a mean of 15 months 
postoperatively. Of these 120 patients, 20% had a 
recurrent type I hiatal hernia, and 5% had a 
recurrent paraesophageal hernia. Two patients 
with a recurrent type I hiatal hernia and two 
patients with a recurrent paraesophageal hernia 
underwent re-operation; the remainder were 
asymptomatic and were observed. As discussed 
earlier, Hashemi and associates8 reported a 
42% recurrence rate after laparoscopic parae-
sophageal hernia repair; they considered any 
migration of the gastroesophageal junction above 
the hiatus to be a recurrence, but did not specify 
how many of their recurrences were type I hiatal 
hernias.

Luketich and colleagues9 describe a large series 
of 100 patients who underwent laparoscopic giant 
paraesophageal hernia repair between 1995 and 
2000. Their recurrence rate was 1% (median 
follow-up was 12 months), but their patients were 
not routinely studied radiographically. The 
authors attribute their low recurrence rate in part 
to their performance of a laparoscopic Collis gas-
troplasty in 27% of their patients. Toward the end 
of their experience, they began to recognize a 
high prevalence of foreshortened esophagus, and 
began to perform a laparoscopic Collis gastro-
plasty almost routinely. This group, however, 

experienced a somewhat high rate of intraopera-
tive complications, including two gastric perfora-
tions and fi ve esophageal perforations. These 
were repaired primarily without conversion to 
open surgery.

Swanstrom and colleagues13 and Weichmann 
and colleagues14 also reported signifi cant intra-
operative complications in their series. Most 
were able to be repaired laparoscopically without 
further sequelae, but in one case, an esophageal 
perforation resulted in death of the patient. 
Again, these potentially catastrophic intraopera-
tive complications emphasize the technical chal-
lenges of laparoscopic repair.

42.3. Evidence-Based 
Recommendations

Due to the limited data available and the quality 
of the evidence, no particular approach to giant 
paraesophageal hernia repair appears clearly 
superior to another. Only two studies5,6 actually 
compare two different approaches (thoracic and 
open abdominal). One study did not include a 
statistical analysis,5 and the other study demon-
strated basically equivalent results using either 
approach.6 No studies directly compare laparo-
scopic versus open techniques specifi cally for 
giant paraesophageal hernia repair.

The literature does demonstrate, however, that 
giant paraesophageal hernia repair via any of the 
three approaches can be performed safely and 
effectively, although more time is needed to eval-
uate the long-term results of the laparoscopic 
series.

TABLE 42.2. Laparoscopic approach for giant paraesophageal hernia repair.

     Intraoperative Postoperative Re-operation
Reference Type of study Time frame n Conversions complications complications rate Mortality Recurrence

Watson11 Retrospective 1992–1998  86 20 2% 13% 5% 0% 3%
   case series 
Andujar12 Retrospective 1996–2002 166  2 Not stated  8% 6% Not  stated Type I: 20%
   case series        PEH: 5%
Luketich9 Retrospective 1995–2000 100  3 12% Minor: 12% 3% 1% 1%
   case series     Major: 16%
Swanstrom13 Prospective 1994–1997  52  2 6%  6% 6% 0% 8%
   case series 
Weichmann14 Retrospective 1993–1997  60  6 3% Not stated 3% 2% 7%
   case series 
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The available evidence suggests that there is 
not a/no single optimal approach to giant parae-
sophageal hernia repair. All studies reviewed 
above had a level of evidence rating of 4; there-
fore, the recommendation grade is C.

Third, signifi cant prior laparoscopic experi-
ence is mandatory before attempting laparo-
scopic giant paraesophageal hernia repair. The 
operation is technically diffi cult, as suggested by 
the frequency of intraoperative visceral inju-
ries.9,13,14 In addition, the 42% hernia recurrence 
rate8 was reported by a group that performs this 
operation laparoscopically on a fairly routine 
basis. It seems logical that a surgeon who only 
occasionally encounters a giant paraesophageal 
hernia will have even less success. In fact, if one 
has extensive experience or has attained a comfort 
level with any one of the three approaches, this is 
probably the best approach for that particular 
surgeon to use.

Finally, there exists an obvious need for further 
studies in this area. Longer follow-up is impera-
tive for the current laparoscopic series, and a 
randomized, controlled trial comparing the three 
approaches would be very helpful.
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43
Management of Minimally Symptomatic Giant 
Paraesophageal Hernias
David W. Rattner and Nathaniel R. Evans

Agency of Healthcare Research and Quality,2 
it can be inferred that in 1997, there were 
ap proximately 90,000 patients with paraesopha-
geal hernias in the United States. As the popula-
tion ages and radiologic imaging tests are more 
frequently performed, both the incidence and the 
detection of such hernias will increase. These two 
factors will create a growing subset of patients 
with incidentally discovered paraesophageal 
hernias.

This chapter concerns the signifi cant propor-
tion of patients with large paraesophageal hernias 
that are asymptomatic or complain only of minor 
symptoms. The exact proportion of truly asymp-
tomatic patients is diffi cult to determine. While 
it is our belief that most paraesophageal hernias 
are asymptomatic, Oddsdottir reported that up 
to 89% of patients denying symptoms, will actu-
ally describe some symptoms when questioned 
carefully.3 In these patients, however, the reported 
symptoms are usually minor in nature (i.e., 
belching, mild occasional heartburn, and dys-
pepsia) and do not affect their quality of life. The 
typical patient with a paraesophageal hernia is in 
the sixth or seventh decade of life and has signifi -
cant comorbid conditions. In most surgical series, 
the majority of patients are classifi ed as Ameri-
can Society of Anesthesiologists (ASA) III status. 
Although operative repair has been shown to be 
safe and effective in relieving symptoms and pre-
venting volvulus in symptomatic patients, the 
merits of surgical repair in minimally symptom-
atic or asymptomatic patients is subject to debate.

Hiatal hernias are a common fi nding in patients 
undergoing imaging procedures for various 
abdominal and thoracic complaints. Most hiatal 
hernias do not cause symptoms per se. Hiatal 
hernias are categorized as type I to IV, with type 
I or sliding hernias being the most common type. 
Type II or true paraesophageal hernias are defi ned 
as having the gastroesophageal junction below 
the diaphragm in a normal anatomic position. 
Type II hernias are quite rare. In their review of 
46,236 patients with hiatal hernia seen at the 
Mayo Clinic between 1980 and 1990, Allen and 
colleagues found only 51 patients with type II 
hernia defects.1

Most reports regarding minimally symptom-
atic paraesophageal hernias are comprised of 
patients with type III hiatal hernias. These are 
mixed hernias with features of both type I and 
type II such that both the cardia of the stomach 
and, to a lesser degree, the gastroesophageal 
junction has herniated into the chest. Finally, 
hernias in which visceral organs other than 
stomach (most commonly colon) reside in the 
chest are designated type IV. Hiatal hernias in 
which more than half of the stomach resides 
above the diaphragm have been referred to as 
giant paraesophageal hernias.

The true incidence of paraesophageal hernias 
(i.e., types II, III, and IV) is unknown. According 
to published patient series, it is estimated that 
they comprise 15% of all hiatal hernias and hence 
the incidence in the general population is in the 
range of 45 per 100,000. Based on data from the 
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43.1. Published Data

In order to make recommendations for treat-
ment of minimally symptomatic paraesophageal 
hernias it is important to understand both the 
natural history of the condition and the results 
of surgical intervention. Much of the current 
support for repair of all paraesophageal hernias 
regardless of symptoms is based on the infl uen-
tial studies of Belsey and Hill. These studies are 
now more than 30 years old. In his report of the 
87 patients with parahiatal hernias, Belsey noted 
that 6/21 who were treated medically due to 
minimal symptoms died of complications from 
their hernias. He did not report the time interval 
between the discovery of the hernia and the com-
plications in those patients. Based on the mortal-
ity rate of 28% in this subgroup, he and others 
have advocated repair of all paraesophageal 
hernias upon diagnosis to prevent catastrophic 
complications.4

In 1973, Hill reported the outcomes of 29 
patients with paraesophageal hernias.5 Ten devel-
oped incarceration. The majority of these patients 
had been known to have paraesophageal hernia 
for years prior to this event. Four of the patients 
with incarcerated hernias were unable to be 
decompressed and were operated on emergently. 
Two of four patients died. Based on this very 
small amount of data, Hill quoted an operative 
mortality of 50% for emergent repair of incarcer-
ated paraesophageal hernias.5

In 1983, Tracey and Jamison reported their 
experience with selective conservative man-
agement of paraesophageal hernias.6 In a retro-
spective review of 368 patients with hiatal 
hernias, 71 were found to have paraesophageal 
hernias (type II or III hernias). Twenty-nine of 
70 patients were managed nonoperatively with 
a mean follow-up of 6 years (2–120 months). 
Thirteen of the conservatively managed patients 
eventually underwent surgical repair. However, 
none of them developed acute symptoms or 
required emergency intervention. They con-
cluded that operative management should 
be reserved for “those patients in whom sym-
ptoms supervene.” This was one of the fi rst 
studies to call into question the longstanding 
belief that all paraesophageal hernias should be 
repaired.

In 1993, Allen and coworkers reported a large 
retrospective chart review series from the Mayo 
Clinic.1 From a database of 46,238 patients, they 
identifi ed 147 with greater than 75% of their 
stomach in the chest as documented by endos-
copy, radiographic studies, or surgical explora-
tion. Within this group of 147 patients, 23 patients 
were managed nonoperatively though the selec-
tion criteria for this group were not given. Nine-
teen of these patients did not develop progressive 
symptoms. Of the four who did progress, only 
one died of complications related to his hernia. 
Among the patients undergoing operative repair, 
the median length of time between diagnosis 
and operation was 60 months. There were three 
patients who developed acute gastric volvulus. 
Thus in the Mayo Clinic series the incidence of 
acute gastric volvulus was 1 per 245 patients per 
year. This is signifi cantly lower than the 30% 
incidence of incarceration reported by Hill.

As the experience with paraesophageal hernia 
(PEH) has grown, catastrophic events have not been 
observed at the rate proposed in earlier studies. 
Thus, there is a growing belief that only symptom-
atic patients should undergo surgical repair.7 One 
of the fi rst series in the laparoscopic era that 
addressed this point was reported by Horgan and 
associates.8 In this series, 4 of 45 patients did not 
undergo elective repair. All patients were evaluated 
with preoperative and postoperative question-
naires. Postoperative functional studies and radio-
graphs were obtained when indicated. Surgery was 
successful in relieving symptoms, and seven of eight 
patients undergoing postoperative upper gastroin-
testinal series were shown to have intact repairs. 
The lone radiographic recurrence was asymptom-
atic and was not repaired. Horgan concluded that 
the incidence of truly life-threatening complica-
tions in patients with PEH was extremely low and 
advocated repair in PEH only in the setting of symp-
toms. This more conservative approach has gained 
favor over the last decade.

With the proliferation of laparoscopic parae-
sophageal herniorrhaphy, many have questioned 
whether the reduced morbidity of a minimally 
invasive approach should lower the threshold for 
recommending surgery. The largest series of lap-
aroscopic repairs is from the University of Pitts-
burgh. Pierre and coworkers published the results 
of 203 consecutive repairs of giant PEH in 2002.9 
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They defi ned giant hernias as those having as at 
least one third of the stomach within the chest as 
determined by preoperative esophagram – a 
fairly liberal defi nition of the condition. In 203 
patients they performed 103 Collis–Nissen fun-
doplications, 69 Nissen fundoplications, and 19 
other procedures. Of note, 86 of the last 103 
patients had Collis–Nissen fundoplications, this 
change refl ected their belief in the importance of 
a shortened esophagus as a potential cause for 
recurrence. Five patients in their series were 
re-operated on for recurrent hernia (2.5% re-
operation rate). Of those questioned (152) 92% 
reported good or excellent results.9 The operative 
mortality rate was 0.5% (1 in 203) and the com-
bined major and minor morbidity rate was 28%. 
Pierre and coworkers did not report on results of 
postoperative esophagrams. Thus, their rate of 
asymptomatic recurrence is not known.

Diaz and Andujar reported the two largest 
studies with radiographic follow-up of patients 
undergoing laparoscopic repair of PEH. Andujar 
reported no operative mortality and a complica-
tion rate of 8.4% among 166 patients undergoing 
laparoscopic PEH repair. Of the 120 patients who 
underwent postoperative esophograms, 34 had 
abnormal studies and 10 of these patients eventu-
ally needed re-operation.10

Diaz reported the outcomes from 116 patients, 
who underwent laparoscopic repair of PEH with 
an operative morbidity 13% of and mortality of 
1.7%. Sixty-six of these patients underwent post-
operative esophograms, of whom 21 had radio-
logical recurrence. In spite of the high radiographic 
recurrence rate, only three patients (2.6%) were 
re-operated on for recurrent hernias.11

Table 43.1 summarizes the results of 10 recent 
reports of laparoscopic repair of PEH, in which 

patients had radiographic evaluations postopera-
tively. The data reveal an average morbidity rate 
of 15% (6.4%–28%), a mortality rate of 2.1% (0%–
5.4%), a recurrence rate of 19% (0%–42%), and a 
re-operation rate of 3.2% (0%–6%).10–19 These 
data suggest that while laparoscopic repair of 
PEH is feasible and safe, the recurrence rate, 
specifi cally the asymptomatic recurrence rate, is 
high enough to bring into question the concept 
of prophylactic repair of such hernias in asymp-
tomatic patients. Furthermore, the mortality rate 
is not inconsequential, even in the best of hands, 
due to comorbid conditions that are prevalent in 
these patients.

All of the aforementioned publications are case 
reports or series. As such they cannot defi nitively 
answer the central questions necessary to develop 
guidelines for management of minimally symp-
tomatic paraesophageal hernias. The recent 
availability of large administrative databases, 
however, provides the opportunity to get fairly 
reliable data on the natural history of this condi-
tion as well as results of surgical intervention in 
the entire surgical community rather than just 
tertiary care facilities. The Nationwide Inpatient 
Sample (NIS) is part of the Healthcare Cost and 
Utilization Project, a powerful database devel-
oped by the Agency of Healthcare Research and 
Quality (AHRQ). It is drawn from 22 states and 
contains information on all inpatient stays from 
over 1000 hospitals, totaling 7,148,420 records in 
1997 (national weighted estimate 35,408,170 inpa-
tient stays). A recent analysis by our group dem-
onstrated that previously published mortality 
rates of emergency repair of hiatal hernia are out-
dated and should be considered invalid. Accord-
ing to the analysis of NIS, the mortality rate of 
emergency operation for hiatal hernias in the 

TABLE 43.1. Morbidity, mortality, recurrence, and re-operation rates for laparoscopic repair of PEH.

Reference (year published) N Follow-up (months) Morbidity (%) Mortality (%) Recurrence (%) Re-operation (%)

Andujar10 (2004) 166 15 8.4 0 5 6
Diaz11 (2003) 116 15 13 1.7 32 2.6
Aly19 (2005) 60 47 14 5 30 1.3
Jobe14 (2002) 52 37 19 0 32 3.8
Wu16 (1999) 38 24 19 5 28 3
Dahlberg13 (2001) 37 165 20 5.4 13.6 9
Khaitan18 (2002) 31 25 6.4 0 7 NR
Ponsky15 (2003) 28 21 11 0 0 0
Hashemi17 (2000) 27 18 24 3.7 42 NR
Athanasakis12 (2001) 10 3 20 0 0 0
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United States is 5.4% [95% confi dence interval 
(95% CI), 4.9%–5.8%]. This value represents the 
actual nationwide estimate for the mortality of 
emergency paraesophageal hernia repair for 
the year 1997 and was based on 1,035 patients 
with paraesophageal hernias that were repaired 
emergently.

In order to help examine the merits of repair-
ing paraesophageal hernias prophylactically, we 
used a decision-analysis model to test the hypoth-
esis that elective laparoscopic repair should be 
routinely recommended to patients with asymp-
tomatic or minimally symptomatic paraesopha-
geal hernias.20 For the decision analysis, a Markov 
Monte Carlo computer simulation model was 
developed to generate a large number of patients 
with asymptomatic or minimally symptomatic 
PEH and record the possible clinical outcomes 
associated with two treatment strategies. In the 
fi rst treatment strategy all the patients were sub-
jected to an elective laparoscopic hernia repair, 
whereas in the second treatment strategy the 
patients were managed conservatively unless 
they developed symptoms requiring elective 
laparoscopic operation or they developed acute 
symptoms requiring emergency operation. A 
decision tree was constructed that represented 
the logical sequence of the clinical events and 
complications emerging from each treatment 
strategy over time. The probability and the utility 
(a value that refl ects the impact of a condition on 
a patient’s quality of life) of each clinical event 
and complication were calculated. The end point 
of the simulation was the quality-adjusted life 
expectancy that was measured in quality-adjusted 
life-years (QALYs). The model showed that there 
was no gain in quality-adjusted life expectancy 
with elective laparoscopic repair compared to 
watchful waiting. In fact, elective laparoscopic 
repair resulted in a reduction of 0.13 QALYs (10.78 
vs. 10.65). The model also predicted that watchful 
waiting was the optimal treatment strategy in 
83% of the patients and elective laparoscopic 
hernia repair in the remaining 17%. The model 
was not capable of identifying a priori which 
patients would fall into the 17% receiving benefi t 
from elective surgery. Thus, if laparoscopic repair 
is recommended routinely to all patients with 
asymptomatic or minimally symptomatic parae-
sophageal hernias, fewer than one of fi ve 65-year-
old patients will benefi t more than if watchful 

waiting had been chosen. The difference in the 
quality-adjusted life expectancy between the two 
treatment strategies becomes more pronounced 
as the age of the patient increases, and according 
to this model only 1 out of 10 asymptomatic 85-
year-old patients will benefi t from an elective 
laparoscopic hernia repair. Even in the hypothet-
ical scenario that the mortality of emergency 
surgery was 17% (as suggested by the pre-1997 
literature), elective laparoscopic repair would 
become the optimal treatment option only if the 
mortality rate for laparoscopic repair was less 
than 1%. Under the assumption that the mortal-
ity rate of emergency surgery is currently 5.4% 
(1997 nationwide estimate), the mortality rate of 
laparoscopic repair should not exceed 0.5% in 
order for elective repair to be the optimal treat-
ment option; an estimate, which is not supported 
by existing data.

43.2. Influence of Data

Based on the data discussed in the previous 
section it is hard to justify repairing asymptom-
atic PEH. There is no level 1 or even level 2 evi-
dence to support such an approach. There have 
been no prospective, randomized, controlled 
trials to compare surgery versus expectant man-
agement. The volume of operations for PEH is low 
and there is no standardized surgical repair. 
These factors preclude the development of even 
multicenter trials, as there is a large amount vari-
ability in each center’s surgical approach. Hence 
all of the information regarding treatment of 
PEH is level 3 or level 4 evidence. Administrative 
databases, while useful, are limited in their 
utility. The analysis by our group using a Markov 
Monte Carlo simulation model is dependant on 
a number of assumptions used to construct the 
model as well as exactly how one defi nes the term 
asymptomatic – particularly when using quality 
of life as an outcome measure.

Recently, a number of studies have investigated 
objective measurements of surgical failure. These 
studies have shown the recurrence rate after lap-
aroscopic repair of paraesophageal hernia to be 
between 5% and 30%. These recurrences are 
rarely symptomatic, and are often dismissed 
as insignifi cant, particularly in patients who 
had signifi cant gastroesophageal refl ux disease 
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(GERD) symptoms, or gastrointestinal (GI) bleed-
ing, that are improved by surgery. However, in 
patients who were asymptomatic preoperatively, 
the rate of asymptomatic recurrence is an impor-
tant factor. These patients are subjected to opera-
tive repair solely to prevent volvulus. In this 
patient population, an asymptomatic recurrence 
should be regarded as a failure of treatment.

The conventional wisdom that PEH should be 
repaired electively is based on 40-year-old data 
that suggested an incidence of incarceration in 
patients with known PEH was approximately 
30%. This combined with the belief that the oper-
ative mortality for emergency repair was as high 
as 50% has led to the widely held belief that all 
PEH should be repaired to prevent catastrophic 
sequelae. More recent studies suggest that the 
classic reports by Skinner and Hill likely overes-
timated the frequency of these complications. 
While repair of such hernias is safe and effective 
in controlling symptoms, large studies have 
shown that the morbidity of the procedure is not 
trivial and more concerning that the asymptom-
atic recurrence rate of the hernia is signifi cant. In 
reviewing Medicare databases we also found that 
the operative mortality for emergency PEH was 
signifi cantly less than previously reported. There-
fore, data from the current era suggest that the 
widely held belief that all paraesophageal hernias 
should be repaired prophylactically must be 
reconsidered. In the asymptomatic or minimally 
symptomatic patient, repair subjects them to a 
signifi cant morbidity and mortality risk and does 
not necessarily prevent recurrent hernia and 
incarceration. With this in mind, most symptom-
atic patients are best managed with periodic 
follow-up and conservative nonoperative man-
agement. However, given the lack of level 1 data 
regarding the natural history or management of 
minimally symptomatic PEH of any size, this is 
a grade C recommendation.

43.3. Personal View

Lucius Hill and Ronald Belsey were certainly giants 
in the fi eld of hiatal surgery and as such it is hard 
to dismiss their recommendations to repair all 
paraesophageal hernias upon diagnosis. However, 
it is important to note that few of their patients had 
hernias that were truly asymptomatic. Prior to the 
widespread (some might even say indiscriminate) 
use of computed tomography (CT) scans, barium 
radiographs were obtained in patients with upper 
gastrointestinal complaints and therefore few 
patients in their series truly had incidentally dis-
covered paraesophageal hernias. Similarly the 
high mortality and morbidity rates they reported 
in their conservatively managed patients were 
based on a referral practice that was not represen-
tative of the population at large. Data obtained 
from NIS and from the large Mayo Clinic study 
provide much more robust information about the 
true risk of symptom progression. Furthermore, 
NIS data demonstrate that even under emergency 
circumstances, the modern surgeon and hospital 
do a better job of getting patients through diffi cult 
emergency surgical situations than was the case 30 
years ago. Repair of a paraesophageal hernia can 
be quite challenging either via laparoscopy or 
laparotomy. Low-volume (esophageal) surgeons 
should be mindful of extrapolating results reported 
from experts in high-volume centers to their own 
practice. Because most patients with paraesopha-
geal hernias are elderly and have signifi cant 
comorbid conditions, surgery should be performed 
in patients with symptoms clearly caused by the 
hernia. These include postprandial pain, vomiting 
and dry heaves, pulmonary compromise, GI bleed-
ing, and medically intractable GERD. Death related 
to surgical repair of hiatal hernias does occur and 
one must carefully weigh the risk of surgical com-
plications against the benefi ts. It is a rare situation 
indeed where data would support surgical repair 
over expectant management in an asymptomatic 
patient with a PEH regardless of what the X ray 
looked like!
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44
Plication for Diaphragmatic Eventration
Marco Alifano

In adulthood both the presence of symptoms 
and the amount of functional impairment are 
largely variable. Dyspnea is frequently observed 
and is typically worse in the supine position.5 
Other presentations include chest pain, recurrent 
respiratory infections, palpitations, and dyspep-
sia,1,6 but completely asymptomatic patients exist. 
Decompensation of respiratory status requiring 
mechanical ventilation has been reported4,7; in 
these cases diaphragmatic eventration represents 
a factor aggravating an underlying pulmonary or 
cardiac problem.

Elevation of the diaphragm in childhood gen-
erally carries more pronounced symptoms, espe-
cially in newborns. Paradoxical respiration is 
much more frequent because of the weakness 
of intercostals muscles, softness of thoracic 
cage, and important mobility of mediastinum. 
Increased abdominal pressure associated with 
the supine position further aggravates para-
doxical respiration. As a consequence, respira-
tory distress is frequent and mechanical 
ventilation may be necessary. Furthermore, the 
frequently associated cardiac or pulmonary mal-
formations (especially ipsilateral lung hypopla-
sia) may contribute to the gravity of the clinical 
picture.1 Overall, congenital eventration is symp-
tomatic in most patients, although it is believed 
that some cases may be recognized only in 
adulthood.1

Different surgical techniques have been pro-
posed to treat diaphragmatic eventration.1 Plica-
tion through standard thoracotomy is the more 
frequently employed technique, but less inva-
sive approaches employing video-assisted tech-

Diaphragmatic eventration is an anomaly defi ned 
by the long-lasting or permanent elevation of an 
entire hemidiaphragm or a portion of it, without 
defects. The muscular insertions are normal, the 
normal apertures are sealed, and there is no 
interruption in pleural or peritoneal layer.1 These 
characteristics allow distinction from diaphrag-
matic hernias. By contrast, the terms eventration 
and paralysis are often confused: paralysis may 
be the cause of an abnormal elevation of the dia-
phragm, whereas pure eventration is not associ-
ated with paralysis.1 A marked decrease in 
muscular fi bers is a characteristic of eventration, 
whereas in paralysis the diaphragm is still mus-
cular, even if somewhat atrophic.1 True eventra-
tion would be, in the opinion of most authors, the 
consequence of a congenital defect of one portion 
or the entire central part of the diaphragm, 
resulting from an incomplete migration of cervi-
cal somites into the pleuro-peritoneal mem-
brane.2 This would explain the membranous 
appearance of the central portion of the hemidia-
phragm, in spite of a normal muscular appear-
ance of the peripheral portion of the muscle.1,3

Acquired elevation of the diaphragm is also 
often termed, though less appropriately, eventra-
tion. Though exhaustive workup often allows 
recognition of a phrenic nerve dysfunction, cases 
with an intact phrenic nerve do exist.1,4 In spite 
of several differences, both eventration and 
paralysis (both will be often termed “eventra-
tion” in the following part of this chapter) carry 
the same physiological consequences and share 
most symptoms. However the management may 
be substantially different.1
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nology have been developed.4,8,9 In this chapter 
we will review indications, technical options, and 
results of surgical treatment of diaphragmatic 
eventration.

44.1. Indications for Plication

44.1.1. Childhood

There are several papers addressing the issue of 
indication for surgery in children with diaph-
ragmatic elevation.1,7,9–15 Most of available data 
concern patients with phrenic nerve injury, 
whereas indications for surgery in patients with 
congenital eventration have been less extensively 
studied.

44.1.1.1. Congenital Eventration

Knowledge about treatment of congenital even-
tration is mainly derived from case reports 
and relatively small retrospective series.1,11,12 
Patients were generally symptomatic and in 
most cases they presented with respiratory 
distress. There are no data comparing surgical 
treatment to conservative management and the 
timing of operation with respect to the onset 
of symptoms is generally not stated. In these 
patients, if there is no evidence of phrenic nerve 
injury, spontaneous recovery is unlikely, and 
surgical indication is probably indicated in 
every symptomatic patient. These babies are 
often severely ill because of frequently associated 
comorbidities, and diaphragm repositioning may 
help partially restore hypoplastic lung func-
tion.1,11,12 Little is known about management of 
patients with few or no symptoms; though con-
servative management is probably suffi cient, 
some authors advocate routine plication in order 
to maximize the development of the ipsilateral 
lung.11

The indication for plication exists in every 
symptomatic child with congenital eventration 
(level of evidence 4; recommendation grade C). 
Indication for plication in asymptomatic chil-
dren with congenital eventration: insuffi cient 
data to provide level of evidence or grade of 
recommendation.

44.1.1.2. Phrenic Nerve Injury

Management of pediatric patients with phrenic 
nerve injury (postpartum or postoperative) has 
been much more extensively studied. The condi-
tion is generally suspected because of respiratory 
distress, failure to thrive, and, in operated 
patients, diffi culties in weaning from mechanical 
ventilation. Upon suspicion, confi rmation is 
obtained by chest X ray, fl uoroscopy, and/or 
ultrasonography of the chest.1,7,9–15

The policies of different centers are quite vari-
able in terms of indication and timing of surgery. 
In the retrospective surgical series by Tsugawa 
and colleagues,11 including 50 patients aged 4 
days to 7 years with diaphragmatic elevation of 
miscellaneous origin (but secondary to phrenic 
nerve injury in most cases), the indication for 
surgery was always respiratory distress. Ventila-
tory support was necessary in 10 of the patients 
for 2 to 6 weeks before plication. Unfortunately 
the number of patients managed conservatively 
during the time frame of the study (1971–1996) is 
not stated. This type of information can be derived 
by the retrospective experience (1996–2000) of 
Joho-Arreola and colleagues,10 dealing with 43 
pediatric patients with diaphragmatic paralysis 
complicating cardiac surgery. Twenty-nine 
patients underwent plication because of failure to 
wean from mechanical ventilation or respiratory 
distress. In the 14 patients treated conservatively, 
the mean assisted ventilation time after cardiac 
surgery was relatively short (5 days), but some 
patients were mechanically ventilated for several 
weeks (up to 49 days). Patients ultimately treated 
by plication received mechanical ventilation for a 
longer period (mean, 13 days) before the decision 
to perform plication. Similarly, in the retrospec-
tive series by de Vries Reilingh and coworkers,14 
18 consecutive patients with obstetrical phrenic 
nerve injury were evaluated between 1986 and 

Every symptomatic child with congenital 
eventration should undergo repair (level of 
evidence 4; recommendation grade C).

There is insuffi cient data to provide 
level of evidence or recommendation grade 
for children with asymptomatic congenital 
eventration.
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1997. All required resuscitation immediately after 
birth and 14 of them received intubation and 
mechanical ventilation. Thirteen out of 18 patients 
were ultimately treated by plication (on average 
100 days postpartum), whereas in the remaining 
5 patients spontaneous clinical and radiological 
recovery was observed within 1 month.

The general idea that can be drawn from the 
analysis of literature is that conservative man-
agement was always attempted before indicating 
surgery in children with phrenic nerve injury. 
There is general agreement that surgery should 
be performed only after stabilization of the 
patient’s clinical condition by gastric decompres-
sion, administration of supplemental oxygen, 
and, if necessary, mechanical ventilation, but the 
optimal time frame to perform plication is not 
known. In fact, nonoperative management allows 
restoration of diaphragmatic function if the 
phrenic nerve is not transected, but the time nec-
essary can be so long (several weeks or several 
months) to expose patients to the unacceptable 
risks associated to prolonged mechanical ventila-
tion. As a result, surgery should be proposed 
within a few weeks from diagnosis of postsurgi-
cal diaphragmatic paralysis. If phrenic nerve 
injury is recognized to have occurred during the 
initial cardiac or mediastinal operation, immedi-
ate plication should be performed.

Plication is indicated in every pediatric patient 
with phrenic nerve injury, after a reasonably long 
period (1–3 weeks) of respiratory support (level 
of evidence 4; recommendation grade C).

44.1.2. Adulthood

Experience about surgical treatment of eventra-
tion in adulthood is much more limited. Most of 
the experience is derived from case reports, a 
small number of retrospective series,3,12,16,17 and 
few prospective studies.4,18 Controversies exist 
about indications and optimal timing of surgery; 
in this context considerations about the natural 
history of diaphragmatic elevation are of para-
mount importance.

44.1.2.1. Natural History of Diaphragmatic 
Elevation in Adults

Information about spontaneous evolution of 
nontraumatic diaphragmatic paralysis can be 

derived by the large retrospective study by Piehler 
and colleagues19 of 247 patients seen at the Mayo 
Clinic between 1960 and 1980. The cause of paral-
ysis could be identifi ed at initial evaluation in 105 
patients, but remained obscure in the remaining 
142 subjects who could be followed-up for a mean 
of 8.7 years, as surgical repair was not attempted. 
The etiology of paralysis became evident in only 
six patients during the follow-up. In the remain-
ing 136 cases, the leading symptom (exertional 
dyspnea) improved in only 34% of cases, whereas 
improvement in the other manifestations (cough 
or chest wall pain) was observed in 78% and 82% 
of cases, respectively. On chest X ray the dia-
phragm returned to its normal position in only 
12 out of 131 patients who had this examination 
available.

Efthimiou and associates20 studied the evolu-
tion of postsurgical diaphragmatic paralysis. 
In a prospective, observational study enrolling 
100 consecutive patients over a 6-month period, 
they reported a 32% incidence of unilateral paral-
ysis among patients receiving ice/slush topical 
hypothermia during cardiac surgery, as com-
pared to 2% among those not receiving topical 
hypothermia. All these patients were treated 
conservatively and paralysis regressed within 
1, 6, and 12 months in 25%, 56%, and 69% of 
cases, respectively. At the 2-year follow-up the 
paralysis had regressed in all but one patient. 
Electromyography showed the absence of nerve 
conduction in all the patients within 1 week after 
cardiac surgery, but there was progressive reap-
pearance of conduction in patients who experi-
enced restoring of diaphragmatic function. 
Obviously, in these patients, the phrenic nerve 
had suffered a thermal injury, but had not been 
transected.

In the experience of Deng and coworkers,21 
derived from a retrospective analysis of a pro-
spectively collected database of patients under-
going high free right internal mammary artery 
harvesting, the incidence of right-sided diaphrag-
matic paralysis was 4%. In this setting, the 
phrenic nerve can be either thermally injured 
(by the proximity of electrocautery dissection) or 
completely transected. Management included 
immediate diaphragmatic plication (i.e., during 
the sternotomy for cardiac surgery) if phrenic 
nerve transection was identifi ed intra-



44. Plication for Diaphragmatic Eventration 359

operatively, or a middle-term observation for 
postoperatively evidenced paralysis. Conserva-
tive management was adopted for the fi rst 3 
months after cardiac surgery and plication was 
recommended in the absence of spontaneous 
regression of paralysis (apparently regardless of 
the presence of symptoms). Among the 26 patients 
with postoperative diaphragmatic paralysis, a 
spontaneous regression was observed in 14 cases 
and all the remaining 12 were fi nally operated 
on.

44.1.2.2. Indications for Plication in Adults

Information about the indications for plication 
can be derived from some retrospective surgical 
series evaluating the outcomes in adult patients 
with diaphragmatic eventration treated by 
surgery.3,7,12,16,17 All these studies included patients 
with diaphragmatic paralysis secondary to dif-
ferent conditions and idiopathic forms. In almost 
all the instances the indication for surgery was 
based on the presence of respiratory symptoms 
(mainly dyspnea or orthopnea but also cough 
and chest wall pain) or, less commonly, digestive 
symptoms (dyspepsia or meteorism) that inter-
fered with the patients’ normal activities. The 
mere presence of an elevated diaphragm on X ray 
was generally (with some exceptions) not consid-
ered an indication for operation. In some cases 
plication was indicated in an effort to aid wean-
ing from mechanical ventilation in patients with 
postsurgical diaphragmatic paralysis considered 
responsible of ventilatory failure. Due to the ret-
rospective character of these surgical series, con-
servative management was not evaluated and the 
number (and relative proportion) of patients 
treated by a nonoperative approach in the same 
time frames in the different institutions is not 
stated.

In the recent prospective study by Mouroux 
and colleagues,4 plication was performed in 12 
patients with unilateral diaphragmatic elevation 
(9 post-traumatic, 1 post-tuberculosis, 1 due to 
Charcot–Marie disease, 1 idiopathic) over an 11-
year period. In 10 of 12 cases, the surgical indica-
tion was established on the basis of persistent 
symptoms (mainly dyspnea), after a long period 
of conservative management. In the remaining 
two patients, a plication was performed to aid in 

weaning patients from mechanical ventilation. In 
the same period of the study, two other patients 
were managed conservatively and spontaneous 
regression of paralysis was observed.

It is generally believed that there is no indica-
tion for surgical treatment of diaphragmatic 
eventration when the condition is secondary to a 
neoplastic disease or in the absence of symptoms. 
If a neoplastic origin is excluded on clinical and 
radiologic grounds, the surgical indication has to 
be evaluated on the basis of clinical presentation 
and timing of onset of symptoms.4 If the patient 
is symptomatic and the diaphragmatic eventra-
tion is long-lasting (more than 2 years), surgery 
is generally indicated; surgery is planned once 
clinical conditions have been optimized (e.g., 
treatment of respiratory infections, obesity, etc.). 
If the patient is symptomatic but the diaphrag-
matic eventration is recent, a period of observa-
tion (18–24 months) prior to recommending 
surgery should be advocated. In these patients 
serial diaphragmatic electromyographies may be 
suggested to identify possible recovery in phrenic 
nerve function. Finally, if the patient has no or 
few symptoms, he has to be strictly followed-up 
in order to identify even moderate deterioration 
of respiratory function, which is an indication for 
surgery. In fact, if signifi cant respiratory impair-
ment is already present, a modest chest trauma 
or a pulmonary infection may precipitate the 
clinical conditions and require mechanical 
ventilation.4

Plication is indicated in adult patients with 
long-lasting symptomatic diaphragmatic eleva-
tion (level of evidence 4; recommendation grade 
C).

Plication is indicated in adult patients with 
long-lasting symptomatic diaphragmatic ele-
vation (level of evidence 4; recommendation 
grade C).

Plication is indicated in every pediatric 
patient with phrenic nerve injury, after a rea-
sonably long period (1–3 weeks) of respiratory 
support (level of evidence 4; recommendation 
grade C).
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44.2. Surgical Technique

Morrison published a report of the fi rst surgical 
repair in 1923.22 Since this initial description, dif-
ferent surgical techniques have been proposed. 
Plication can be carried out by thoracic or 
abdominal access; open surgery or video-assisted 
techniques have been proposed.

44.2.1. Open Approaches

It is generally believed that a phrenic nerve injury 
complicating cardiac surgery in children, if rec-
ognized intraoperatively, should prompt imme-
diate plication through the sternotomy.1,13 There 
is no consensus or suffi cient data about plication 
in similar circumstances in adults. In any other 
setting sternotomy is obviously not an option.

A midline laparotomy has been employed 
in cases of bilateral diaphragmatic elevation 
or infracardiac involvement, although such an 
approach is occasionally employed in case of 
pure unilateral diaphragmatic elevation.1 The 
exception is represented by patients with dia-
phragmatic eventration associated with an intra-
abdominal disease requiring surgery. In these 
cases laparotomy is adequate in dealing with 
both conditions.23

Transthoracic plication has been generally 
performed by a standard posterolateral thora-
cotomy. Simple plication is generally employed 
because it is faster and avoids entry into the 
peritoneal cavity. The technique described by 
Schwartz and Filler24 (sometimes slightly modi-
fi ed) is usually employed: the slack portion of the 
diaphragm is pulled in a radial direction and 
pleats are created by full-thickness nonabsorb-
able mattress sutures. The surgeon should aim at 
repositioning the dome of the diaphragm one or 
two intercostal spaces below where it should ulti-
mately be located.

The more frequently employed alternative 
technique is represented by resection of the excess 
aponeurotic portion of the diaphragm with a 
two-layer overlapping approximation of periph-
eral muscle. This technique offers the advantage 
of avoiding inadvertent injury to abdominal 
organs but it involves the frequent section of 
phrenic nerve branches. Cases of suture dehis-
cence have been reported.1

Repair of congenital eventration in children 
may present some challenges: a possibly associ-
ated pulmonary sequestration should be resected 
and the possible absence of the medial compo-
nent of the diaphragm may be corrected by using 
the diaphragmatic portion of the pericardium 
rather than a prosthetic material. Furthermore, 
if abdominal organs cannot be reduced in the 
peritoneal cavity, creation of a temporary ventral 
hernia may be performed.1

44.2.2. Video-Assisted Thoracic Surgery

In 1996, Mouroux and colleagues18 proposed plica-
tion through a video-assisted thoracic surgery 
(VATS) approach. Two 5-mm thoracic ports and a 
4-cm minithoracotomy in the ninth intercostal 
space were employed. In the majority of cases no 
rib retraction is necessary. The apex of the eventra-
tion is invaginated into the abdomen, thus creating 
a transverse fold from the periphery to the cardio-
phrenic angle behind the prenic nerve. This fold is 
closed by two superposed series of transverse back-
and-forth continuous sutures with a nonresorbable 
material. This fi rst suture allows the surgeon to 
maintain the excess of diaphragm within the 
abdomen; the second row of stitches is inserted 
through more peripheral portions of diaphragm in 
order to obtain the desired tension.

Since the initial publication of Mouroux and 
colleagues, other authors reported their experi-
ence with the same or very similar techniques.25,26 
Several reports and some series have reported on 
the experiences of different centers in both adult 
and pediatric patients. Van Smith26 successfully 
treated a newborn weighting 3 kg. Totally endo-
scopic approaches have also been described.7,27 
The obvious advantage of VATS methods over 
open surgery is the minimal invasiveness which 
would facilitate postoperative recovery and respi-
ratory muscle retraining.

Plication should be carried out by transtho-
racic approach in the absence of indication for an 
abdominal approach (bilateral or infracardiac 
involvement, associated intra-abdominal disease; 
level of evidence 4; recommendation grade C). 
Plication for eventration is technically feasible by 
VATS; the operation is bloodless and rapid, and 
the desired tension can be applied to the plicated 
diaphragm (level of evidence 4).
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44.3. Results

The results expected from plication are obviously 
different depending on the clinical context. As 
stated earlier in this chapter, children often 
undergo plication because of congenital or 
acquired elevation of the diaphragm that is 
responsible for serious respiratory impairment, 
and the goal of the operation is in most cases 
weaning from mechanical ventilation. In adult-
hood, respiratory function is generally much less 
compromised, and surgery is indicated to improve 
dyspnea or digestive symptoms.

44.3.1. Childhood

44.3.1.1. Postoperative Outcome

There are several studies evaluating the outcome 
of pediatric patients treated by diaphragmatic 
plication, generally for phrenic nerve injury. They 
are summarized in Table 44.1. These studies 

aimed at evaluating operative mortality, the 
impact of the procedure on weaning patients 
from respiratory support, and, in some cases, 
improvement in clinical and/or radiologic status. 
In the retrospective series by Tsugawa and col-
leagues11 dealing with 25 children with phrenic 
nerve injury treated by thoracotomy and plica-
tion, weaning from respiratory support (mechan-
ical ventilation or supplemental oxygen) was 
possible in a short period (0–6 days) in 15/17 
patients; the two failures were managed by redo 
plication that was successful in one instance. In 
the same study, 25 other patients underwent pli-
cation for congenital eventration and 4 of them 
were mechanically ventilated prior to operation; 
weaning was possible in all the cases from 1 to 61 
days postoperatively.

Similar results are reported in the retrospective 
study by Simansky and colleagues.7 Among the 10 
children with postsurgical phrenic nerve injury 
responsible for respiratory failure and treated by 
open plication, 7 could be weaned from mechani-
cal ventilation (within 8 days in 6 cases). The 
remaining three died in spite of a radiographically 
successful plication, mainly because of intracta-
ble underlying cardiac disease. No deaths were 
reported in the series by Tonz and coworkers,15 
who operated on 11 out of 25 patients with post-
surgical phrenic nerve injury (the remaining 
patients were managed nonoperatively), because 
of failure to wean from mechanical ventilation or 
respiratory distress after extubation. Weaning 
was possible in all the cases (in all but two patients 
within a week) and respiratory distress could be 
managed successfully in all the cases.

Plication should be carried out by transtho-
racic approach in the absence of indication for 
an abdominal approach (bilateral or infracar-
diac involvement, associated intra-abdominal 
disease) (level of evidence 4; recommendation 
grade C).

Plication for eventration is technically fea-
sible by VATS; the operation is bloodless and 
rapid, and the desired tension can be applied 
to the plicated diaphragm (level of evidence 4; 
recommendation grade C).

TABLE 44.1. Outcome of plication in children.

         Weaning 
     Overall Mortality Duration of from
 Year of Period Design  No. of operative related to follow-up respiratory Radiological Clinical
Reference publication of study of study patients mortality plication (years) support improvement improvement

Tonz15 1996 1983–1992 Retrospective 11 0/11 0/11 3.2 (mean) 11/11 10/11 9/9
Tzugawa11 1997 1971–1996 Retrospective 25 5/25 0/25 1–25 – 20/20 20/20
De Vries14 1998 1986–1997 Retrospective 14 0/14 0/14 – 9/9 – 14/14
De Leeuw13 1999 1985–1997 Retrospective 68 4/68 0/68 – 49/50 – –
Simansky7 2002 1988–2000 Retrospective 10 3/10 0/10 –  7/7a – –
Hines9 2003 – Retrospective  5 0/5 0/5 – 2/2 5/5 5/5
Joho- 2005 1996–2000 Retrospective 29 8/29 0/29 1 – 13/21 –
  Arreola10

aNot taking into account operative mortality.
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A more consistent experience, albeit retrospec-
tive, can be drawn from the study by de Leeuw 
and associates,13 also dealing with postsurgical 
phrenic nerve paralysis. In their experience 40% 
of 170 children with this condition underwent 
open plication. The indication for operation was 
respiratory insuffi ciency in almost all of the 
cases, with most patients being mechanically 
ventilated at the time of plication. The median 
time to fi nal extubation after plication was 4 
days, with a range of 1 to 65 days. Multivariate 
analysis showed that independent factors associ-
ated with a longer time to extubation were bilat-
eral paralysis and a longer interval from the 
initial operation to diagnosis. There were 4 in-
hospital deaths, but none of these was considered 
related to the procedure. As in all the other above-
mentioned pediatric series, all the deaths were 
considered secondary to underlying diseases.

Further evidence that the plication per se is not 
associated with mortality or major morbidity is 
provided by the experience of de Vries Reillingh 
and colleagues,14 who performed the operation 
with an open approach in 13 patients with phrenic 
nerve injury, in almost all the cases resulting 
from an obstetrical trauma (therefore with no 
associated cardiac or pulmonary malformations). 
Respiratory distress requiring mechanical venti-
lation was present in most cases. Dramatic 
improvement was observed in all the patients, 
with discontinuation of mechanical ventilation 
possible within a few days and return to normal 
gas values in all the cases.

A small series of diaphragmatic plication in 
children by VATS has been recently published.9 
The authors reported on fi ve children weighing 
3.2 to 13.2 kg with congenital or postsurgical 
diaphragmatic eventration responsible for re -
spiratory insuffi ciency or recurrent respiratory 
infections. Satisfactory clinical and radiologic 
results were observed in all the cases. In particu-
lar, weaning from mechanical ventilation was 
achieved within 3 days in both patients undergo-
ing surgery for this indication.

44.3.1.2. Long-term Outcome

In some surgical series of pediatric patients, 
information about long-term follow-up is avail-
able. Tonz and colleagues15 reported no late death 

related to diaphragmatic paralysis and good 
radiologic results in 10 out of 11 patients. No chil-
dren had respiratory symptoms at late follow-up. 
Similarly, Tsugawa and coworkers11 observed 
fully satisfactory clinical and radiologic results 
in all the patients available at follow-up after pli-
cation for either phrenic nerve injury or congeni-
tal eventration. On the other hand, in the study 
by Joho-Arreola and associates,10 6 out of 21 
patients had elevated diaphragm at 1-year follow-
up; unfortunately, the percentage of patients 
with respiratory symptoms in that study is not 
stated.

Overall, diaphragmatic elevation secondary to 
phrenic nerve injury in children may be satisfac-
torily managed by plication: in almost all the 
instances weaning from respiratory support is 
possible, in many instances within a short delay. 
Mortality is generally related to the underlying 
disease and not to the operation itself. Similarly, 
long-term outcome is fi xed by the possibly asso-
ciated comorbidities, as the operation allows a 
permanent improvement of respiratory function 
(level of evidence 4).

44.3.2. Adulthood

As adults with unilateral diaphragmatic eleva-
tion generally present with mild respiratory 
insuffi ciency, weaning from mechanical ventila-
tion is a rare indication for plication. In the recent 
prospective study by Mouroux and coworkers,4 
the operation (by video-assisted surgery) was 
performed for this indication in only two patients 
and both were successfully weaned within 1 week. 
In contrast, only one among the four mechani-
cally ventilated patients in the series by Simanski 
and colleagues7 (dealing with patients with 
phrenic nerve injury) could be weaned.

When the operation is performed because of 
less severe respiratory symptoms or because of 
digestive problems, satisfactory results are uni-
formly observed (Table 44.2). In the above-
mentioned retrospective study by Simanski and 
colleagues, all of the seven nonventilated patients 
experienced an improvement of ATS dyspnea 
score of 2 or 3 levels at their 3-month re-evalua-
tion. At long-term follow-up (11–114 months), all 
were completely asymptomatic from a respira-
tory point of view [7].
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In the experience of Graham and coworkers 
dealing with 17 patients treated by thoracotomy 
and plication between 1979 and 1989, improve-
ment was observed in all the patients in both 
subjective (dyspnea score) and objective mea-
surements. In particular, the operation resulted 
in signifi cant improvement in terms of postopera-
tive forced vital capacity (FVC), total lung capac-
ity (TLC), diffusing capacity of carbon monoxide 
(DLCO), PO2, and PCO2. These satisfactory results 
were still present in all the six patients who could 
be reassessed at long-term (>5 years) follow-up.17 
In the retrospective study by Ribet and Linder,12 
9 out of 11 patients were persistently asymptom-
atic after the operation (3 months–18 years follow-
up), 1 was mildly dyspneic, and 1 had persistent 
digestive symptoms. Of note, chest X rays showed 
a persistently elevated (though at a lesser extent) 
diaphragm in fi ve cases. In this study only fi ve 
patients had both preoperative and postoperative 
functional assessment, and an improvement in 
both FVC and forced expiratory volume in 1 s 
(FEV1) was observed in all the cases.

In the prospective study of Nice University 
Hospital dealing with 12 adult patients treated by 
video-assisted plication for diaphragmatic eleva-
tion of miscellaneous origin (post-traumatic in 
most instances),4 all the patients experienced a 
complete disappearance of symptoms shortly 
after the operation and no radiologic relapse was 
observed at a follow-up of more than 64 months. 
A signifi cant improvement in both FEV1 and FVC 
was observed at late spirometry in all the cases.

Regardless of the surgical technique, diaphrag-
matic plication in nonventilated adult patients 
carries a low morbidity and a very low, if any, 
mortality (level of evidence 4). Functional results 
are fully satisfactory in almost all the cases, 

regardless of the surgical approach (level of evi-
dence 4).

Plication by VATS achieved results similar to 
those obtained by conventional surgery.4 Unfor-
tunately the rarity of eventration precludes the 
possibility of performing randomized studies to 
enable accurate comparisons. This technique can 
be proposed as an alternative to conventional pli-
cation through standard thoracotomy.
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45
Pacing for Unilateral Diaphragm Paralysis
Raymond P. Onders

surgeries), and trauma. Although sniff tests 
and phrenic nerve conduction studies with fl uoro-
scopic observation can identify intact phrenic 
nerves, the negative results of these tests do not 
necessarily determine the extent or location of 
damage. Localized damage to the myelin sheath 
or acute edema will result in negative results and 
loss of central control of the diaphragm. Re-
myelinization or resolution of the edema may 
occur over a number of days to years.1

Diaphragm pacing for ventilatory support has 
been in use for over 30 years since fi rst reported 
by Glenn.2 There are several diaphragm pacing 
systems available including the conventional 
ones in which phrenic nerve cuff electrodes are 
placed with staged bilateral thoracotomies. The 
cervical electrode placement while utilized in the 
past is discouraged for the following reasons: 
there is an accessory branch from the lower 
segment of the cervical spinal cord that joins the 
phrenic nerve trunk in the thorax so that neck 
stimulation may result in incomplete diaphragm 
activation; brachial plexus nerves are in close 
proximity and may be activated resulting in pain 
or undesirable movement; and neck movements 
can increase mechanical stress on the nerve/elec-
trode system which may increase the risk of nerve 
injury. There have been recent reports of placing 
the system thorascopically.3,4 Diaphragm pacing 
with direct phrenic nerve electrodes is underuti-
lized because of the scope of the operation, risk 
of phrenic nerve injury, and theoretical concerns 
about using it 24 h/day. There is a more recent 
option that involves laparoscopic implantation of 
intramuscular electrodes at the motor point of 

Symptoms of unilateral diaphragmatic paralysis 
can range from sleep-related symptoms to exert 
ional dyspnea or orthopnea. At times unilateral 
diaphragm paralysis is found on routine chest 
radiograph alone when an elevated hemi-
diaphragm is seen. Ventilatory failure will usually 
only result if there is bilateral diaphragmatic 
involvement. When diaphragmatic paralysis is 
suspected, confi rmatory testing is done by inspira-
tory fl uoroscopy (sniff test) and electromyography 
of the phrenic nerve. To determine if the conduc-
tion path of the phrenic nerve is intact from the 
cervical region to the diaphragm, the key test is 
fl uoroscopic visualization of the diaphragm with 
transcutaneous stimulation of the phrenic nerve 
in the neck. If the diaphragm moves during stimu-
lation then the phrenic nerve is intact, but there is 
a disruption of the signal pathway from the respi-
ratory center in the brain to the phrenic nerve 
causing the diaphragm not to function. With the 
use of fl uoroscopic visualization during stimula-
tion, false-positive phrenic nerve conduction 
studies are virtually eliminated. However, because 
of diffi culties in locating the phrenic nerve in the 
cervical region there is a signifi cant potential for 
false-negative studies, especially in inexperienced 
hands. The most common causes of an intact 
phrenic nerve with diaphragm paralysis are high 
cervical spinal cord injury or central hypoventila-
tion syndrome (CHS or Ondine’s Curse). In almost 
all of these cases the diaphragm paralysis is bilat-
eral. Unilateral paralysis of the diaphragm usually 
involves a nonfunctioning phrenic nerve with the 
causes in decreasing order of frequency: idio-
pathic, postsurgical (cardiac, neck, and thoracic 
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the diaphragm.5 This has been implanted in 18 
spinal cord patients with excellent results. This is 
an outpatient operation with no risk of phrenic 
nerve injury and allows 24-h use with the longest 
patient continuing to pace full-time for over 5 
years. In brief, this procedure involves laparo-
scopic mapping of the diaphragm to identify the 
motor point which is the area where a electrical 
stimulus can cause maximal contraction of the 
diaphragm.6 Two electrodes are then placed on 
each hemi-diaphragm with a specially designed 
laparoscopic implant instrument (Synapse Bio-
medical, Oberlin, OH) and tunneled externally to 
the power source.7

Both the phrenic nerve cuff electrode system 
and the laparoscopic motor point diaphragm 
pacing stimulation system require an intact phrenic 
nerve. The conduction pathway is the phrenic 
nerve and if that is not intact none of the systems 
can deliver a stimulus to the target diaphragm 
muscle. Almost all causes of unilateral diaphragm 
paralysis in non-spinal-cord-injured patients 
involve a phrenic nerve that is nonfunctional, at 
least to some extent, below the cervical region. The 
medical literature describes nerve transfers to 
the phrenic nerve and use of a diaphragm pacing 
system8 as an option in patients with an injured 
phrenic nerve. This procedure essentially involves 
the coaption of a proximal foreign nerve to the 
distal denervated nerve to reinnervate the latter by 
the donated axons. Cortical plasticity appears to 
play an important physiological role in the func-
tional recovery of the reinnervated muscles. An 
independent electrical pacing system is necessary 
because the nerve that is transferred has no con-
nection to the central respiratory system so it must 
be stimulated to cause independent diaphragm 
contraction to augment respiration.

This chapter will review the extant evidence to 
assess whether diaphragm pacing is an option for 
patients with unilateral paralysis of the dia-
phragm when there is an intact phrenic nerve and 
when there is no intact nerve.

45.1. Available Evidence

The initial review will assess the evidence of dia-
phragm pacing when there is diaphragmatic dys-
function but an intact phrenic nerve. Over the 

past 30 years, electrical activation of the phrenic 
nerves has been used to provide artifi cial ventila-
tion in patients with chronic respiratory insuffi -
ciency. Despite their clinical effectiveness, their 
use has been limited to a carefully selected group 
of patients with bilateral diaphragmatic dysfunc-
tion and intact phrenic nerves. The benefi ts of 
diaphragm pacing have been well described in 
large series and include: decreased barotrauma 
with the use of natural negative pressure ventila-
tion with their own diaphragm; increased mobil-
ity without need for ventilator; improved speech; 
improved olfactory sensation; and decreased risk 
for pulmonary infection.9–14 In some of the early 
series, diaphragm pacing was considered suc-
cessful for ventilatory support in only 50% of 
patients.11,15,16 These early studies are not refl ec-
tive of the modern-day experience with dia-
phragm pacing, as the technology and patient 
selection methods were not well defi ned. There 
have been few reports of modern-day success 
rates though several papers describe the use of 
diaphragm pacing for over 15 years.17,18

Three commercial systems are in current use 
for trans-thoracic direct phrenic nerve stimula-
tion: Avery Biomedical Devices (Commack, NY), 
Atrotech OY (Tampere, Finland), and Medim-
plant Biotechnisches Labor (Vienna, Austria). 
These systems differ primarily in the electrode 
design and stimulus parameters. Phrenic pacers 
have been implanted in over 1500 patients world-
wide. Drawbacks to these systems include the 
risk of injury to the phrenic nerve either by surgi-
cal manipulation or by the electrode itself, system 
component failure, and the high cost of the 
systems. Although the risk of injury to the nerve 
has decreased, it does exist because a section of 
the nerve must be mobilized for electrode place-
ment. The incidence of component failure has 
declined as the systems have undergone revi-
sions. However, all three require some extracor-
poreal component. Unlike the cardiac pacemaker, 
traditional phrenic pacers require an external 
transmitter and antenna to transmit both the 
power and control signal to an implanted receiver/
stimulator. Also, at present, none of the systems 
has any feedback or timing mechanism to make 
them physiologically responsive, nor are they 
synchronized with the upper airway. Develop-
ment of such a mechanism would be an added 
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benefi t to phrenic pacers over conventional 
mechanical ventilators. Cost is perhaps a larger 
hurdle to overcome. The phrenic nerve electrode 
pacing systems available today cost nearly 
$100,000 (for the system, implant, and rehabilita-
tion). Unlike cardiac pacemakers, because of the 
low number of potential candidates for these 
systems and the relatively low profi t potential, 
there is little interest from major manufacturers 
of medical devices. This may explain the limited 
effort to develop improved pacing systems.

An alternative to the trans-thoracic phrenic 
nerve stimulation is the laparoscopic diaphragm 
pacing stimulation (DPS) system. There have 
been 22 human subjects implanted with the DPS 
system [18 spinal cord injury patients and 4 amy-
otrophic lateral sclerosis (ALS) patients]. The 
results of the DPS system for spinal cord patients 
indicated that the DPS system produced a signifi -
cant mean percentage increase in tidal volume 
relative to the basal required tidal volume.19 The 
procedure has overcome the learning curve for 
the operation, with the implantation standard-
ized in an outpatient surgical procedure.20 Overall 
there has been a 94% success rate for the spinal 
cord injured patients with the only failure being 
the second patient who had a false-positive inclu-
sion criterion. The laparoscopic motor point 
electrode DPS system is an easy application for 
diaphragmatic stimulation when the phrenic 
nerve is intact. It overcomes many of the short-
comings of the available phrenic nerve electrode 
systems. The development of a totally implant-
able system is feasible and under way.21 It would 
be a signifi cant advancement over presently 
available systems.

For patients with nonfunctioning phrenic 
nerves, electrical activation of the intercostal 
muscles is one approach to treat respiratory 
insuffi ciency. Unlike the diaphragm, these 
muscles are innervated by a group of nerves 
(intercostal nerves originating from the ventral 
rami of T2–T12). However, by placing a single 
electrode in the epidural surface of the spinal 
cord through a dorsal laminectomy, this group of 
nerves/muscles can be activated which can 
provide up to 40% of vital capacity through the 
parasternal and external intercostals that are 
primarily inspiratory. Electrical activation of 
the intercostal muscles alone has been used in 

patients, however, the maximum duration of 
intercostal pacing (without mechanical ventila-
tion or spontaneous breathing activity) remained 
relatively short (<3 h) and is not a viable option 
on its own.22 Based on this, individuals with only 
one intact phrenic nerve had a combined inter-
costal system with a conventional diaphragm 
pacing system placed unilaterally. This system 
was successful in maintaining long-term ventila-
tory support in the four patients but presently is 
not in any further trials.23

In those patients with a nonfunctioning 
phrenic nerve, diaphragm pacing is not an option 
unless a nerve is transferred to the phrenic nerve 
to re-animate the diaphragm. With advances in 
microsurgical techniques for neural anastomosis 
and a better understanding of axonal degenera-
tion and regeneration, the repair or transfer of a 
nerve to the phrenic nerve and subsequent rein-
nvervation of the diaphragm is a possibility. With 
a viable nerve, diaphragmatic pacing is then an 
option. Krieger successfully described transfer-
ring a brachial nerve to the phrenic nerve in cats 
in 1983.8 After a recovery period to allow for 
growth of axons down the anastomosed phrenic 
nerve (16–32 weeks), they were able to stimulate 
the nerve and have adequate diaphragm contrac-
tions. Following this initial study, Krieger and 
colleagues investigated using an intercostals 
nerve in place of the brachial nerve for the anas-
tomosis. The intercostals nerve was a good donor 
because of its proximity to the phrenic nerve 
(reducing the time for axonal regeneration), its 
physiological function (activation of skeletal 
muscle for respiration), and its size (comparable 
to the phrenic nerve). The initial article describes 
a single case and a letter to the editor describes 
two additional cases.24,25 Subsequently a series of 
six patients was then described in 2000.26 All of 
the patients had spinal cord injury with the time 
from injury to nerve transfer ranging from 6 
months to 3 years. In this series of six patients 
there were a total of 10 nerve transfers. Two 
patients only had single nerve transfer because 
the other nerve on direct exploration was found 
to be intact. Only four patients were available for 
study. The fi fth patient is on a progressive pacing 
schedule and the sixth patient was only 1 month 
postoperative and with accepted growth of regen-
erating axons of 1 mm per day the distance from 
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the anastomosis to the diaphragm of 50 mm could 
not have been covered. In this series the average 
time for diaphragmatic response was 7 months 
with the shortest 6 months and the longest 13 
months, so the true growth rate can be as slow at 
1 mm every 8 days. Two of the patients are classi-
fi ed as capable of pacing but presently are not 
being paced because of depression in one and one 
died of unrelated causes. In neither of these cases 
were the tidal volumes or diaphragmatic move-
ment with stimulation given. Two patients (a total 
of three nerve transfers) are using the system 
24 h/day, but again no data are given concerning 
the tidal volumes or diaphragmatic excursion 
with stimulation. Overall, of the eight nerve 
transfers that could be studied, all eight showed 
diaphragm motion with stimulation, which is 
impressive given the authors’ own description of 
the operation as diffi cult because of the angles 
and the fact the anastomosis occurs on the beating 
heart. There is some concern of the long-term 
viability of this technique in these patients, 
though. There was a letter to the editor by a sepa-
rate physician stating that one of the patients that 
was reported as a success is in actuality not using 
the system at all.27 To date there has been no other 
reports of this technique in the literature although 
it is mentioned often in the literature as a pos-
sibility both for spinal cord–injured patients 
and also patients with isolated phrenic nerve 
injuries.

45.2. Summary of Evidence and 
Current Recommendations

Overall, none of the available data concerning 
diaphragm pacing specifi cally identify its use 
with unilateral diaphragm paralysis. The reason 
for this is that unilateral paralysis usually 
involves an injured phrenic nerve and therefore 
the diaphragm cannot be paced unless the dia-
phragm is re-innervated with a nerve transfer. So 
let us fi rst look at the evidence for diaphragm 
function with intercostal transfer and diaphragm 
pacing. The level of evidence for diaphragm 
pacing using an intercostal nerve transfer is level 
4 because it is a case series that only measured 
end results with tidal volumes with stimulation 
and measurements of outcomes in less than 80% 

of the patients. Without more centers reporting 
their results or this series re-analyzing their 
results with a long-term follow-up, the recom-
mendation grade is C. With this scarcity of evi-
dence patients should not be given the hope of 
diaphragm pacing for a unilateral paralysis of the 
diaphragm unless they have an intact nerve.

Patients should not be given the hope of dia-
phragm pacing for a unilateral paralysis of the 
diaphragm unless they have an intact nerve 
(level of evidence level 4; recommendation 
grade C).

The results of diaphragm pacing when the 
phrenic nerve is intact are excellent. The evidence 
for the ability to pace the diaphragm and provide 
tidal volumes is level 1 because of the long history 
of success of pacing in multiple centers and 
the all or none ability to assess the results. 
The patient’s diaphragm either provides a tidal 
volume for ventilation with stimulation or is non-
functional and the patient requires a mechanical 
ventilator when the device is turned off. The 
major change in diaphragm pacing is that it can 
now be done more safely and as an outpatient 
through the laparoscopic motor point stimula-
tion technique with a higher success rate. The 
recommendation grade is A for bilateral dia-
phragm pacing when both phrenic nerves are 
intact.

When both phrenic nerves are intact, results 
of bilateral diaphragm pacing are excellent 
(level of evidence 1; recommendation grade 
A).

For unilateral diaphragm paralysis pacing 
is not benefi cial because the phrenic nerve is 
usually not functional (level of evidence 5; 
recommendation grade D).

Unfortunately, for unilateral diaphragm paral-
ysis there is no evidence that pacing is done 
because the phrenic nerve is usually not func-
tional. If the nerve is intact but the diaphragm is 
nonfunctional then the level of evidence for 
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pacing is 5 and the recommendation grade is D 
because it is only based on the physiology of the 
system and has not been reported in the litera-
ture. Presently, the discussions of an earlier 
chapter in this text concerning diaphragm plica-
tion may offer the most hope for patients with 
unilateral dennervated diaphragms.

45.3. Future Research

Future research should involve ways to help a 
damaged phrenic nerve recover in unilateral 
paralysis. When diaphragmatic dysfunction is 
identifi ed after a thoracic or cardiac procedure, 
instead of waiting to see if recovery occurs we 
should be proactive in trying to help that recov-
ery process. Functional electrical stimulation has 
been shown to help recovery of injured nerves 
and, with the intramuscular laparoscopic dia-
phragm pacing technique now in clinical use, we 
may have a way to stimulate the diaphragm so 
that some afferent affects along the nerve will 
promote recovery. There is now some prelimi-
nary data in a disease where the phrenic nerve is 
dying at a set rate – amyotrophic lateral sclerosis 
(Lou Gehrig’s disease; unpublished results). By 
beginning a process of conditioning the dia-
phragm with the DPS system, we have been able 
to maintain diaphragmatic function in our early 
patients. This is partly due to the afferent effects 
of electrical stimulation but also preserving and 
strengthening the motor units that are left. The 
continuous decline in forced vital capacity of 
these initial patients has decreased which will 
increase their expected lifespan. This technique 
of using DPS can be expanded into acutely injured 
phrenic nerves in the hopes of reversing or 
improving the affects of acute phrenic nerve inju-
ries. This technique would not require any nerve 
transfers and if the nerve recovers it can be easily 
removed. A prospective trial of using DPS is nec-
essary to show if this would help.

There is also a signifi cant number of patients 
who were told they have a negative phrenic nerve 
conduction test (a nonfunctioning nerve) when, 
on repeat evaluation in our laboratory, we were 
able to show diaphragmatic movement with a 
nerve conduction study. Phrenic nerve studies 
are diffi cult to reproduce, especially in patients 

that are overweight or have thick necks. We were 
able to subsequently implant these patients with 
the laparoscopic motor point electrode system. 
With a simple laparoscopic mapping stimulation 
tool, before giving up on diaphragmatic function 
or prior to plication, the diaphragm should be 
surgically studied. If at the time of plication the 
diaphragm responds to intraoperative stimula-
tion, a motor point electrode with the DPS system 
should be placed and diaphragm function main-
tained. This may be a better long-term option 
than plication. This hopefully will be an option 
in our armentarium for unilateral diaphragm 
function in the future.
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Optimal Crural Closure Techniques for Repair 
of Large Hiatal Hernias
Carlos A. Galvani and Santiago Horgan

anatomical failures; inadequate crural closure 
accounts for more than a half of the failures.7,9

Different methods have been used in an attempt 
to prevent hiatal hernia recurrence. The propo-
nents of the prosthetic reinforcement of crural 
closure with mesh have suggested that this 
approach can be protective, reducing the inci-
dence of transdiaphragmatic migration of the 
wrap.10–13 For other authors, however, the use of 
mesh still remains controversial due to the 
increased risk of complications that the proce-
dure entails.4,14 Herein we analyze the experience 
reported in the literature with traditional crural 
approximation techniques and the use of syn-
thetic reinforcement of the diaphragmatic closure 
and the associated outcomes.

46.1. Classification of Hiatal Hernias

Hiatal hernias may be classifi ed into three types 
according to their anatomical characteristics:

Type I or sliding hiatal hernia: Is the most 
common type (95%), in which there is a 
migration of the gastroesophageal junction 
(GEJ) along with the upper portion of the 
stomach into the posterior mediastinum.

Type II or paraesophageal hernia: This type is 
the least common. A pure paraesophageal 
hernia exits when the fundus of the stomach 
herniates into the thorax alongside the 
esophagus, while the GEJ remains in its 
abdominal position.

Type III or mixed paraesophageal hernia: This 
type is more common than the type II. It is a 

Since the advent of laparoscopic anti-refl ux 
surgery (LARS) in 1991,1 this approach rapidly 
became more acceptable not only for surgeons 
but also for the medical community. As a conse-
quence the number of referrals for surgery 
increased considerably. Numerous reports in the 
literature have shown that minimally invasive 
surgery for refl ux disease offers excellent results 
in 85% to 95% of patients, with short hospital 
stay, decreased postoperative discomfort, and 
early return to regular activities.2 Over the years 
the increasing experience gathered with this pro-
cedure has made the technique available even for 
the most technically challenging operations, such 
as large hiatal hernias. Despite the encouraging 
low morbidity and mortality rates, the reported 
rates of anatomical failure have been from 12% 
to 42%.3–6 This variation in results might repre-
sent the objective postoperative evaluation (i.e., 
barium esophagram) performed in some centers 
comparedentmeicantly related (p < 0.05) to 
centers that only consider symptomatic recur-
rences. The most frequent anatomical failure 
reported after laparoscopic fundoplication is the 
transdiaphragmatic migration of the wrap, with 
or without disruption.7–9 Soper and colleagues7 
observed in multivariate analysis that postopera-
tive vomiting, diaphragmatic stressors, and hiatal 
hernia size were associated with anatomical fun-
doplication failure. Furthermore, these investi-
gators noted that the fundoplication was three 
times most likely to fail in patients with larger 
hiatal hernias at the time of the fi rst intervention. 
Similarly, among the several technical elements 
implicated as possible mechanisms leading to 



372 C.A. Galvani and S. Horgan

combination of the type I and type II hernia; 
consequently they have a sliding component 
and a paraesophageal component. They tend 
to be large in size and most of the time 
asymptomatic.

Type IV hiatal hernia: The hernia sac contains 
abdominal viscera or solid organs such as 
the omentum, spleen, colon, and the small 
bowel.

46.2. Diagnostic Studies

Diagnostic studies infl uence how the hernia 
repair is performed. In patients with achalasia 
and paraesophageal hernia or patients with inef-
fective peristalsis, the fundoplication is tailored 
to accommodate the patients’ esophageal motil-
ity disorder.

46.2.1. Barium Swallow

A barium swallow is the procedure of choice in 
a patient in whom a hiatal hernia is suspected; 
however, it should not be used to detect gastro-
esophageal refl ux disease (GERD). Barium esoph-
agogram fi ndings can demonstrate and defi ne 
the anatomical location of the esophagogastric 
junction relative to the diaphragm, and can also 
elucidate the location of the stomach and possible 
complications of refl ux disease (strictures).

46.2.2. Esophagogastroduodenoscopy

This is a useful tool for evaluating the presence 
of strictures, Barrett’s esophagus, esophagitis, 
and gastric ulceration. Upper endoscopy can help 
to differentiate between type II and type III 
hernias.

46.2.3. Esophageal Manometry

This should be performed during the preopera-
tive evaluation if surgical treatment is planned. 
It is usually helpful in the assessment of the LES 
(lower esophageal sphincter) pressure, and loca-
tion. Esophageal body motility should be assessed 
to rule out primary esophageal motility disorders 
(e.g., esophageal achalasia) or ineffective esopha-

geal motility (IEM), in which case the fundopli-
cation will be tailored accordingly.

46.2.4. Twenty-Four-Hour pH Monitoring

It is helpful in identifying associated GERD. 
Is not a diagnostic tool for paraesophageal 
hernias.

46.3. Laparoscopic Repair of Large 
Hiatal Hernias

46.3.1. Technical Aspects

Several surgical principles should be observed 
when performing these repairs to minimize com-
plications and optimize outcomes.9

46.3.1.1. Reduction of the Hernia and Dissection 
of the Sac

The fi rst step consists of gently reduction of the 
herniated stomach into the abdomen avoiding 
tears of the serosa. If complete reduction is not 
possible, early division of the short gastric vessels 
and incision of the sac beginning at its junction 
with the left crus (left crura approach), facilitates 
bringing the gastroesophageal junction and 
upper fundus of the stomach into the abdomen.15 
Next, using a combination of blunt dissection 
and harmonic scalpel, the hernia sac is dissected 
off its mediastinal attachments, reduced into the 
abdomen, and left at the GE junction level or 
removed.4,5,16 Resection of the sac is performed as 
much as possible always avoiding injuring the 
anterior vagus nerve. Leaving the sac in the chest 
can lead to cyst or seroma formation or hernia 
recurrence.

46.3.1.2. Esophageal Mobilization

Once the left crus has been exposed and the 
greater curvature of the stomach is completely 
free, the dissection is extended to the posterior 
mediastinum and to the right side of the esopha-
gus. During this maneuver a lighted bougie, the 
endoscope, or a bougie are used for better iden-
tifi cation of the esophagus. The bougie is usually 
pulled back to the esophagus during the dissec-
tion of the hiatus. The right crus is separated 
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from the esophagus with a combination of blunt 
dissection and harmonic scalpel. The mobiliza-
tion continues with the dissection of the poste-
rior aspect of the esophagus and the creation of 
the posterior window. The posterior vagus nerve 
is identifi ed at this point and preserved. A Penrose 
drain is used to encircle and retract the esopha-
gus and the vagus nerve.4,15,17

46.3.1.3. Closure of the Crura

After the complete mobilization of the esophagus 
is achieved and after the GE junction is observed 
to be well into the abdomen, closure of the dia-
phragmatic defect is started. The crura closure 
can be performed either primarily without rein-
forcement or with reinforcement of the crura 
with prosthetic material.

1. Primary crura closure: This is always started 
at the junction of the right and left crus, and is 
carried out anteriorly as far as possible. Closure 
of the crura posterior to the esophagus is started 
as low as possible to decrease tension on every 
stitch. The bougie is pulled back into the esopha-
gus before starting the closure. The assistant 
retracts the esophagus elevating it ventrally and 
to the left. In patients with large defects, complete 
closure of the defect posterior to the esophagus 
may result in excessive anterior angulation of the 
esophagus. In those patients, complete the closure 
of the hiatal defect by placing one or two sutures 
anteriorly is advisable. The closure is performed 
using the Endostitch (USSC) with either intracor-
poreal or extracorporeal knots.14,15 Use of a 52F to 
54F bougie prevents postoperative dysphagia.

2. Synthetic crura closure: Two different kinds 
of synthetic crura closure have been described:

• Non–tension-free techniques: This is by far 
the most commonly used approach. In this 
technique a primary crura closure is per-
formed with interrupted nonabsorbable 
sutures, furthermore, prosthesis is used to 
reinforce the closure of the diaphragmatic 
defect. A bougie is passed regularly down 
the esophagus during the repair to tailor the 
closure and to avoid postoperative dyspha-
gia. In the majority of cases the mesh is 
placed posterior to the esophagus.

  Granderath and colleagues,13,18 in addi-
tion to closing the crura primarily closure 

with nonabsorbable interrupted sutures, 
utilized a 1 × 3 cm polypropylene mesh. The 
mesh is included in one of the stitches while 
approximating the right and left crura. The 
stitches are tied extracorporeal.

  Champion and colleagues,10 in patients 
with hiatal defects of 5 cm or more, per-
formed primary crura closure around a 50F 
bougie. After this, a 3 × 5 cm polypropylene 
mesh is employed to cover the closure as an 
on-lay buttress. The mesh is secured in place 
with staplers along the edges of the crura.

  Frantzides and colleagues11 advocate a 
cruroplasty with ePTFE (Dual Mesh Gore-
Tex, W. L. Gore and Assoc., Flagstaff, AZ). 
In this procedure a primary closure of the 
crura is performed over a 50F bougie, 
accompanied by an oval ePTFE mesh with a 
3-cm hole. The mesh is appropriately 
secured to the crura with staplers.

  Zilberstein17 described a primary crura 
closure anterior and posterior. If this closure 
is considered to be under tension, a Dacron 
mesh U shape is placed on top of the dia-
phragmatic closure and fi xed with marginal 
staplers.

  Huntington and associates19 and later 
Horgan and colleagues3 proposed a direct 
crura closure and a relaxing incision if 
excessive tension is noted. The relaxing 
incision is carried out over the right crus to 
decrease the tension of the crura repair. 
Additionally, a polypropylene mesh is 
employed to close the defect. By utilizing 
this approach the authors avoided the mesh 
to be in direct contact with the posterior 
wall of the esophagus.

  Oelschlager and coworkers16 performed 
primary crura closure by approximating 
the crura with interrupted nonabsorbable 
sutures. In addition, a surgisis U-shaped 
mesh made of porcine small intestine sub-
mucosal (SIS) is used to cover the repair. 
The mesh is tacked to the edge of the right 
and left crura with staplers.

  Mattar and colleagues described another 
non–tension-free approach with the use of 
pledgets.20 In this technique, interrupted 
pledgeted nonabsorbable sutures are used 
to approximate the crura.
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• Tension-free techniques: In which the dia-
phragmatic defect is left unsutured and 
prosthetic materials are used to patch the 
defect. A bougie is not routinely used during 
the crura closure. This repair can be per-
formed either anterior or posterior to the 
esophagus and the material may vary among 
authors.

  Anterior mesh placement: Described by 
Paul and colleagues, in which a triangular 
piece of expanded polytetrafl uoroethylene 
of 5 × 10 cm (Gore-Tex soft tissue patch), is 
placed anterior to the esophagus to close 
the diaphragmatic defect. The mesh is fi xed 
to the crura with intracorporeal ePTFE 
sutures.21 After this, the fundus of the 
stomach is fi xed to the right crura for 
intraabdominal fi xation.

  Posterior mesh placement: Tension-free 
hiatoplasty.12 The hiatus is closed with a 3 × 
4 cm polypropylene mesh. The mesh is fi xed 
with titanium staplers to the right and left 
pilar of the crus. A 360° fundoplication is 
interposed between the mesh and the pos-
terior esophageal wall.

  Casaccia and colleagues22 described a 
hiatoplasty by using an A-shaped mesh 
(Bard® ComposixTM mesh) composed of 
polypropylene-polytetraf luoroethylene 
(PTFE). If the diaphragmatic defect is of 
3 to 4 cm, a primary closure is attempted 
at the beginning. Whenever the defect is 
larger a tension-free approach is chosen. 
The A-shaped mesh is placed encircling the 
esophagus and closing the diaphragmatic 
defect. The mesh is sutured in place with 
staplers.

  Anti-refl ux procedure: Once the crura 
repair is fi nished, the addition of an anti-
refl ux procedure is performed in the major-
ity of cases.4,6,9–12,16,17,20 The construction of a 
fl oppy tension-free fundoplication is gauged 
over a bougie (50F/52F–54F/60F). If an anti-
refl ux procedure is not added a good number 
of patients will develop refl ux postopera-
tively due to the wide dissection needed for 
the reduction of the hernia. Secondly, 
anchoring the repair underneath the dia-
phragm is potentially an additional protec-
tive measure to avoid anatomical failure.

46.4. Controversial Points Regarding 
the Use of Crural Reinforcement

Currently it is accepted that minimally invasive 
surgery for the treatment of large hiatal hernias 
has prevailed over the open approach by decreas-
ing morbidity and mortality. Yet the reported 
recurrence rate with the laparoscopic approach is 
rather high,4,5 resulting in substantial disagree-
ment concerning the technical aspects of the 
operation. Horgan and coworkers, based on prin-
ciples learned through re-operative anti-refl ux 
surgery,9 identifi ed some of the reasons for post-
operative failure and provided technical factors 
that applied during the initial procedure could 
decrease the recurrence rate. First, extensive 
mobilization of the esophagus in the posterior 
mediastinum is necessary to bring 3 to 4 cm of 
esophagus below the diaphragm. Second, proper 
closure of the diaphragmatic defect must be 
achieved, followed by intrabdominal anchoring 
of the wrap. Analogous observations have been 
made by others.5,7,8,14,20 Furthermore, Soper and 
Dunnegan7 found an association between early 
postoperative stressors (e.g., vomiting) and the 
size of the hiatal hernia at the initial operation as 
potential reasons for anatomical fundoplication 
failure. Despite these observations, disruption of 
the crural closure and wrap migration continue 
to be the most common cause of anatomical post-
fundoplication failure.6

Several authors concur that in the presence of 
small-to-moderate hiatal hernias primary closure 
of the crura is indicated.10,16,17,20,23 However, in the 
case of hiatal hernias with large diaphragmatic 
defects, primary closure of the crura creates 
tension and the best repair remains controver-
sial. More than a few authors have recommended, 
when the size of the hiatal defect is considerable, 
the use of prosthetic material as a reinforcement 
to decrease tension on the repair and as an effec-
tive measure to prevent reherniation.11–13,16–18

Most of the published results available con-
cerning laparoscopic repair of large hiatal hernias 
are merely observational studies of small series 
and not randomized, controlled trials.12,16–21 
(Table 46.1) There are only two prospective, ran-
domized trials evaluating the results of the classic 
primary crura repair with a prosthetic cruro-
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plasty11–13 (Table 46.2). The fi rst study was carried 
out by Frantzides and associates.11 The authors 
randomly performed either primary crura closure 
or prosthetic reinforcement in 72 patients with 
hiatal defects of more than 8 cm. They found that 
operative time was longer, and that the costs of 
the operation were also increased in the mesh 
group in contrast with the simple repair. Objec-
tive follow-up (i.e., barium swallow) after at least 
12 months was available in almost every patient 
(average, 3.3 years). No recurrence was found in 
the mesh group, compared with 22% recurrence 
rate in the non-mesh group. Five of these patients 
underwent a second operation, and an onlay 
mesh repair was used in all of them. No mesh-
related complications were seen. These investiga-
tors concluded that simple cruroplasty and mesh 
reinforcement, contrasting with the simple cru-
roplasty alone, helps to decrease the incidence of 
postoperative wrap herniation to nil.11 The other 
prospective, randomized trial was published 

recently by Granderath and associates.13 In the 
study, the authors randomized 100 patients for 
either simple cruroplasty or crura reinforcement 
with a polypropylene mesh. About 60% of patients 
in each arm had a hiatal defect greater than 5 cm. 
The results of this study demonstrated an 
increased rate of postoperative dysphagia at 6-
week and 3-month follow-ups in the mesh group 
compared to the non-mesh group (12% vs. 4%; p 
< 0.05). At 1-year follow-up, however, the inci-
dence of postoperative dysphagia was equivalent. 
It is valuable to note that the authors observed 
that both surgical approaches were equally effec-
tive in reducing acid esophageal exposure proven 
by pH monitoring. As shown by postoperative X 
ray, anatomical postfundoplication failure was 
more frequent among patients who underwent a 
simple cruroplasty (26% vs. 8%). These excellent 
results are comparable with those of Frantzides,11 
and seem to encourage the routine use of mesh 
for reinforcement of the crura closure in patients 

TABLE 46.1. Results of nonrandomized trials laparoscopic hiatal hernia repair with mesh prosthesis.

   Age Follow-up  Recurrence
Reference Type of  procedure N (years) (months) (no. patients)

Tension-free
Paul21 Cruroplasty w/PTFE  3 77 12 0
Casaccia22 Cruroplasty w/composite 27 60 27 1 (3.7%)
Basso12 Simple cruroplasty 65 47.8 48.3 9 (13.8%)
 Tension-free cruroplasty w/ 67 47.8 22.5 0
   polypropylene

Non–tension-free
Zilberstein17 Simple cruroplasty +   7 56 16 0
   cruroplasty w/Dacron
Oelschlager16 Simple cruroplasty +   9 63 8 1 (11%)
   cruroplasty w/SIS
Champion10 Simple cruroplasty + 52 57 25 1 (1.9%)
   cruroplasty w/polypropylene

TABLE 46.2. Results of prospective, randomized trials comparing simple cruroplasty and cruroplasty with mesh.

   Age Operation   Follow-up  Recurrence 
Reference Type of procedure N (years) time  (min) Morbidity Mortality (years) (no. patients)

Frantzides11 Simple  cruroplasty 36 63 126 Pneumothorax 0 3.3  8 (22%)
 Cruroplasty  w/ PTFE 36 58 156 – 0 3.3 0
     Pneumonia
     Urinary retention
Granderath13 Simple  cruroplasty 50 48 56 na 0 12 13 (26%)
 Cruroplasty  w/polypropylene 50 48 58 na 0 12 4 (8%)

Abbreviations: na, not applicable.
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with large hiatal defects. Primary crural closure 
is appropriate for patients with small- and mod-
erate-sized hiatal defects. Patients with large 
defects should have crural reinforcement at the 
time of repair (level of evidence 1–; recommenda-
tion grade A).

surgery.24 Currently several types of mesh are 
used as a prosthetic material, among them most 
commonly used are polypropylene mesh,10,12,13 
PTFE mesh,11,21 composite mesh (PTFE plus poly-
propylene), and Dacron mesh.17 Recently, a new 
type of biomaterial derived from porcine SIS 
became available to repair tissue defects.16,25

Regardless of the type of material, mesh-related 
complications still take place. Carlson26 reported 
esophageal erosion in one patient with a polypro-
pylene mesh. Similar fi ndings were reported 
when using a Dacron mesh by Zilberstein.17 In 
Edelman’s experience, one patient (20%) devel-
oped dysphagia and esophageal stenosis after 
tension-free repair with polypropylene mesh.27 In 
order to overcome this feared complication, 
Casaccia and colleagues have used a composite 
mesh (polypropylene–PTFE).22 However, Schauer 
and associates28 described a delayed esophageal 
perforation, re-operation, and mesh removal in a 
patient in whom a PTFE mesh was used. No adhe-
sions or erosion have been described with the use 
of the SIS mesh to this point.16 The characteristics 
of the SIS mesh are such that after implantation 
the material induces ingrowth of collagen and 
thus the regenerated tissue is stronger than native 
tissue. However, long-term experience with the 
use of this material in the esophageal hiatus is 
still scant, and there is insuffi cient data to permit 
recommendations for which material to use. The 
tendency of most authors seems to be toward the 
use of softer materials that create less infl amma-
tory response and less adhesion formation. Up to 
now, there are several undefi ned issues regarding 
the use of prosthetic materials for hiatal hernia 
repair, such as the shape, location, and the choice 
of material.

Primary crural closure is appropriate for 
patients with small- and moderate-sized hiatal 
defects. Patients with large defects should 
have crural reinforcement at the time of repair 
(level of evidence 1–; recommendation grade 
A).

Additional nonrandomized reports (level of 
evidence 3) have also proven the effi cacy of the 
synthetic crural closure compared with primary 
cruroplasty.10,16,17,22 Although these publications 
represent the authors’ longitudinal experience 
instead of being a true comparison between the 
two approaches, their observations remain sig-
nifi cant. For example, Champion and colleagues 
switched to prosthetic reinforcement of the crura 
after observing a disappointing 10.6% recurrence 
rate with simple cruroplasty. Consequently, at the 
average follow-up of 25 months, they observed a 
decrease in the incidence of postoperative intra-
thoracic wrap herniation to 2% with the use of 
prosthetic reinforcement.10 Similarly, Basso and 
associates12 divided their experience into two 
chronological periods in a nonrandomized com-
parative study. In the fi rst period they performed 
primary closure of the diaphragmatic defect. In 
the second part of the authors’ experience, a 
tension-free hiatoplasty was performed in every 
patient. Inclusion criteria for this study included 
hiatal hernia or GERD. In the fi rst period migra-
tion of the wrap into the chest was observed in 
13.8% of patients, whereas no patient experienced 
this complication in the second period.

One of the major arguments against the utili-
zation of mesh for the crura repair seems to be 
the occurrence of complications, such as esopha-
geal erosions and strictures.14 For this reason, 
another unresolved controversy is the choice of 
the synthetic material. It is accepted that the ideal 
prosthetic material should be non-reabsorbable, 
have a low risk of adhesions, be resistant, and be 
malleable to enable its use during laparoscopic 

There is insuffi cient data to permit recom-
mendations regarding the type of material 
that should be used for crural reinforcement.

46.5. Conclusion

As this report has indicated, numerous tech-
niques are available for the laparoscopic repair of 
large hernias. Evidence shows that synthetic 
reinforcement for the treatment of large hiatal 
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hernias can be performed safely without exces-
sive morbidity. In the presence of small-to-
moderate hiatal hernias, primary cruroplasty 
may be employed. Reinforcement of the hiatus 
with prosthetic material is suggested in patients 
with larger crural defects. Prospective, rand-
omized trials showed that prosthetic materials 
appear to signifi cantly lengthen the stability of 
the anatomical repair when utilized in combina-
tion with essential technical factors, such as: (1) 
tension-free reduction of the stomach and esoph-
agus with hernia sac resection; (2) crural closure; 
and (3) intraabdominal anchoring of the stomach 
with an anti-refl ux procedure. Further compara-
tive, prospective, randomized studies between 
different techniques will help to elucidate whether 
one approach is superior to the other, costs, and 
synthetic materials for the reconstruction of the 
esophageal hiatus. Longer follow-up is also nec-
essary to evaluate anatomical failures and mesh-
related complications.
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47
Management of Acute Diaphragmatic 
Rupture: Thoracotomy Versus Laparotomy
Seth D. Force

ries in blunt diaphragmatic trauma has been pos-
tulated to be due to the protective nature of the 
liver on the right side and anatomical weak points 
in the left diaphragm.4

47.2. Mortality and 
Associated Injuries

Mortality tends to be high in patients diagnosed 
with a diaphragmatic injury as a result of the 
many associated injuries that are often incurred 
at the time of the trauma. Williams and col-
leagues reviewed the records of 731 patients with 
traumatic diaphragmatic injuries and found a 
23% mortality rate. A revised trauma score (RTS) 
less than 5 and the number of organs injured 
were among the signifi cant variables that 
adversely affected survival.5

Diaphragmatic injuries may be relatively less 
important in patients with other major injuries 
who present in shock. Rowlands and colleagues 
found that 75% of patients presenting to their 
hospital who were subsequently diagnosed with 
traumatic diaphragmatic injuries had other inju-
ries. The average injury severity score in these 
patients was 21 and the mortality rate was 12.5%.6 
Sarna and coworkers reported on 41 patients with 
diaphragmatic rupture following blunt trauma 
and found that all of the patients had associated 
injuries, and 84% had injury to abdominal 
organs.7 Similarly, in 65 patients diagnosed with 
traumatic rupture due to blunt or penetrating 
injury, Mihos and coworkers found associated 
injuries in 95% with the majority being injury to 

Acute traumatic diaphragmatic rupture is diag-
nosed in 0.8% to 7% of patients following 
blunt trauma and in as many as 15% of patients 
following penetrating trauma.1,2 However, unrec-
ognized diaphragmatic injuries following lapa-
rotomy have also been documented; therefore 
the actual incidence may be higher than previ-
ously reported.3 Whether to use an abdominal or 
thoracic exposure to repair the diaphragmatic 
injury has been debated for years with preference 
usually for the body cavity containing the most 
severely injured associated organs. This chapter 
will review the current literature on the various 
techniques to diagnose diaphragmatic injuries 
as well as the optimal choice of exposure for 
repair.

47.1. Mechanism of Injury

Stabbings and gun shot wounds are the most 
common mechanisms for penetrating injury to 
the diaphragm. Due to the signifi cant elevation 
of the diaphragm during expiration, all stab 
wounds that enter the thoracic cavity at the fourth 
intercostal space or lower must be considered for 
possible diaphragmatic injury. Injuries from 
gunshot wounds vary depending on the type of 
ammunition used, the trajectory of the bullet, 
and the range from which the victim is shot. The 
mechanism for blunt diaphragmatic injury is 
unclear. Increased abdominal pressure may lead 
to direct rupture or herniation through weak 
points caused by congenital abnormalities or 
fractured ribs. The propensity for left-sided inju-
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abdominal organs, most commonly liver, spleen, 
or intestine. This study also described an increase 
in mortality associated with a higher injury 
severity score (ISS). The mean ISS among survi-
vors was 18 versus 41 for nonsurvivors.8 The fact 
that these injuries usually occur in acutely ill 
patients along with other injuries makes the 
diagnosis of diaphragmatic trauma particularly 
diffi cult.

47.3. Diagnosis

Diagnosing traumatic diaphragmatic injuries 
may be diffi cult in the multiply injured patient. 
However, it is important to look for and identify 
diaphragmatic injuries, despite the fact that a 
trauma patient may have other more pressing 
issues at the time of presentation. Although the 
location of penetrating injuries or signifi cant 
blunt force may heighten the clinician’s suspi-
cion, signs and symptoms of a diaphragmatic 
injury are nonspecifi c and the injury may not be 
recognized. Reber reported a series of 38 patients 
identifi ed with traumatic diaphragmatic injuries 
over a 16-year period. Ten patients were found to 
have diaphragmatic injuries that were missed on 
initial evaluation. The time between the trauma 
and discovery of the diaphragmatic injury ranged 
from 20 days to 28 years and all 10 patients pre-
sented with chest or abdominal complaints. One 
patient died in the postoperative period and three 
patients developed signifi cant complications. A 
retrospective blinded review by a radiologist of 
the patients’ initial presenting chest radiographs 
revealed evidence for diaphragmatic injury in 4 
of the 10 patients.2 This study highlights the dif-
fi culty of accurately recognizing these injuries. 
Currently there are a number of diagnostic tools 
that the clinician may use to help identify dia-
phragmatic injuries.

The literature describing the various diagnos-
tic modalities for the identifi cation of diaphrag-
matic injuries consists only of cohort studies and 
case series. Chest radiographs have long been 
used to evaluate patients for diaphragmatic 
rupture. Findings that are suggestive of, but not 
specifi c for, diaphragmatic injury include ele-
vated hemidiaphragm, evidence of abdominal 
viscera or nasogastric tube in the chest, contra-

lateral mediastinal shift, and pleural effusion. 
However, any condition obscuring the pleural 
space, such as a hemothorax or a lung contusion, 
can mask a diaphragmatic injury. Furthermore, 
diaphragmatic injuries without visceral hernia-
tion may not have any specifi c fi ndings on chest 
radiograph. Gelman and colleagues and Smithers 
and colleagues used chest radiographs to diag-
nose diaphragmatic rupture in 46% and 54%, 
respectively, of patients who presented with blunt 
trauma.9,10 Therefore, diaphragmatic injuries will 
be missed in up to half of patients who present 
with blunt diaphragmatic injuries. Both of these 
studies depended heavily on the presence of 
viscera in the chest to diagnose the diaphrag-
matic injury. Importantly, the absence of herni-
ated viscera does not rule out diaphragmatic 
injury.

Ultrasound has also been used to diagnose dia-
phragmatic injuries. Typical sonographic fi nd-
ings include abnormal diaphragm movement and 
visualization of a diaphragmatic tear or fl ap. The 
ability to perform ultrasound in the emergency 
room during the initial resuscitation is one of 
the benefi ts of this procedure. However, there are 
only a few studies that review this technique and 
only in patients following blunt trauma. Kim and 
associates performed a retrospective review of 12 
patients who suffered traumatic diaphragmatic 
rupture and who also underwent abdominal 
ultrasound by a radiologist. Eight of the patients 
were diagnosed by ultrasound with diaphrag-
matic rupture, and seven of these were confi rmed 
at the time of surgery. One patient was found to 
have a paper-thin diaphragm without evidence 
of rupture.11 Nau and colleagues reported very 
different results in their review of 31 patients 
diagnosed with diaphragmatic rupture due to 
penetrating and blunt trauma. Twenty-nine of 
the patients were evaluated by ultrasound in the 
emergency room, but none was diagnosed with a 
diaphragmatic injury by this method.12 The dis-
crepancy in detection rates between the two 
studies may be due to operator-dependent differ-
ences. The diagnosis of diaphragmatic injury 
relies heavily on the skill of the sonographer, and 
not all hospitals have in-house sonographers who 
are comfortable evaluating the diaphragm. Addi-
tionally, there are no agreed upon criteria for the 
diagnosis of diaphragmatic rupture by ultrasound.
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Computerized tomography (CT) may also aid 
in diagnosing diaphragmatic rupture. Because 
chest and abdominal CT scanning is routinely 
performed in trauma victims, it may provide a 
more convenient way to detect diaphragmatic 
injuries. However, most studies have not shown 
this to be a more sensitive test than chest radiog-
raphy. Karaaslan and Trupka found, in their 
respective studies, that CT did not add any addi-
tional benefi t to chest radiograph in diagnosing 
diaphragmatic rupture.13,14 Shapiro and cowork-
ers found CT scans and chest radiographs to be 
equally unreliable in diagnosing diaphragmatic 
injuries with approximately half of the injuries 
missed by either test.15 The previously mentioned 
study by Nau and coworkers found that CT was 
only able to identify 5 patients out of 16 who had 
diaphragmatic injury due to blunt trauma and in 
none of the 11 patients who had penetrating 
trauma.12 Bergin and coworkers have suggested 
using certain radiographic fi ndings termed the 
dependent viscera sign to increase the accuracy 
of CT scanning in identifying diaphragmatic 
injuries. Using this technique, they found that 
the radiologists were able to retrospectively iden-
tify traumatic diaphragmatic injuries in 9 out 10 
patients evaluated.16 However, there are no other 
studies that corroborate these fi ndings. In 
summary, CT does not appear to provide signifi -
cant additional benefi t over chest radiographs for 
the diagnosis of acute diaphragmatic rupture.

One fi nal radiographic test that deserves a 
brief mention is magnetic resonance imaging 
(MRI). Shanmuganathan and colleagues found 
that, out of 16 patients with suspected diaphrag-
matic injury on chest radiograph, MRI correctly 
identifi ed a diaphragmatic defect in 7 patients.17 
Although this modality may be highly accurate, 
it is not currently safe or feasible to bring criti-
cally ill trauma patients to the MRI scanner.

Invasive diagnostic tests may also be used to 
detect diaphragmatic injuries due to trauma. 
Prior to the advent of laparoscopy and thoracos-
copy, diagnostic peritoneal lavage (DPL) was the 
only invasive test for identifying injuries in 
trauma patients who were too unstable to undergo 
prolonged radiographic evaluation. Freeman and 
colleagues retrospectively reviewed 38 patients 
with blunt traumatic diaphragmatic rupture who 
underwent peritoneal lavage. False negative 

lavages were found in eight patients and in all 
four patients who had isolated diaphragmatic 
injuries.18

More recently, thoracoscopy and laparoscopy 
have been used to identify traumatic diaphrag-
matic injuries. Spann and colleagues reported on 
26 patients, following blunt trauma, who under-
went diagnostic thoracoscopy and laparotomy to 
identify diaphragmatic injuries. Eight patients 
with diaphragmatic injury were identifi ed by 
both techniques, and thus the authors concluded 
that thoracoscopy is as accurate as laparotomy 
for the identifi cation of these injuries.19 Other 
studies have made similar claims about laparos-
copy, but this procedure is not suitable for the 
unstable trauma patient.20 Thoracoscopy and 
laparoscopy probably do not have any benefi t in 
the trauma patient requiring laparotomy, but 
these procedures may improve our ability to 
diagnose occult diaphragmatic injuries in clini-
cally stable trauma patients.

47.4. Diaphragmatic Repair

The surgical considerations for repair of a rup-
tured diaphragm initially center on stabilizing 
the patient and diagnosing any associated inju-
ries. These patients will fall into two categories: 
(1) isolated diaphragmatic injuries (less than 10% 
of all trauma patients with diaphragmatic 
trauma); and (2) diaphragmatic hernia associated 
with multiple injuries. Patients with isolated dia-
phragmatic injuries may be treated best with tho-
racoscopy or laparoscopy. Mineo and colleagues 
studied 36 patients who underwent thoracoscopy 
following isolated blunt chest trauma (level of 
evidence 2−). They were able to either rule out 
signifi cant trauma or treat the thoracic injuries 
using thoracoscopy alone in 20 of these patients, 
including 5 who had diaphragmatic injuries.21 
These techniques can be used to diagnose and 
safely repair small- to moderate-sized diaphrag-
matic defects. Larger defects, including those 
with major organ herniation or large central 
defects, may be better repaired through a lapa-
rotomy or thoracotomy. Unfortunately, because 
of the rarity of this injury, there are no large 
studies evaluating the use of minimally invasive 
techniques.
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Given that the majority of patients with blunt 
or penetrating traumatic diaphragmatic injuries 
have other intraabdominal injuries, it follows 
that laparotomy would be the exposure of choice 
to diagnose and treat all of these injuries. This 
conclusion has been supported by the thoracic 
and trauma literature over the past three decades. 
Shah and colleagues reviewed 22 papers includ-
ing 980 patients with traumatic diaphragmatic 
injuries (level of evidence 3). Almost 90% of these 
patients had some combination of pelvic and/or 
abdominal injury. The authors remarked that 
since “the majority of the patients have associ-
ated intra-abdominal injuries most writers . . . rec-
ommend laparotomy as the preferable approach.”22 
Niville and colleagues derived their preference 
for a laparotomy approach from their patient 
series in which 34 out of 40 patients were oper-
ated on through an abdominal incision alone 
(level of evidence 3). The authors stated, “when 
confronted by a recent diaphragmatic rupture, 
we almost always use an abdominal incision 
knowing that it can easily be extended into the 
chest if necessary.”23

Despite the overwhelming support for lapa-
rotomy some authors still recommend thoracot-
omy for repairing traumatic diaphragmatic 
injuries. McCune and colleagues and Johnnson 
and colleagues preferred thoracotomy to repair 
right-sided diaphragmatic defects (level of 
evidence 3).24,25 Right diaphragmatic injuries 
repaired in a delayed fashion may also be better 
approached through a right thoracotomy.

Galan and colleagues reviewed 1696 patients 
who suffered blunt thoracic trauma and found 40 
patients with diaphragmatic injuries requiring 
immediate repair (level of evidence 3). Thirty-
four patients underwent thoracotomy to repair 
the defect, including 27 left-sided injuries and 7 
right-sided injuries. However, the authors do not 
explain their reason for choosing thoracotomy as 
the preferred exposure in these patients.26 Possi-
ble explanations for a thoracotomy approach may 
have included other intrathoracic pathology such 
as pulmonary lacerations, hemothoraces, and 
descending aortic injures. This argument is sup-
ported by fi ndings in a paper by Meyers and col-
leagues, in which 12 out of 54 patients underwent 
thoracotomy either alone in combination with 

laparotomy (level of evidence 3). Their reasons 
for choosing thoracotomy included further eval-
uation for positive pericardial window, persistent 
thoracic bleeding, bleeding from dome of liver, 
aortic injury, and need for aortic crossclamping.27

Thoracotomy may be necessary for aortic inju-
ries occurring in the presence of diaphragmatic 
injuries following blunt trauma. Among 69 
trauma patients with diaphragmatic injuries, 
Rizoli and coworkers found 7 who also had a 
descending aortic injury (level of evidence 3). 
Five of these patients underwent repair of both 
injuries while one had repair of only the dia-
phragmatic injury and one died intraopera-
tively. All fi ve patients who underwent repair 
of both injuries had laparotomies followed by 
thoracotomies.28

The type of diaphragmatic closure appears 
to be fairly noncontroversial. The majority of 
authors prefer a single layer of interrupted non-
absorbable suture, although there are no pro-
spective or retrospective studies comparing 
closure techniques. The use of mesh patches is 
reserved for chronic diaphragmatic hernias and 
there are no reports of its use in acute traumatic 
diaphragmatic injuries.

47.5. Conclusion

In summary, acute traumatic diaphragmatic 
injuries are rare and usually occur in critically 
ill, multiply injured patients. There are no large, 
prospective studies evaluating the means for 
diagnosis and repair. The majority of papers that 
discuss this entity are case series or case reports 
(level of evidence evidence) and thus recommen-
dations regarding diagnosis and treatment rely 
more on clinical opinion than on scientifi c results. 
Based on the evidence, recommendation grade D 
exists for laparotomy as choice for exposure 
in the majority of patients who have suffered a 
traumatic diaphragmatic injury. The exceptions 
include isolated right diaphragmatic injuries and 
diaphragmatic injuries occurring in the setting 
of other thoracic injuries requiring repair where 
thoracotomy may be more appropriate. Mini-
mally invasive techniques appear to provide 
equal effi cacy, compared to open techniques, 
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for diaphragmatic repair in stable patients, but 
there are currently few studies evaluating these 
methods.
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Laparotomy is the optimal choice for expo-
sure in the majority of patients who have suf-
fered a traumatic diaphragmatic injury (level 
of evidence 3; recommendation grade D). The 
exceptions include isolated right diaphrag-
matic injuries and diaphragmatic injuries 
occurring in the setting of other thoracic inju-
ries requiring repair, where thoracotomy may 
be more appropriate.
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ment, type, and duration of stent therapy. Medline 
was searched for keywords “benign airway steno-
ses” and “stents”. The search was limited to the 
English language. The titles were reviewed and 
the relevant abstracts were read. The pertinent 
articles were reviewed along with all their signifi -
cant references. We did not review single case 
reports. No trials were found in the Cochrane 
Central Register of Controlled Trials or the 
Cochrane Database of Systematic Reviews.

48.1. Controversies and How 
Published Data Impacts Our 
Clinical Practice

48.1.1. Common Clinical Indications 
for Stents

48.1.1.1. Postintubation Stenosis/
Post-tracheostomy Stenosis

Historically, the gold standard for the manage-
ment for a tracheobronchial stricture has been 
tracheal sleeve resection followed by end-to-end 
anastomosis (see Table 48.1). Grillo’s group1,4 
reported good results in 95% of their 901 patients 
with 4% of their patients requiring tracheosto-
mies or T tubes. Similar results were reported by 
others5,6. Gaissert7 advised against stenting surgi-
cally favorable patients in his case series of 15 
patients with stent complications.

Surgical resection, however, may be associated 
with increased risk in patients with insuffi cient 
tracheobronchial length for an end-to-end, 

Surgery has been the standard treatment for 
benign tracheal stenosis for decades, as it has 
shown durable results and low morbidity.1 
However, the low incidence of these lesions, the 
intrinsic technical diffi culty of the surgery, and 
frequent patient comorbidities lead to signifi cant 
postoperative complications including anasto-
motic dehiscence and re-stenoses, make stenting 
an attractive alternative. Most of the experience 
with stents comes from the palliation of malig-
nant airway strictures, with an estimated 20% to 
30 % of patients with lung cancer developing 
some degree of airway obstruction during the 
course of their disease.2 The incidence of benign 
airway stenoses is unknown.

There are no large randomized trials to assess 
the best treatment strategy for patients with 
benign airway obstructions with good justifi ca-
tion. It would be diffi cult to select a uniform 
cohort, it is unethical to randomize patients who 
are symptomatic to the noninterventional arm, 
and it would not be possible to randomize patients 
into double-blind studies. Therefore the litera-
ture is full of individual case reports and case 
series with few to no case controlled studies. 
Despite the lack of prospective, randomized data, 
the new stent technology is quickly being 
embraced due to its ready availability and ease of 
deployment. So the question is no longer, “Is stent 
therapy helpful?”; rather it is rapidly becoming, 
“Is stenting or surgery best for a particular 
patient?”3

In this chapter, we present the main controver-
sies of stent therapy for benign tracheobroncheal 
strictures, including endobronchial stent place-
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tension-free anastomosis, in patients who are in 
poor health, or in those who develop recurrent 
strictures.8 Cooper9 described his experience 
with Montgomery T tubes in 47 patients (36 with 

benign lesions) (Table 48.2). However, this re -
quired a tra cheostomy for stabilization and 
secretion management.

This paved the way for Dumon’s silicone tube, 
introduced in 1990, which was met with wide-
spread use due to its ease of insertion with a rigid 
bronchoscope and avoidance of a tracheostomy. 
In his original series,10 which included 66 patients 
(28 with benign strictures) and a mean follow-up 
of 3 months, he gave a preliminary outcome 
describing the feasibility and safety of this stent. 
In his follow-up study11 of four institutions and 
1058 patients, 263 of them had benign stenosis. In 
the benign group, complications included migra-
tion in 18%, obstruction in 5.7%, and granulation 
tissue formation in 17.2%. Removal of the stent 
without subsequent recurrence of the stenosis 
was achieved in 24% of patients.

In a retrospective study by Martinez-Ballarin12 
comprising 63 patients with benign tracheal ste-
noses (82% with postintubation stenosis (PIS)/
post-tracheostomy stenosis (PTS)), 48 patients 
had silicone stents placed with curative intent and 
15 patients had the stents placed for palliative 
reasons. After 18 months, 27 patients had their 
stents removed (6 for migration), 4 patients needed 
stent replacement, and 17 patients were cured. 
Sixteen patients were still being followed up at the 
time the article was printed, and six patients 

TABLE 48.1. Potential indications for stent placement in benign 
tracheobronchial disease.

Tracheal stenosis
 Congential
  Endotracheal tube injury (PIS)
  Post-tracheotomy related (PTS)
 Secondary to systemic disease
  Wegener’s syndrome
  Relapsing polychrondritis
  Amyloidosis
Bronchial stenosis
 Post–lung transplantation
 Relapsing polychondritis
 Postinfectious (tuberculosis)
Tracheomalacia
 Congenital
 Idiopathic
 Tracheobronchomegaly (Mounier–Kuhn syndrome)
 Relapsing polychondritis
 Tracheotomy related
 Post–lung transplant
 Radiation therapy related
Tracheobroncheal compression
 Compression by vascular abnormalities and malformation
 Fibrosing mediastinitis
 Kyphoscoliosis
Tracheal perforation

TABLE 48.2. Stenting for benign tracheal stenosis.

 Duration of No.  Level of
Reference follow-up patients Population evidence Stent used Conclusions

Cooper9 na 36 Mixed 3 Montgomery Montgomery T tube can be used as palliation, 
 1989        adjunct to surgery, or as a destination therapy.
Dumon10 3 months 28 Mixed 3 Dumon Dumon stents are safe to use in both benign and 
 1990        malignant tracheobronchael stenosis.
Martinez- 8 months 64 Postintubation 3 Dumon Highly effective in relieving symptoms; good 
 Ballarin12        patient tolerance; 1 patient dies secondary to 
 1996        occlusion of the stent with secretions.
Brichet13 28 months 32 PIS/PTS 3 Dumon Interventional bronchoscopy was curative in 1/3 of 
 1999        patients
Sesterhenn15 16 months 11 Postintubation 3 National National stents should be considered for treatment 
 2004        of benign stenosis.
Noppen16  2 months 39 Postintubation 3 Ultraflex 25% of patients required stent removal; national 
 2005        stent removal was safe and feasible.
Puma20 10 months 45 PIS/PTS 3 Silicone 3 lesion types: (1) circumferential lesions, stents
 2000        good as bridge to surgery; (2) inflammatory, also 
        stents good as a bridge until inflammation dies
        down; (3) extensive subglotic damage where
        surgery will have poor results, stents are good 
        long-term palliation.

Abbreviations: na, not available; PIS/PTS, postintubation stenosis/post-tracheostomy stenosis.
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needed another intervention including surgical 
resection of stenoses, T-tube placement, or tra-
cheostomy. Brichet13 presented a multi disciplinary 
approach to the management of postintubation 
stenoses, which included laser resection of iso-
lated webs in 15 patients (10 were cured) and stent 
placement using Dumon silicone stents for the 
more complex strictures (17 patients). Only 3 of 
the 17 stented patients were cured, 4 underwent 
surgery, and 9 had permanent palliative stent 
placement. His protocol called for stent removal 
in 6 months. Brichet noted that most patients with 
tracheal stenoses are acutely ill and stenting may 
be a way to bridge them into a healthier state. In 
his series, three patients died shortly after stent-
ing from other, non–stent-related causes.

Puma14 reported on 71 patients with PIS/PTS; 
26 were treated by immediate surgery and 45 
patients underwent stenting fi rst. In nine patients 
stenting was used as a bridge to surgery; these 
patients usually had severe infl ammatory lesions 
and the stent was used until healing stabilized. In 
37 patients, stenting was considered the defi nitive 
treatment. In 14 of these patients the stent was 
removed with no recurrence of symptoms in 10 
patients. Dumon stents were used for most 
lesions, Montgomery stents were used for patients 
who required frequent suctioning, and dynamic 
Y stents were used for those with distal lesions. 
He concluded that some stenoses can be treated 
by stents only, and cure may be achieved after up 
to 2 years of stenting. A normal airway is never 
seen after stent placement, but the lumen is large 
enough to allow normal breathing. Epithiliza-
tion, airway diameter, and chondromalacia were 
important determinants of whether stents could 
be removed.

Sesterhenn15 presented his data on PIS using 
uncovered nitinol stents. All patients were 
relieved of their symptoms and no stents were 
removed. Noppen used nitinol stents to treat 39 
patients with benign tracheobroncheal disorders. 
Fifteen patients had PIS. Stents were removed in 
25% of patients due to complications, and cure 
was achieved in only two patients.

48.1.1.1.1. Duration of Stent Implantation and 
Stent Removal

Dumon had initially recommended a period of 6 
to 12 months10 before attempting removal of his 

stent. In Brichet’s study,13 they were left in for 6 
months with a 16% rate of successful removal. 
Martinez-Ballarin12 set an arbitrary interval of 18 
months before stent removal; 35% of his group 
were cured with stents alone with 16 patients still 
waiting until the end of the 18-month period. 
Noppen16 removed 10 covered Nitinol stents from 
his series of 35 adult patients (8 for complications 
and 2 after healing of the tracheal lesion). 
Removal was successful without any major com-
plications. Signifi cant bleeding occurred in two 
patients who were treated successfully using con-
servative measures.

48.1.1.1.2. Recommendations

While resection offers the best therapy and long-
term results for benign tracheal stenosis, stents 
may be palliative or provide a bridge to surgery 
for patients who are considered unfi t for surgery. 
A trial of stenting for cure may be attempted, as 
some success has been reported with stenting and 
close supervision. Most data support using sili-
cone stents for this disease, however, data on the 
use of the covered Ulrafl ex stents are increasing. 
Up to 18 months of stenting may be required for 
PTS/PIS; clinical judgment is important in deter-
mining the timing of safe stent removal. In the 
case of metallic stents, removal should be per-
formed in the operating room where extracor-
poveal membrane oxygenation (ECMO) back up 
is available in case of acute airway obstruction or 
hemorrhage. These data consist of case series and 
case reports, therefore the grade of our recom-
mendation for treatment of PIS/PTS is C.

Resection offers the best therapy and long-
term results for benign tracheal stenosis. 
Stents may be palliative or provide a bridge to 
surgery for patients who are considered unfi t 
for surgery (level of evidence 4; recommenda-
tion grade C).

48.1.1.2. Idiopathic Tracheobroncheomalacia

In children the goal of stenting is to support the 
airway till it gains its structural integrity with 
growth. Silicone stents compromise the lumen 
due to their unfavorable wall-to-lumen ratio, 
signifi cantly reducing the cross-sectional diam-
eter; they repeatedly become obstructed with 
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secretions and have a high migration rate of up 
to 30%. Metal stents have a thin wall and are 
easily deployed in infants with tracheobroncho-
malacia. The Palmaz stent is frequently used in 
children because of the availability of small stents.

Filler17 reported his experience with the Palmaz 
stents in critically ill children. Sixteen patients 
with a median age of 9 months received 30 stents. 
Safe removal of stents was reported at an average 
age of 14 months. One patient died during stent 
removal from tracheal hemorrhage. In Geller’s 
case series18 of nine patients using Palmaz stents, 
three patients died from tracheal hemorrhage 
and one died from recurrent pneumonia. He rec-
ommended that stents be used only as a last 
resort and after careful consideration. Nicolai19 
deployed Ultrafl ex stents in fi ve infants: 2 tra-
cheal and 11 bronchial stents. Four stents required 
removal and replacement for suboptimal posi-
tion with forceps/rotation technique endoscopi-
cally without incident. The longest follow-up was 
6 years (see Table 48.3).

48.1.1.2.1. Removal and Duration of Stent

Filler17 recommended stent removal at 1 year, yet 
Puma20 believed that at least 2 years are neces-
sary before attempting stent removal in severe 
circumferential stenoses with associated tracheal 
malacia.

48.1.1.2.2. Recommendation

Idiopathic tracheobronchomalacia is a diffi cult 
disease to treat. Stents do improve the short-term 
results; what will happen as the child reaches 
adulthood is speculative at present. The longest 

follow-up is only 7 years. Palmaz stents are the 
most commonly used stents in children. However, 
good results can be obtained with Ultrafl ex stents. 
The timing of stent removal is controversial and 
we advocate removing metallic stents in the oper-
ating room (OR) with ECMO backup in case there 
is loss of the airway or hemorrhage. The data are 
based on case series and case reports; therefore 
our recommendation grade for treatment of tra-
cheomalacia is C.

TABLE 48.3. Stenting for idiopathic tracheomalacia.

 Duration of  No. Level of
Reference follow-up patients evidence Stent used Conclusions

Filler17 16 months 16 3 Palmaz Stents may be used effectively in tracheobroncheomalacia; removal may 
       be required for complications.
Furman43 6 month  6 3 Palmaz BEMS work well for tracheobroncheomalacia not responsive to 
       conventional therapy.
Geller18,44 na  9 3 Palmaz 4 patients died secondary to bronchial hemorrhage; stent suitable as final 
       resort; high complication rate.
Nicolai19 32 months  9 3 Nitinol Nitinol stents offer a therapeutic option for inoperable central airway 
       malacia or stenosis in children with minimal morbidity.

Abbreviations: BEMS, balloon-expanded metal stents; na, not available.

Idiopathic tracheobronchomalacia is a diffi -
cult disease to treat. Stents improve the short-
term clinical results (level of evidence 4; 
recommendation grade C). What will happen 
as the child reaches adulthood is speculative 
at present.

48.1.1.3. Anastomotic Strictures (Lung 
Transplantation/Sleeve Resection)

Stents are used to treat anastomotic strictures, 
bronchiomalacia, and anastomotic dehiscences 
(Table 48.4). Both silicone9 and metallic stents21,22 
have been used with good results. Mild stenoses 
are treated with simple balloon dilation; however, 
severe and persistent stenoses, tracheomalacia, 
and dehiscences often require stenting. In 
Chhajed’s study, 13% of all lung transplants had 
a bronchial complication. They recommended 
dilation fi rst, as 20% of patients responded to 
dilation alone. All tracheomalacia patients did 
well with stents. The stents did not relieve the air 
leak in the dehiscence group. Mughal23 looked at 
nitinol stents in seven patients with bronchial 
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anastomotic dehiscences. He was able to remove 
the stents within 21 to 57 days in all fi ve patients, 
two of whom required repeat stenting for bron-
cheomalacia. He did not use covered metal stents 
due to their high incidence of bacterial coloniza-
tion,24 and advocates the use of uncovered stents 
for dehiscence on the basis that this promotes 
granulation tissue and healing.

48.1.1.3.1. Recommendation

Most authors recommend metal stents in bron-
cheomalacia, as silicone stents migrate.25 Stric-
tures can be treated with balloon dilation, and 
stenting should be observed for recalcitrant stric-
tures. Covered stents should be removed after 6 
to 8 weeks, as their long-term complications have 
not been all elucidated. For bronchial or anasto-
motic dehiscence, covered metallic stents are pre-
ferred. The data consists entirely of case series 
and case reports, therefore our recommendation 

grade for treatment of anastomotic, post–lung 
transplant strictures is C.

TABLE 48.4. Stenting for bronchial strictures or anastomotic complications.

 Duration of No. Patient Level of 
Reference follow-up patients population evidence Stent used Conclusions

Mughal23 13 months  7 Lung transplant 3 Ultraflex In uncovered stents granulation tissue helps healing
        of dehiscence; difficulty of stent removal not 
        mentioned.
Saad50 20.1 months 12 Mixed 3 SEMS Stents are effective in this sick and high-risk
        population with acceptable complications.
Chhajed21 na 33 Lung transplant 3 Mixed Balloon dilation of airway obstruction in lung 
        transplant patients is not very successful;
        tracheobroncheal stents are clearly useful.
Herrera57 25 months 18 Lung transplant 3 Gianturco Stent therapy is effective treatment for lung
        transplant airway obstruction.

Abbreviation: na, not available.

TABLE 48.5. Stenting for tuberculous strictures.

 Duration of  No. Patient Level of
Reference follow-up patients population evidence Stent used Conclusions

Lee26 32 months 33 TB 3 Metallic Nitinol stents can be used successfully in patients who
        fail balloon dilation.
Lee27 na 19 TB 3 Metallic Z Balloon dilation as initial therapy had good results;
       stents   metallic Z stents has a high complication rate.
Wan28 na  7 TB 3 Dumon Dumon stents can be used along with balloon
        dilation in airway obstruction secondary to TB.
Kim29 5–52 months  9 TB 3 Metallic Nitinol retrievable strents good option for TB strictures;
        stent removal after 6 months has a low incidence of
        relapse.

Abbreviations: na, not available; TB tuberculosis.

Metallic stents are useful for treatment of 
bronchial strictures after sleeve lobectomy or 
lung transplantation (level of evidence 4; rec-
ommendation grade C).

48.1.1.4. Tuberculous Strictures

Lee reported stenting for tuberculous strictures 
in his series of 59 patients26 (Table 48.5). Stents 
were inserted into 5 out of the 59 patients who 
were refractory to repeated balloon dilations. In 
another study from Korea,27 19 patients under-
went dilation and placement of 5 Z stents. One 
stent fractured and another had severe ingrowth 
of granulation tissue.

Wan28 reported his series of seven patients, all 
of whom did well with signifi cant improvement of 
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their symptoms. Kim29 reported a series of nine 
patients with tuberculosis strictures and used 
nitinol stents for an average of 4 to 6 months. None 
of the four patients who had a stent in for 6 months 
had recurrence, whereas 3/5 patients who had the 
stent in for only 2 months had recurrence.

48.1.1.4.1. Recommendation

Balloon dilation is fi rst-line therapy for tracheo-
broncheal stenosis secondary to tuberculosis. 
Stents have a role in intractable stenosis. Both 
nitinol and silicone stents can be used. Removal 
of the stents seems reasonable after 6 months. 
The data is based on case series and case reports, 
therefore our recommendation grade for treat-
ment of tuberculosis strictures is D.

Dumon31 reported results from 1574 stents 
placed in 1058 patients. Benign disease accounted 
for 360 patients. In this group stent migration 
occurred in 15%, stent obstruction by secretion in 
8%, and granulation tissue formation occurred 
in 18%. There have been some fatalities reported 
from acute obstruction with secretions and failure 
of immediate referral.31 Two studies address the 
issue of silicone stent migration with new designs. 
The fi rst, by Vergnon,32 had no stent migration in 
his series of 13 patients using a new stent with vari-
able diameters. The second, by Noppen,33 looked 
at a screw thread stent compared to the Dumon 
stent. Stent migration occurred in more patients 
who received Dumon stents (24% vs. 5%), although 
the difference was not statistically signifi cant.

Several stents, such as the Polyfl ex stents,34 
which incorporate both silicone and metal in 
their design, attempt to remedy some of the 
drawbacks of pure silicone or metal devices. 
Hybrid stents consist of expandable metal struts, 
which resist compression, covered by a silicone 
membrane. In Bolliger’s34 study, 25 patients with 
terminal cancer had the Polyfl ex placed with a 
migration rate of only 3.7%; no other complica-
tions were noted.

48.1.2.2. Metallic Stents

The stents used in airways include the balloon-
expanded metal stents (BEMS), most commonly 
the Palmaz stent, and the self-expanding metal 
stents (SEMS), most commonly, the nitinol/Ultra-
fl ex. The Wallstent and the Gianturco stent are 
rarely used today.

48.1.2.2.1. Gianturco Stent (William Cook, Denmark)

Today, placing Gianturco stents in the airways is 
considered obsolete by all experts, in spite of their 

Balloon dilation is fi rst-line therapy for tra-
cheobroncheal stenosis secondary to tubercu-
losis. Stents have a role in managing intractable 
stenosis (level of evidence 4 to 5; recommen-
dation grade D).

48.1.2. Choice of Stent

48.1.2.1. Silicone Stents

48.1.2.1.1. Dumon Stents (Nova Tech, Abayone)

Introduced by Dumon in 1990, this stent is con-
sidered the standard by many physicians (Table 
48.6). The main advantage includes the ability to 
be repositioned at a latter time. The disadvan-
tages include migration, mucus plugging, and 
granuloma formation, albeit with less ferocity 
than is evident with metal stents. The need for 
rigid bronchoscopy for insertion is another dis-
advantage, as fewer than 10% of pulmonologists 
can perform rigid bronchoscopy.30

TABLE 48.6. Silicone stents.

 Duration of No. Level of
Reference follow-up patients evidence Stent used Conclusions

Dumon10,11 na 690 3 Dumon Dumon stents are effective in treating benign 
       tracheal stenosis with a cure rate of around 
      24%.
Noppen33 Up to 6 years  23 3 Silicone (Dumon vs. Screw-thread) New stent had less migration than Dumon stent.
Vergnon32 19 months  13 3 Silicone (Tracheobronxane ST stent) New silicone stent had no migration and less
       granulation tissue formation.

Abbreviation: na, not available.
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seemingly easy insertion.35,36 This is because of 
the high rate of complications, which include 
stent fracture,37 fi stula formation,38,39 and rapid 
re-occlusion of the airway with granulation 
tissue.39 In an animal study from Italy,40 three 
types of stents were compared in 12 sheep: (1) bare 
self-expandable metallic stents (Gianturco); (2) 
silicone stents (Dumon); and (3) covered self-
expandable synthetic stents (Polyfl ex). They 
found the Gianturco stent proved unsafe in the 
long term, owing to the risk of severe airway wall 
damage and perforation. The Polyfl ex stent was 
well tolerated but presented a high migration rate. 
The silicone stent showed several limitations but 
appear to be well tolerated by the host mucosa.

48.1.2.2.2. Palmaz Stent (Johnson and Johnson, 
Warren, NJ)

This is a balloon expandable stainless-steel mesh 
stent. Availability in small diameters made it 
attractive for the pediatric population, especially 
for tracheobroncheomalacia (Table 48.7). It has 
plastic behavior and therefore does not re-expand 
after being deformed. Filler and colleagues41 
reported results in 16 patients, most of whom had 
tracheomalacia. The stents were removable, and 
granulation tissue was seen in approximately 
20% of the group. Perini and coworkers42 treated 
eight patients with benign tracheobronchial dis-
orders with 24 stents. Stent migration occurred 
in two patients (25%) and stent deformation in 
three patients (38%). Furman and associates43 
reported their series of six patients. He had to 

remove one stent due to severe granulation tissue 
formation; two patients died from sepsis. Geller 
and coworkers44 reported their experience in 
nine children with benign stenosis. Four patients 
died, three due to tracheal hemorrhage and one 
due to recurrent pneumonias. Sommer and 
Forte45 believe use of this stent is the preferred 
management for signifi cant tracheobronchoma-
lacia in children. Susanto and colleagues46 used 
11 Palmaz stents in seven patients with either 
bronchial stenosis or malacia after lung trans-
plantation. Complications after stent placement 
included partial dehiscence of the stent from the 
bronchial wall in two patients, stent migration in 
three patients, partial obstruction of a segmental 
bronchial orifi ce by a stent in the main bronchus, 
and longitudinal stent collapse.

48.1.2.2.3. Wallstent (Boston Scientific Co., 
Watertown, MA)

This is a self-expanding metal stent made from a 
cobalt alloy. It is rarely used today. The utility of 
the device remains compromised by diffi culty in 
repositioning and removing it.47 Nitinol stents 
have better characteristics and have replaced 
Wallstents.

48.1.2.2.4. Ultraflex Stent (Boston Scientific Co., 
Watertown, MA)

Nitinol is a nickel–titanium alloy that exhibits 
a shape memory phenomenon known as the 
Marmen effect. The Ultrafl ex is a self-expanding 

TABLE 48.7. Palmaz stents in the pediatric population.

 No. Patient Level of 
Reference patients population evidence Stent used Conclusions

Perini42  8 Lung transplant 3 Palmaz Palmaz stents are subject to deformity and migration from repeated
       external stress.
Furman43  6 Neonatal 3 Palmaz BEMS work well for tracheobronchomalacia not responsive to
       conventional therapy.
Geller18,44  9 Tracheomalacia 3 Palmaz 4 patients dies secondary to bronchial hemorrhage; stent suitable as
       final resort; high complication rate.
Filler17 16 Benign 3 Palmaz Stents may be used effectively in tracheobronchomalacia; removal
       may be required for complications.
Susanto46  7 Lung transplant 3 Palmaz Easy insertion and removal; this stent has significant 
      complications.

Abbreviations: BEMS, balloon-expanded metal stents; na, not available.
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device made of nitinol. It has a cylindrical open 
knitted loop design made from a single strand of 
nitinol wire and available in 8 to 20 mm diame-
ters. It does not fully expand to its austenitic state 
immediately after release, allowing time to read-
just the position. The fl exibility also allows it to 
fi t to complex stenotic shapes. It can be easily 
removed before complete epithelization.

Jantz48 reported their series of 34 patients, 16 
of whom had benign disorders (Table 48.8). The 
average follow-up was 19.5 months. No patient 
had excessive granuloma formation or secretions. 
One patient had his stent removed without 
diffi culty.

Noppen16 reported his series of 34 patients who 
underwent stent placement for benign disease. 
Twenty-fi ve percent of these required removal 
(fi ve patients with granuloma formation, one 
patient with stent failure and restenosis). There 
were two cases of stent fracture, and two patients 
were considered to have had successful treat-
ment. All the implanted stents were covered. His 
conclusions were that even though stents are 
regarded as permanent, removal was safe and 
with out major sequelae.

Sesterhenn and colleagues15 reported their 
experience with nitinol stents in 11 patients with 
benign diseases. In their follow-up (mean, 67 
weeks), one patient developed granuloma that 
required laser resection and one patient devel-
oped a dislocation of the stent requiring re-
stinting. All his patients were nonoperable 
candidates. None of the stents were removed 
because all the patients tolerated it well. Madden49 
treated nine patients with benign diseases with 
11 covered nitinol stents. All patients improved 
signifi cantly. There was one patient who devel-

oped granulation tissue distal to the stent, sputum 
retention occurred in one patient, and two 
patients developed halitosis.

As mentioned previously, Mughal23 described 
his experience with nitinol stents in seven lung-
transplant patients. He recommended uncovered 
stents to prevent bacterial colonization and 
enhance granulation formation in dehiscence. He 
was able to remove the stents in fi ve patients 
without complications. Saad50 described the Cleve-
land Clinic experience using self-expanding 
stents in 82 patients using both Wallstents and 
Ultrafl ex stents. Fifty patients had cancer, 11 
patients had undergone a lung transplants, and 
21 had other miscellaneous benign disorders. 
Clinical infection occurred in 15.9%, obstructive 
granulomas in 14.6%, and migration in 4.7%. The 
complication rate was not related to the type 
of stent (Wallstents vs. Ultrafl ex), or the version 
(covered vs. uncovered). There was no difference 
in complication rates among the three groups.

48.1.2.3. Recommendations

The Dumon stent is safe. Disadvantages include 
the need for rigid bronchoscope, diffi culty in 
conforming to irregular airways, interference 
with mucociliary clearance, and a relatively high 
rate of migration.

We do not recommend the use of the Gianturco 
stents due to their potential complications.

The Palmaz stent is not suited for adults sec-
ondary to its mechanical properties and reported 
complications. It may be useful in the pediatric 
population due to its size availability. Nitinol 
stents are being used with increased frequency in 
its place.

TABLE 48.8. Ultraflex stents vs. Wallstents.

 Duration of  No. Level of
Reference follow-up patients evidence Stent used Conclusions

Noppen16 16.2 months 39 3 Wallstent 25% of patients required stent removal; nitinol stent is safe and feasible.
Sesterhenn58 16 months 11 3 Nitinol Nitinol stents should be considered for treatment of benign stenosis.
Madden49 41 months 10 3 Ultraflex Good long-term results; complications include halitosis and granulation
       formation.
Mughal23 13 months  7 3 Ultraflex In uncovered stents, granulation tissue hels healing of dehiscence;
       difficulty of stent removal not mentioned.
Saad50 20.1 months 12 3 Wallstent Stents are effective in this sick and high-risk polulation with acceptable
       complications.
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The Ultrafl ex stent is probably the stent of 
choice. The elasticity of this alloy biodynamically 
closely resembles that of the tracheobronchial 
tree, in contrary to stainless steel.2 The austenitic 
characteristic is very important, because after 
expansion, the nitinol stent does not increase its 
pressure on the airway wall. This contrasts with 
the expandable metallic stent, in which there is 
constant elastic pressure on the airway.2 The risk 
of airway perforation is theoretically lower with 
nitinol stents because they do not change length 
once expanded and are fl exible enough to change 
shape with a cough, yet have radial strength 
during constant compression by tumor or steno-
sis. However, there is no evidence to prove this. 
Migration seems to be less than with other stents, 
and the covered stents seem safe, in terms of 
removal. It is probably as good as silicone stents 
in tracheal lesions and we prefer them over sili-
cone stents in bronchial lesions.36

metallic stents have been evaluated in the canine 
bronchus54 and were compared to a covered 
metallic stent. There were less epithelial erosions 
and less granulation tissue associated with the 
DXM-eluting covered stent. A completely absorb-
able stent made of polyglactin 910 (Vicryl) fi la-
ments in a homogenous polydioxanone (PDS) 
melt has been studied in an animal model. The 
stent, however, was completely absorbed within 
4 weeks. The stent did show complete biode-
gradability and suffi cient suspensor properties.55 
Future stents will combine the advantages of the 
metal and silicone varieties, and the indications 
for placing pure metal stents will likely decline.

48.3. Personal Views and Conclusion

There are no randomized studies directly compar-
ing long-term outcomes after stenting versus resec-
tion for benign airway stenoses. We do need to 
continue to collect data on the different stents 
being used. This is diffi cult in single institutions 
due to the comparatively low number of patients. I 
would suggest that a database be set up by the stent 
companies, biased as they may be, to further study 
the long-term results and gain further insights.

Most physicians placing stents are pulmonolo-
gists with little rigid bronchoscopic experience.30 
Therefore, we will continue to see the advance-
ment of stents that can be inserted through fl ex-
ible bronchoscopes. The most comprehensive 
assessment and therapy are generally provided 
by centers with multidisciplinary airway teams 
specializing in compromised airways. Brichet13 
developed an algorithm for the management of 
tracheal stenoses. The algorithm was designed by 
thoracic surgeons, otorhinolaryngologists, anes-
thesiologists, and pulmonologists. Their approach 
primarily relied on rigid bronchoscopy with laser 
therapy and stent placement, followed by surgery, 
in appropriate candidates who developed disease 
recurrence. This multidisciplinary approach was 
also suggested by Jones.56 This multidisciplinary 
approach to the care of patients ensures that 
patients will receive the most appropriate inter-
vention, and hopefully will generate answers to 
the increasing number of questions concerning 
the diagnosis and management of this group of 
patients.

The Dumon stent is safe, but its disadvantages 
include the need for rigid bronchoscope, dif-
fi culty in conforming to irregular airways, 
interference with mucociliary clearance, and 
a relatively high rate of migration.

The Palmaz stent is not suited for adults 
secondary to its mechanical properties and 
reported complications. It may be useful in 
the pediatric population due to its size 
availability.

The Ultrafl ex stent is a probably the stent of 
choice (level of evidence 3 to 4; recommenda-
tion grade C).

48.2. Future Studies and Trends

Poly-L-lactic acid and polyglycolic acid (PLPG) 
resorbable external stents may offer a potential 
solution to the problem of tracheomalacia.51 These 
have been placed externally in animal models 
with good results when compared to the internal 
Palmaz stent52 and silicone stents.53 Advantages 
of this material include its strength, its versatile 
shaping characteristics, and its resorbability, 
which would obviate the need for surgical removal 
and allow for infant airway growth. Dexametha-
sone (DXM)-eluting, covered, self-expanding 
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49
Tracheal Resection for Thyroid or 
Esophageal Cancer
Todd S. Weiser and Douglas J. Mathisen

with incurable thyroid carcinoma with slow-
growing distant metastatic disease can benefi t 
from palliative resection of the thyroid cancer 
and involved trachea.

Techniques have been developed for simple 
sleeve resection of the trachea. Thyroid cancers 
that invade part of the cricoid cartilage can be 
resected and reconstructed by removing the 
involved airway and preserving one half of the 
cricoid cartilage and opposite recurrent laryngeal 
nerve. The distal airway is shaped to fi t the result-
ing defect in a jigsaw fashion (Figure 49.1). 
Although demanding technically, this can be 
safely done with preservation of voice and airway. 
Alternative palliative options include rigid bron-
choscopy with coring out the invading malig-
nancy, laser ablative approaches, or external beam 
radiotherapy. These options incompletely address 
the oncological process and are best reserved for 
patients with limited life expectancies.

Carcinoma of the esophagus can potentially 
invade the tracheal wall. Radiographic evalua-
tion of the patient with esophageal carcinoma, 
especially when combined with bronchoscopy 
and esophageal ultrasound, can help identify 
those patients at high risk for airway involve-
ment.5 Subsequent tracheoesophageal fi stulae 
(TEF) can occur as the result of direct erosion 
and necrosis of the esophageal carcinoma or due 
to the effects of therapy resulting in necrosis of 
the tumor and tracheal wall. Unfortunately, 
patients with malignant esophagorespiratory fi s-
tulae have a dismal prognosis and esophagec-
tomy with airway resection and reconstruction is 
almost never warranted. Most patients with 

The goals of major resection of the trachea or 
carina for malignant invasion by thyroid or 
esophageal carcinomas should be the opportu-
nity for cure or for the palliation of symptoms 
related to these secondary tracheal neoplasms. 
Due to the differences in the natural history of 
these two distinct malignant processes, airway 
resection and reconstruction should usually only 
be considered for tracheal invasion by adjacent 
thyroid carcinomas. Major airway resection for 
locally invasive carcinomas of the esophagus is 
almost never indicated.

In general, patients with noninvasive thyroid 
malignancies achieve meaningful long-term sur-
vival after surgical resection.1 Tracheal invasion 
by differentiated thyroid carcinoma at primary 
presentation occurs infrequently, with an esti-
mated occurrence rate of between 1% and 6.5%.2 
Patients may present with hoarseness, hemopty-
sis, or dyspnea. The goal in treating these patients 
should be similar to that for patients with nonin-
vasive thyroid cancers: the extirpation of all loco-
regional disease. The thyroid surgeon usually 
discovers airway involvement during elective 
thyroid resection and often attempts to shave off 
the neoplasm from the wall of the trachea. Despite 
adjuvant therapies, this approach unfortunately 
often leads to tumor recurrence with potentially 
profound morbidity and mortality from subse-
quent hemorrhage and suffocation.3 To avoid 
airway obstruction and hemoptysis, tracheal 
resection and reconstruction can be performed. 
Grillo was the fi rst to report a case of tracheal 
resection and reconstruction for airway involve-
ment by thyroid carcinoma in 1965.4 Even patients 
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malignant TEF are diagnosed after the appear-
ance of the fi stula, but there are cases in which 
an impending fi stula is discovered. In these latter 
cases, airway involvement is typically noted on 
bronchoscopic evaluation. Airway resection and 
reconstruction combined with esophagectomy 
interrupts the tracheal blood supply, greatly 
increasing the risk of airway anastomotic 
complications.

49.1. Published Data

Since Grillo’s initial description of tracheal resec-
tion and reconstruction for locally invasive 
thyroid carcinoma, the techniques for airway 
resection have been refi ned and standardized. 
This has led to a signifi cant improvement in mor-
bidity and mortality associated with tracheal 
surgery. Accordingly, several centers, mainly in 
the United States and Japan, have pursued aggres-

sive surgical treatment of well-differentiated 
thyroid carcinoma with airway invasion. Major 
series are listed in Table 49.1. Due to the relative 
infrequency of this clinical situation, all reports 
are uncontrolled case series with a level of evi-
dence of 4 based on the criteria established by the 
Oxford Centre for Evidenced-Based Medicine.

49.1.1. Thyroid Cancer Invading the Trachea

There is no consensus in the literature on the 
optimal surgical management of patients with 
thyroid carcinoma invading the trachea. Fuji-
moto and associates6 published the fi rst large 
experience in 1986. They treated 20 patients with 
locally invasive papillary thyroid cancer involv-
ing the airway. Six patients underwent tracheal 
sleeve resection and reconstruction, shave proce-
dures were performed in 7 patients, 3 underwent 
window resection of the trachea, and a laryngo-
tracheoesophagectomy was carried out in 1 
patient. Resection was not possible in three 
patients due to very advanced local disease. 
One perioperative death occurred among the 17 
patients who underwent resection. One local 
recurrence was reported and this occurred in one 
patient undergoing a shave procedure. No infor-
mation was given on relief of symptoms. In 
follow-up, thyroid carcinoma resulted in death in 
three patients: one patient with a local recurrence 
after a shave procedure and in two patients in 
which resection could not be performed due to 
extensive local disease.

Ishihara and colleagues7 reported results of 
airway resection for locally advanced thyroid 
cancers. This series was the fi rst in the literature 
in which the patients were treated with circum-
ferential airway resection and reconstruction. Of 

TABLE 49.1. Major reports of surgical management of thyroid carcinoma with tracheal invasion.

Survival data

 Shave resection Radical resection Level of
Author Year N 5-year (%) 10-year (%) N 5-year (%) 10-year (%) evidence

Ishihara7 1991 – – – 50 66.6 60.2 4
Czaja9 1997 75 90 86 34 93 90 4
McCarty11 1997 35 90 85  5 66.6 nr 4
Grillo13 1992 – – – 27 59 50 4

Abbreviation: nr, not reported.

FIGURE 49.1. A complex type of resection in a patient with a 
recurrent thyroid carcinoma, presenting 2 years after 
thyroidectomy. [Reprinted with permission from Grillo HC, Zannini 
P. Resectional management of airway invasion by thyroid 
carcinoma. Ann Thorac Surg 1986;42:287–298, with permission 
from Society of Thoracic Surgeons.]
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60 patients, laryngotracheal reconstruction was 
performed in 41 patients, while the remaining 19 
had a tracheal resection and reconstruction. The 
malignancy in two thirds of these patients repre-
sented recurrent disease. Thirty-four patients 
underwent complete resections with 5- and 10-
year survivals of 78% and 78%, while the 5- and 
10-year survivals of those undergoing incomplete 
resection were 43.7% and 24.3%, respectively. 
Among the 26 patients in whom resection was 
incomplete, adequate resection of involved airway 
was not possible in 18 patients. No mention of 
symptom palliation was noted in this study. The 
authors demonstrated that complete resection 
enables improved overall survival, but notably, 
long-term survival can be achieved in those 
patients with incomplete resections.

To determine the effects of the extent of tra-
cheal resection in patients with invasive thyroid 
carcinoma, Ozaki and colleagues8 histologically 
examined specimens from 21 circumferential 
sleeve resections of involved trachea. Five speci-
mens in cross-sectional analysis had more exten-
sive mucosal than adventitial involvement. In 
these fi ve cases, once the tracheal rings were 
invaded and tumor reached the submucosal 
space, growth continued circumferentially 
beyond what was appreciated from the adventi-
tial surface. Therefore, residual tumor may be left 
behind when performing partial wedge resec-
tions of the airway based on involvement of the 
tracheal adventitia. No patients developed a local 
recurrence during long-term follow-up. The 
authors propose that when technically feasible, 
circumferential tracheal sleeve resections should 
be performed for thyroid cancers with airway 
involvement.

In 1997, Czaja and McCaffrey retrospectively 
reviewed their experience with 124 patients surgi-
cally managed on the basis of depth of malignant 
invasion of the airway.9 Comparison of survival 
rates was made between patients who underwent 
either complete tumor removal (n = 34), shave 
excision (n = 75), or incomplete resection with 
tracheotomy to relieve airway obstruction (n = 
15). The complete tumor removal group included 
a wide array of surgical procedures: total or partial 
laryngectomy, tracheal resection with primary 
anastomosis, or tracheal window resection. Shave 
excision included thyroid resections where (1) the 

tumor was fi rmly attached to a wall of the areodi-
gestive tract, (2) a portion of the tracheal wall was 
resected, with no gross residual disease remain-
ing, and (3) microscopic margins were presumed 
positive. Adjuvant therapy, although not explic-
itly described, was administered to these patients 
postoperatively. In this series, survival rates of 
patients who underwent shave excision were not 
statistically different from those who underwent 
complete resection. When patients who under-
went complete excision and shave excision were 
compared with those who underwent incomplete 
excision, there was a signifi cant decrease in sur-
vival seen in the incomplete resection group. The 
authors therefore concluded that shaving the 
tumor off of the trachea is a viable option to treat 
tumors with minimal invasion.

Nishida and associates10 reviewed their results 
treating 117 patients with differentiated thyroid 
carcinoma invading adjacent structures. Airway 
involvement was present in 69 patients who were 
managed based on the extent of laryngotracheal 
involvement. Deep invasion was defi ned as that 
existing through the cartilaginous layer. Fifty-
four patients presented with deep tracheal inva-
sion and 15 had superfi cial involvement. Patients 
with deep tracheal invasion were offered con-
comitant airway resection at the time of thyroid-
ectomy. Forty patients consented to airway 
resection, while 14 did not. These latter 14 patients 
underwent thyroidectomy with no airway resec-
tion, leaving macroscopic tumor in the trachea. 
The mean overall survival was 8.7 ± 1.1 years for 
the concomitant airway resection group versus 
1.5 ± 0.4 years for the thyroidectomy-only group. 
Thirteen of 15 patients whose tumors were fi rmly 
adherent to or abutting the external perichon-
drium of the trachea were treated with shave pro-
cedures. The patients in this group had similar 
local, regional, and distant recurrences when 
compared to a group of patients with no airway 
involvement, but who had tumors that invaded 
other local structures (n = 48). The mean overall 
survival was 12.9 ± 2.2 years versus 11.9 ± 1.1 
years, respectively, between these two groups. 
Only two patients with superfi cial invasion were 
treated with airway resection. Conclusions 
reached by the authors in this work were that 
patients with deep tracheal invasion should be 
treated by resection of the invaded trachea, while 
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those with limited invasion can be treated 
successfully without concomitant tracheal 
resection.

In another report, McCarty and colleagues11 
treated 40 patients with thyroid carcinoma and 
laryngotracheal involvement. Thirty-fi ve of these 
patients were deemed to have had superfi cial 
invasion and were treated with cartilage shave 
procedures and adjuvant external beam radio-
therapy. The remaining fi ve patients had full-
thickness tracheal wall involvement and were 
treated with airway resection, including tracheal 
sleeve resection (n = 3) and total laryngectomy 
(n = 2). Of the cartilage shave group, 25 patients 
were alive and without evidence of recurrence at 
a mean follow-up of 82 months. Five patients 
developed local recurrences and were managed 
with total laryngectomy (n = 1), tracheal resec-
tion (n = 1), or repeat radiotherapy (n = 3). The 
10-year disease-free and overall survival rates for 
all patients were 47.9% and 83.9%, respectively. 
These authors concluded that a conservative sur-
gical approach to minimally invasive thyroid car-
cinomas with cartilage shave procedures and 
adjuvant radiotherapy is a reasonable treatment 
option.

Grillo and colleagues12,13 in 1986, with an 
update in 1992, reported our experience at the 
Massachusetts General Hospital with 52 patients 
with this disease entity. Resection was not per-
formed in 18 of these patients, mainly because of 
extensive disease. Of the remaining 34 patients 
undergoing surgical management, 27 patients 
were reconstructed and 7 patients underwent 
cervicomediastinal exenteration. Early in the 
experience, 1 of the 27 reconstructed patients had 
a wedge resection of the trachea; the remaining 
26 received cylindrical resections. Ten of the 27 
reconstructions involved laryngotracheal anas-
tomoses. The average length of airway resected 
was 3.5 cm (range, 1.5–7 cm). No patient in this 
series required laryngeal release.

In Grillo’s series, 2 of the 27 patients who had 
airway reconstruction died in the postoperative 
period. One death was due to local necrosis of the 
anastomosis in a patient who had received 48 Gy 
of irradiation 6 years previously. This patient was 
operated on in the time prior to the use of omental 
transfer for vascular augmentation of irradiated 
airways. The second patient expired from com-

plications surrounding a respiratory arrest. 
The morbidity was quite minimal in this series: 
one patient developed anastomotic granulation 
tissue, another had a mild air leak that resolved 
with nonoperative therapy, and one patient had a 
postoperative, unilateral, vocal cord paralysis.

The best results in this series were obtained 
when airway resection and reconstruction were 
performed at the time of thyroidectomy. Patients 
referred promptly for tracheal resection after the 
thyroid carcinoma was shaved off of the trachea 
also achieved prolonged survival, although not as 
long as those resected primarily. Airway recur-
rence developed in only 2 of the 25 survivors 
undergoing airway resection with construction. 
It should also be noted that resection was also 
performed in some patients for palliation or pre-
vention of airway symptoms in the presence 
of slowly growing pulmonary metastases. The 
average survival for the seven patients with 
known pulmonary metastases was 4.2 years, with 
the longest surviving 10.5 years.

Gaissert14 has further updated our experience 
with the surgical treatment of thyroid carcino-
mas with tracheal invasion. This series now 
reports on segmental airway resections in 82 of 
110 patients who presented to the Massachusetts 
General Hospital over a 40-year period of time. 
Of note, 33 patients (40.2%) had prior tracheal 
shave excision. To date, 69 patients have under-
gone resection and reconstruction, with 29 
tracheal and 40 laryngotracheal resections per-
formed. No additional mortalities have occurred 
since Grillo’s report in 1992. Mean follow-up is 
now 5.9 years, with 15-year follow-up complete in 
67% of the patients. In those undergoing airway 
reconstructions, mean survival was 9.5 years and 
10-year survival was 41.7%. Thirteen patients 
received salvage operations: laryngectomy (n = 5) 
or cervical exenteration (n = 8). The mean sur-
vival for this group was 5.8 years with 10-year 
survival being 16.9%. In 37 patients with well-
differentiated carcinomas and complete resec-
tion, mean survival was 13.8 years and 10-year 
survival was 61.8% (Table 49.2). Disease-free sur-
vival was also signifi cantly higher in patients 
with complete resection.

Gaissert also compared outcomes according 
to time of presentation for airway resection. 
Twenty-eight patients presented with recurrent, 
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loco-regional disease late after prior thyroidec-
tomy (delayed presentation), while 11 patients 
were either referred for tracheal resection directly 
after thyroidectomy (n = 8) or underwent airway 
resection (n = 3) at the time of thyroidectomy 
(early presentation). Overall and disease-free 
survivals were signifi cantly longer in the early 
presentation group (Table 49.3). Table 49.4 com-
pares outcomes in patients with differentiated 
carcinoma who underwent concomitant shave 
procedure and subsequent airway resection for 
recurrence (delayed airway resection) to patients 
who underwent airway resection either at the 
time of thyroidectomy or shortly thereafter (early 
airway resection). The mean overall survival was 
13.1 and 17.9 years in the delayed and early resec-
tion groups, respectively. The disease-free sur-
vival was also signifi cantly higher in the early 
resection group when compared to delayed resec-
tion, 14.6 versus 5.1 years, respectively.

49.1.2. Esophageal Cancer Invading 
the Trachea

The fi rst description of combined major airway 
resection in association with esophagectomy for 
esophageal carcinoma was performed by Thomp-
son15 in 1973. Review of the literature for evidence 
of successful tracheal resection for patients 
with esophageal malignancies since that time 
yields only sparse, small series and case reports. 
Martins16 described four patients (3 cervical 
esophageal carcinomas, 1 postcricoid carcinoma) 
who underwent posterior tracheal wall resection 
with en bloc total pharyngolaryngoesophagec-
tomy and gastric transposition. The tracheal 
defect was subsequently reconstructed utilizing 
the serosa of the transposed stomach. Two 
patients suffered from early postoperative death 
unrelated to the gastrotracheal anastomosis and 

TABLE 49.2. Overall and disease-free survival (DFS) in patients undergoing airway resection for invasive, well-differentiated thyroid 
carcinoma.

 Overall Reconstruction Salvage Complete resection 

 (n = 62) (n = 56) (n = 6) Yes (n = 37) No (n = 25)

Mean survival (years) 10.2 10.6 6.1 13.8 5.3
5-year survival (%) 60 63 33 74 39
10-year survival (%) 42 45 17 61 17
15-year survival (%) 25 26 17 44 0
Mean DFS (years) 6.5 7.0 1.7 8.5 2.9
5-year DFS (%) 37 41 0 50 18
10-year DFS (%) 22 25 0 28 14
15-year DFS (%) 19 22 0 28 7

Source: Data from Gaissert et al.14

TABLE 49.3. Overall and disease-free survival (DFS) according to 
time of presentation.

 Delayed presentation Early presentation
 (n = 28) (n = 11)

Mean survival (years) 7.5 17.6
5-year survival (%) 50 89
10-year survival (%) 32 89
15-year survival (%) 26 59
Mean DFS (years) 4.7 14.2
5-year DFS (%) 31 67
10-year DFS (%) 11 67
15-year DFS (%) 11 50

Source: Data from Gaissert et al.14

TABLE 49.4. Overall and disease-free survival (DFS) in patients 
with differentiated thyroid carcinoma who underwent thyro-
idectomy with shave procedure and later airway resection for 
recurrence compared to patients whose airway resection was 
performed with thyroidectomy or shortly thereafter.

 Delayed airway Early airway
 resection (n = 15) resection (n = 11)

Mean time to airway  67 3
  resection (monthsa)
Mean survival (yearsa) 13.1 17.6
20-yeara survival (%) 24 59
Mean DFS (yearsa) 5.1 14.2
20-yeara DFS (%) 0 50

aFrom the date of thyroidectomy.
Source: Data from Gaissert et al.14
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the remaining two patients received palliation 
for 9 and 18 months. No gastrotracheal fi stulae 
developed in this small series. Another potential 
mode of airway reconstruction in this clinical 
scenario involves the use of a free radial forearm 
fl ap to recreate the posterior tracheal wall.17

The largest series of noncylindrical resections 
of the major airways was presented by Matsubara 
and colleagues,18 who reviewed their experience 
with 55 patients whose squamous cell carcinomas 
of the thoracic esophagus involved the trachea or 
main bronchi. This group performed varying 
degrees of partial tracheal wall resections with 
concurrent esophagectomy for the invading 
malignancy. The group of patients that under-
went thick-wall resection had their partial tra-
cheal wall defects repaired with either a latissimus 
dorsi or intercostal muscle fl ap. The overall in-
hospital mortality was signifi cant, with 10 deaths 
in these 55 patients (18%). The 1- and 2-year sur-
vival after esophagectomy was 44% and 25%, 
respectively. Improved survival was observed in 
those not having viable carcinoma at the surgical 
margin after preoperative therapy.

In patients with esophageal malignancies, the 
appearance of an esophagorespiratory fi stula is a 
serious complication with a dismal prognosis. If 
left untreated, these fi stulae will lead to contin-
ued airway contamination, which frequently 
result in pulmonary sepsis and death. To address 
this problem, several palliative treatment modal-
ities have been utilized to minimize tracheobron-
chial soilage. These techniques include esophageal 
and airway stenting, esophageal exclusion or 
bypass, and fi stula resection, to name a few. Burt 
and colleagues19 found a median survival of 5 
weeks in 207 patients with esophagorespiratory 
fi stulae receiving all modes of treatment. As 
would be expected with this bleak prognosis, 
no patients in this series were treated with com-
bined esophageal and airway resection and 
reconstruction.

49.2. Clinical Practice Based on 
Published Data

It is worth noting that the authors of each of the 
studies described all have a relatively strong bias 
towards one approach. For example, some insti-

tutions performed segmental resections of the 
airway for locally invasive thyroid carcinomas, 
whereas others feel less invasive techniques can 
adequately address this problem. Institutional 
experience in these procedures will therefore 
infl uence outcomes in the surgical treatment of 
these processes. We, for example, have developed 
a strong interest in disease processes of the 
airway. Hence, airway resection and reconstruc-
tion is an endeavor we feel fairly comfortable 
with and our morbidity and mortality with this 
procedure remains relatively low. Accordingly, 
we treat well-differentiated thyroid carcinomas 
that invade the airway with segmental resections 
of the larynx and trachea.

It is therefore quite diffi cult to compare clini-
cal series addressing the most effective surgical 
treatment for locally invasive thyroid malignan-
cies and arrive at a consensus opinion. The litera-
ture to date evaluating tracheal resection to 
address invasion by thyroid carcinoma consists 
entirely of uncontrolled case reports and case 
series. The relative infrequency of these clinical 
situations plays a major role in the paucity of 
studies available to analyze and make subsequent 
treatment recommendations. An argument can 
be made to approach these lesions with partial 
airway wall resections, as proposed by some 
experts; an equally effective treatment strategy is 
to perform cylindrical airway resections with 
reconstruction (level of evidence 4; recommen-
dation grade C). Regardless of the actual surgical 
technique employed, one certain conclusion is 
that this clinical scenario is best remedied by a 
surgical approach.

Thyroid carcinoma invading the trachea 
may be approached with partial airway wall 
resection or by cylindrical airway resection 
with reconstruction; the outcomes of these 
approaches are similar (level of evidence 4; 
recommendation grade C).

It is even more diffi cult to arrive at a consensus 
statement with regards to the optimal surgical 
treatment strategy for addressing airway inva-
sion by esophageal carcinomas due to the signifi -
cant lack of data available in the world’s literature. 
Due to the considerable mortality associated with 
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even partial wall airway resection and concur-
rent esophagectomy in Matsubara’s experience,18 
there is insuffi cient evidence to make a specifi c 
treatment recommendation for this dismal clini-
cal dilemma.

esophageal carcinomas with direct airway inva-
sion. Generally, the extent of airway involvement 
is often of signifi cant length to prohibit recon-
structive techniques. Also, the airway anastomo-
sis is at great risk for ischemia and necrosis 
because the blood supply to the trachea is signifi -
cantly affected by adjacent esophagectomy. 
Segmental tracheal vascular branches are often 
disrupted by esophagectomy. Matsubara18 
attempted to circumvent this high risk of anasto-
motic complications by performing partial tra-
cheal wall resections with muscle fl ap repair. 
This is one option to this diffi cult anatomical 
dilemma, but the limited prognosis for these 
patients does not warrant aggressive surgical 
therapy in most cases. The dismal life expectancy 
in patients with esophagorespiratory fi stulae also 
impacts the techniques employed to provide 
palliation. We feel that fi stula resection with 
concomitant airway reconstruction is rarely 
warranted in these patients. More appropriate 
palliative techniques include esophageal and 
airway stents whose description is beyond the 
scope of this chapter.
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50
Pleural Sclerosis for Malignant Pleural 
Effusion: Optimal Sclerosing Agent
Zane T. Hammoud and Kenneth A. Kesler

egy to achieve pleurodesis. If there is evidence to 
support the superiority of one strategy over other 
strategies, then it may be possible to achieve stan-
dardization of the treatment of symptomatic 
malignant pleural effusions. The aim of this 
chapter is to determine the optimal sclerosing 
agent as well as to determine the optimal tech-
nique to achieve successful pleurodesis in the 
palliative treatment of symptomatic malignant 
pleural effusions based on current evidence.

50.1. Sclerosing Agents

50.1.1. Talc

Talc is considered to be one of the most success-
ful sclerosing agents that achieves pleurodesis. 
A recent survey of pulmonologists from fi ve 
English-speaking countries found talc to be the 
sclerosing agent of choice in 68% of respondents.2 
Talc is a soft anhydrous compound mainly com-
posed of magnesium silicate and contains parti-
cles of varying size. Talc can be aerosolized into 
the pleural space as a powder or instilled as a 
slurry. While the precise mechanism by which 
talc induces pleural sclerosis is unclear, there is 
evidence to suggest that basic fi broblast growth 
factor plays an important role in this process.3

50.1.2. Bleomycin

Bleomycin is an anti-neoplastic antibiotic used to 
treat head and neck, cervical, and germ cell 
malignancies. As an anti-neoplastic agent, bleo-
mycin has well-known pulmonary and cutaneous 

Malignant pleural effusions are frequent sequelae 
of metastatic cancer. Approximately half of all 
patients with metastatic cancer will develop a 
pleural effusion, with lung and breast cancer 
accounting for 75% of cases.1 The development of 
a malignant pleural effusion often leads to symp-
toms, such as dyspnea and cough, which signifi -
cantly reduce the quality of life. Unfortunately, 
most malignant effusions do not respond to sys-
temic therapy, thereby necessitating other forms 
of treatment when symptomatic. Currently the 
main options for the palliative treatment of 
symptomatic malignant pleural effusion include 
repeated thoracenteses, placement of indwelling 
pleural catheters, and pleurodesis. Repeated tho-
racenteses and indwelling pleural catheters are 
reasonable options for patients with very short 
life expectancies. Over time, repeated thoracen-
teses are inconvenient and the patient must 
tolerate recurrent symptoms as the fl uid re-
accumulates. Indwelling pleural catheters mini-
mize the recurrence of symptoms but can be 
burdensome to patients.

Pleurodesis is a treatment with the goal of pro-
ducing fi brosis between the visceral and parietal 
pleura, thereby obliterating the pleural space. 
If successful, pleurodesis prevents the re-
accumulation of the effusion with permanent 
relief of symptoms. A variety of techniques have 
been used to achieve pleurodesis. Most com-
monly, a chemical sclerosant is instilled into the 
pleural space during thoracoscopy or through an 
indwelling tube thoracostomy. A number of pro-
spective and retrospective clinical studies have 
been undertaken to determine the optimal strat-
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toxicities, which limits total intravenous dosage. 
Bleomycin has been successfully utilized as a 
pleural sclerosing agent for many years.

50.1.3. Tetracycline (Doxycycline)

Tetracycline is a broad spectrum antibiotic 
derived from Streptomyces. The parenteral form 
of the drug is no longer commercially available 
in United States, thereby precluding its use as a 
sclerosing agent. Doxycycline, a close pharmaco-
logical relative, has been used as an alternative 
agent with similar effi cacy.

50.1.4. Other Agents

Silver nitrate was one of the fi rst agents described 
for pleural sclerosis, abandoned for unclear 
reasons. There are recent reports of silver nitrate 
being reintroduced as a sclerosing agent.4 Pas-
choalini and colleagues, in a prospective, ran-
domized trial, found 0.5% silver nitrate to be at 
least equally effi cacious to talc slurry for produc-
ing a pleurodesis.5 OK-432 is a preparation of 
Streptococcus pyogenes that is widely used for 
pleural sclerosis in Japan, where talc is not com-
mercially available.6 Mitoxantrone is a synthetic 
anti-neoplastic drug that has been used for 
pleural sclerosis in patients with malignant effu-
sion secondary to ovarian cancer.7 Other rarely 
employed agents include interferon α and 
quinacrine.4,8

50.2. Choice of Sclerosing Agent

Chemical sclerosing agents have been the subject 
of many reports. The agents most frequently 
studied have been talc, either in powder or slurry 
form, bleomycin, and tetracycline or tetracycline 
derivatives. In a prospective, randomized trial 
involving 29 patients, Zimmer and colleagues9 
reported no statistically signifi cant difference in 
the control of malignant effusions between talc 
slurry and bleomycin. At a mean follow-up of 1.7 
months, control of effusion, defi ned as no evi-
dence of fl uid re-accumulation by routine chest 
radiograph, was achieved in 79% of patients 
receiving bleomycin and in 90% of those receiv-
ing talc. These authors concluded that talc, in 

slurry form, is the agent of choice, due only to a 
signifi cant cost advantage over bleomycin. Diacon 
and colleagues10 reported the results of a prospec-
tive, randomized trial comparing talc aerosol-
ized under thoracoscopic guidance versus 
bleomycin instillation. In this study involving 31 
patients, talc was superior with respect to reduc-
ing the recurrent effusion rates. After 180 days, 
65% of patients who underwent pleurodesis with 
bleomycin recurred compared to only 13% of 
patients who received talc. After a preliminary 
interval of 30 days the two agents had similar 
effi cacy however. Haddad and coworkers11 found 
no signifi cant difference in success rate between 
talc slurry and bleomycin instilled through an 
indwelling chest catheter in a prospective, ran-
domized trial of 71 patients after a median follow-
up of 2.5 months. These authors also however 
recommend the use of talc slurry on the basis of 
lower costs.

Tetracycline, and its derivative doxycycline, 
has been compared to other sclerosing agents. 
Martinez-Moragon and colleagues12 reported no 
difference in successful pleurodesis between tet-
racycline and bleomycin in a randomized, con-
trolled trial of 62 patients with malignant pleural 
effusion. In a prospective, randomized trial of 
bleomycin versus doxycycline for pleurodesis, 
Patz and coworkers13 found no signifi cant differ-
ence in effi cacy between the two agents in a total 
of 58 evaluable patients after 30 days of follow-up. 
Hartman and associates14 reported their results 
of aerosolized talc under thoracoscopic guidance 
compared with historical controls treated with 
either tetracycline or bleomycin. These authors 
found talc to be superior to the other two agents 
for control of malignant pleural effusions.

A recently published Cochrane Database 
review attempted to establish the optimal scle-
rosing agent as well as the optimal technique to 
accomplish pleurodesis in the treatment of malig-
nant pleural effusion.15 This review encompassed 
a total of 36 randomized, controlled trials, which 
enrolled 1499 patients. In 10 trials, comprising 
308 patients, talc was compared to other agents. 
Overall, talc was found to be the more effective 
sclerosing agent, with a relative risk to achieve 
successful pleurodesis of 1.34 [95% confi dence 
interval (95% CI), 1.16–1.55). Five of these 10 
trials compared talc to bleomycin, with a relative 



50. Pleural Sclerosis for Malignant Pleural Effusion: Optimal Sclerosing Agent 411

risk of 1.23 (95% CI, 1.00–1.50) favoring talc. 
Three of the trials studied talc and tetracycline 
or doxycycline, which again favored talc at a rela-
tive risk for success of 1.32 (95% CI, 1.01–1.72). 
Bleomycin was evaluated against other sclerosing 
agents in a total of 18 trials comprising 718 
patients. There was no overall benefi t of utilizing 
bleomycin compared to any other agent. Specifi -
cally, bleomycin was compared to tetracycline or 
doxycycline in eight trials, with the relative risk 
for successful pleurodesis of 1.03 (95% CI, 0.89–
1.20). Tetracycline or doxycycline was compared 
to several other agents in 18 trials. The relative 
risk of successful pleurodesis was 0.98 (95% CI, 
0.88–1.09), suggesting that tetracycline or its 
derivative were also not superior to any other 
agents studied.

Although talc has been shown to be an effec-
tive sclerosing agent, concern has been raised 
regarding safety. Reports of respiratory failure 
secondary to adult respiratory distress syndrome 
after talc administration have led some authors 
to voice caution.16–18 The exact incidence of this 
complication is unknown but appears to be 
uncommon, with most reports citing rates below 
3%. There is also evidence to suggest that the risk 
of pulmonary complications is dose related (>5 g) 
and related to smaller talc particles (<15 µm).19 
Long-term side effects20 are not relevant to the 
vast majority of patients with malignant pleural 
effusion and limited life expectancy.

50.3. Technique of Pleurodesis

The Cochrane Database review also attempted to 
determine the optimal technique of achieving 
pleurodesis by analyzing studies that compared 
delivery of a sclerosing agent during operative 
thoracoscopy to bedside instillation through an 
indwelling thoracostomy tube. Overall, a total of 
fi ve studies were included. The relative risk of 
successful pleurodesis favored thoracoscopic 
delivery, with a ratio of 1.68 (95% CI, 1.35–2.10). 
Of these fi ve studies, two, with a total of 112 
patients, used talc in both arms. The pooled esti-
mate of these two studies favored talc aerosolized 
under thoracoscopic guidance with a success 
ratio of 1.19 (95% CI, 1.04–1.36). Moreover, there 
was no difference in mortality or morbidity 

between thoracoscopic and bedside talc 
pleurodesis.

A multi-institutional cooperative trial led by 
the Cancer and Leukemia Group B (CALGB) ran-
domized 501 patients with malignant pleural 
effusion to receive talc aerosolized under thora-
coscopic guidance or talc slurry instilled at 
bedside through a thoracostomy tube.16 In this 
large trial, there was no statistical difference in 
the rate of successful pleurodesis between the 
two treatment approaches at 30 days. In subset 
analysis however, the thoracoscopic approach 
was signifi cantly favored in the group of patients 
who demonstrated >90% lung re-expansion as 
well as patients with effusions secondary to breast 
or lung cancer. Among patients who were avail-
able for 30-day follow-up and who had >90% 
lung re-expansion, the thoracoscopic approach 
achieved successful pleurodesis in 82% while talc 
slurry achieved successful pleurodesis in only 
67% (p = 0.02). A report by Yim and colleagues21 
randomized 57 patients with good performance 
status and symptomatic malignant pleural effu-
sions to thoracoscopic talc insuffl ation versus 
talc slurry instilled through tube thoracostomy. 
This study found no statistical difference in the 
rate of recurrent effusion at a mean follow-up of 
10 months, with recurrence in 1 of 28 patients 
after thoracoscopy and in 3 of 29 patients after 
talc slurry.

Viallat and coworkers22 reported on their expe-
rience with thoracoscopic talc insuffl ation in a 
review of 360 cases. Of the 327 patients who could 
be assessed at 1 month, 90.2% had successful 
pleurodesis. Furthermore, 265 of these patients 
were followed up to 12 months. In this group of 
patients with longer follow-up 82.1% continued 
to demonstrate no evidence of recurrent effusion. 
Although no other agent or technique was 
studied, these authors recommended thoraco-
scopic insuffl ation over talc slurry on the basis of 
the excellent long-term results achieved in their 
series. In another large single-institution series 
of patients undergoing thoracoscopic talc instil-
lation, Cardillo and colleagues23 reported suc-
cessful pleurodesis in 92.7% of patients available 
for long-term follow-up. The total number of 
patients in this study was 690, 611 of whom had 
a malignant effusion. These authors also recom-
mended the thoracoscopic approach due to 
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effi cacy and safety. Level of evidence 1 studies for 
pleurodesis strategy in the treatment of malig-
nant pleural effusions are given in Table 50.1. 
Table 50.2 lists studies with other levels of 
evidence.

50.4. Conclusions

Based on current evidence, talc is the sclerosing 
agent of choice for the treatment of symptomatic 
malignant pleural effusion (level of evidence 1; 
recommendation grade A). Talc is widely avail-
able, inexpensive, and highly effective. There 
have, however, been pulmonary complications 
reported including deaths secondary to respira-
tory failure. Such toxicity appears uncommon 
and possibly can be avoided by using talc doses 
under 5 g and talc preparations with large parti-
cle size.

adhesions, resulting in maximal lung re-
expansion. Under thoracoscopic guidance, talc 
can be evenly distributed over the entire visceral 
and parietal pleural surfaces. These features of 
thoracoscopy can only serve to increase the 
chance of successful pleurodesis and are diffi cult 
if not impossible to duplicate by other methods. 
Therefore, a patient with the diagnosis of a malig-
nant pleural effusion who is deemed a candidate 
for pleurodesis should be offered thoracoscopic 
insuffl ation of talc to optimize the likelihood of 
achieving durable symptomatic relief (level of 
evidence 1; recommendation grade A). 

TABLE 50.1. Selected reports with level of evidence 1.

  Level of
Author Comparison evidence

Shaw15 Various agents 1a
Martinez-Moragon12 Tetracycline vs. bleomycin 1b
Haddad11 Talc vs. bleomycin 1b
Diacon10 Talc vs. bleomycin 1b
Zimmer9 Talc vs. bleomycin 1b
Patz13 Bleomycin vs. doxycycline 1b
Yim21 VATS vs. talc slurry  1b
Dresler16 VATS vs. talc slurry  1b
Paschoalini5 Silver nitrate vs. talc 1b

Source: Oxford Centre for Evidence-based Medicine Levels of Evidence 
(May 2001).

TABLE 50.2. Selected reports with other levels of evidence.

  Level of Recommendation
Author Subject evidence grade

Hartmann14 VATS talc vs. 4 C
   tetracycline/
   bleomycin
Brega-Massone24 Chemical  4 C
   pleurodesis
Viallat22 VATS talc 4 C
Dikensoy4 Pleurodesis agents 2a B

Source: Oxford Centre for Evidence-based Medicine Levels of Evidence 
(May 2001).

Talc is the sclerosing agent of choice for the 
treatment of symptomatic malignant pleural 
effusion (level of evidence 1; recommendation 
grade A).

A patient with a malignant pleural effusion 
who is deemed a candidate for pleurodesis 
should be offered thoracoscopic insuffl ation 
of talc to optimize the likelihood of achieving 
durable symptomatic relief (level of evidence 
1; recommendation grade A).
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Management of Malignant Pleural Effusion: 
Sclerosis or Chronic Tube Drainage
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nated as having failed; the patient was then 
treated with the best available remaining 
therapy.

An alternative paradigm is a patient-centered 
treatment that focuses on relief of the patient’s 
symptoms of dyspnea and restoration of more 
normal function. Relief of dyspnea by repeated 
drainage using a chronic indwelling catheter 
could accomplish these goals on an outpatient 
basis, thereby eliminating hospitalization. This 
chronic indwelling pleural catheter would relieve 
dyspnea by consistently achieving fl uid removal 
and allowing the underlying subclinical pleural 
infl ammation to achieve pleurodesis. Once the 
catheter ceases to drain fl uid, it may be 
removed.

The optimal choice of therapy can sometimes 
be identifi ed by grading current evidence on the 
topic and using this evidence to provide objective 
support for recommendations.8 Using these tech-
niques, guidelines for the management of pleural 
diseases have been established by professional 
organizations.6,7

51.1. Therapeutic Overview

Treatment options for MPE are varied and often 
tailored to the clinician’s specialty and expertise, 
the patient’s physical performance status, hospi-
talization status, and individual desires. Treat-
ment options include thoracentesis or repeat 
thoracentesis; tube thoracostomy with drainage 
and sclerosis with talc, bleomycin, or other mate-
rial; or thoracoscopy with drainage and talc 

Numerous benign, infectious, and malignant 
diseases lead to recurrent pleural effusions.1,2 
Patients with cancer often develop current malig-
nant pleural effusions secondary to their under-
lying disease. These malignant pleural effusions 
(MPE) frequently cause dyspnea and functional 
impairment. After other causes of dyspnea have 
been excluded, drainage of the MPE by simple 
thoracentesis can improve dyspnea and assist 
in improving ambulation and general activities. 
Malignant pleural effusion often recurs, chal-
lenging the physician, the patient, and the 
patient’s family in balancing the benefi ts of 
symptomatic improvement with the risk and 
inconvenience of therapy. In addition, most 
patients with MPE will have a median life expect-
ance of 90 days (range, 3–9 months) depending 
upon the histological subtype of the primary 
tumor.3–5

Treatment for patients with initial or recurrent 
MPE should focus on relief of symptoms of 
dyspnea and restoration of normal activity.6,7 
Traditionally, pleurodesis (e.g., visceral and pari-
etal pleural symphysis with obliteration of the 
pleural space) has been achieved by in-hospital 
drainage of the effusion by tube thoracostomy 
(chest tube) or thoracoscopy followed by sclerosis 
with talc or other agents. Pleurodesis is necessary 
prior to removal of the chest tube and discharge 
home. Once hospitalized for treatment of MPE, 
other interventions may occur that could affect 
quality of life. A signifi cant portion of anticipated 
future survival time could be spent inside the 
hospital. If pleurodesis cannot be achieved or if 
the fl uid recurs, the treatment was then desig-
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insuffl ation.9 Alternatives to pleurodesis include 
chronic dwelling pleural catheter (Pleurx®, Denver 
Biomedical, Inc., Golden, CO)5 and pleuro-
peritoneal shunt.10,11

All treatment options include one or more of 
the following items:

• Drainage of the pleural space.
• Apposition of the visceral and pleural surfaces 

with complete expansion of the lung (usually).
• Dispersion of a sclerosing agent throughout the 

pleural space.
• Maintenance of the pleural apposition until 

chemical or infl ammatory pleuritis occurs.
• Obliteration of the pleural surface, for example, 

pleurodesis.

51.2. Diagnostic/Therapeutic 
Thoracentesis

Complete drainage of the effusion (to dryness) 
should be performed to assess the degree in 
which the MPE is causing the dyspnea, and 
the completeness of lung expansion, and for diag-
nosis. This process will provide physical relief 
and a determination of whether the pleural 
fl uid was the mechanical cause of the patient’s 
dyspnea, or other symptoms. In a small percent-
age of patients, the symptoms may be related to 
underlying pleural disease and not to the effu-
sion (e.g., mesothelioma or other chronic pleural 
disease).

Complications of thoracentesis or pleural 
biopsy include pneumothorax, bleeding, hypo-
tension (vasovagal related), re-expansion pulmo-
nary edema, or infection. Symptoms related to 
thoracentesis include paroxysmal cough (from 
rapid expansion of alveoli in the previously 
defl ated lung), and pain at the visceral and pari-
etal membranes make initial contact. The pain 
may commonly occur in the shoulder or upper 
back. This technique may provide relief for 
several weeks before recurrence.

Outpatient serial thoracentesis may be consid-
ered although the inconsistent application and 
drainage may result in loculations and further 
physical embarrassment to the patient. The 
pleural effusions can re-accumulate rapidly. 
After diagnostic and therapeutic thoracentesis, 

the patient should have follow-up for recurrent 
symptoms develop. If the pleural effusion recurs, 
the patient may be treated in a more defi nitive 
manner.

51.3. Drainage Volume

The amount of fl uid drained during thoracentesis 
should be suffi cient to obtain a diagnosis, relieve 
symptoms of dyspnea, and to avoid re-expansion 
pulmonary edema or pneumothorax. General 
guidelines have suggested that no more than 
1500 mL be removed from one hemithorax during 
a single procedure. However, this arbitrary 
number does not consider the individual patient’s 
height and weight. As a general rule, the surgeon 
may consider it appropriate to drain up to 20 mL 
pleural fl uid per kilogram body weight as an 
initial volume.

51.4. Small Bore Catheters 
and Sclerosis

Various temporary and semi-permanent cathe-
ters have been used to palliate symptoms of 
dyspnea (level of evidence 3).12–14 Simple small-
bore drainage catheters (10F–14F) have been used 
effectively. Gravity drainage of the pleural fl uid 
can be accomplished and pleurodesis achieved 
with several agents. In one study, small-bore 
catheters yielded outcomes equivalent to patients 
receiving chest tube after diagnostic thoracos-
copy, and in addition were more comfortable 
(level of evidence 1b).15 Additional small studies 
have been performed with early success using 
bleomycin or talc sclerotherapy.16–19

Small-bore catheters with drainage can allow 
for more rapid pleurodesis using oxytetracycline 
or bleomycin compared to a more traditional 
drainage and subsequent sclerosis20 (level of evi-
dence 2a). A shorter hospital stay results, and the 
response at 1 to 6 months after pleurodesis was 
equivalent between the two groups (level of evi-
dence 2a).21 An earlier randomized trial also 
noted that pleurodesis following rapid drainage 
(median chest tube duration, 2 days) was equiva-
lent to pleurodesis performed after drainage was 
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less than 150 mL/day (median chest tube dura-
tion, 7 days). The recommended approach would 
be the one which would minimize hospitaliza-
tion.22 In summary, drainage of MPE using small 
bore catheter drainage and rapid pleurodesis 
achieves results similar to prolonged drainage 
prior to pleurodesis (level of evidence 1b to 3; 
recommendation grade B). 

may cause adverse reactions such as microemboli 
and granulomatous tissue reactions.26 Although 
many agents have been evaluated for pleurodesis, 
talc is the most common agent used today. It is 
generally considered the most effective agent for 
pleurodesis. A systematic review through 199227 

and another organized review28 confi rmed the 
clinical and cost effectiveness of talc (level of evi-
dence 1a; recommendation grade A). Talc has 
been studied in comparison with tetracycline 
and bleomycin. Tetracycline is no longer on the 
market and has been replaced with doxycycline. 
Talc has been found to be the better agent when-
ever compared with an alternative sclerosing 
agent and is much cheaper (level of evidence level 
1b).29–31

More recent studies suggest that both thoraco-
scopic pleurodesis (in the operating room) 
and bedside instillation of talc slurry were equiv-
alent in effectiveness (level of evidence level 1b; 
recommendation grade A).32 Bedside drainage 
and talc slurry installation provide good resolu-
tion of symptoms, and are a cost-effective solu-
tion to the expensive alternatives of general 
anesthesia, thoracoscopy or thoracotomy, and 
inpatient hospitalization (level of evidence 
level 3).16 

Drainage of MPE using small bore catheter 
drainage and rapid pleurodesis achieves 
results similar to prolonged drainage prior to 
pleurodesis (level of evidence 1b to 3; recom-
mendation grade B).

51.5. Pleurodesis/Sclerosis

Pleurodesis: [pleuro + Greek desis, binding together 
(from dein, to bind).]

Pleurodesis is generally considered standard 
treatment for recurrent MPE. Many agents have 
been used with variable success. Additional 
factors that impact on the success of pleurodesis 
include initial drainage time, chest drain diame-
ter, management of the chest drain (suction, no 
suction), etc. Pleurodesis is performed to infl ame 
the visceral and parietal pleura, and to fuse the 
pleura together obliterating the potential pleural 
space. A sclerosing agent instilled within the ipsi-
lateral thorax induces an infl ammatory reaction. 
With pleurodesis, the pleural fl uid cannot accu-
mulate, or compress the functioning lung or (at 
the extreme) the mediastinum.23

51.5.1. Sclerosing Agents

Almost all sclerosing agents can produce fever, 
tachycardia, chest pain, and nausea.24 As scleros-
ing agents may cause pain (talc, doxycycline, tet-
racycline, etc.), the patient should be premedicated 
with pain medication (usually narcotics) prior to 
instillation of the sclerosing agent.

Talc is a common, inexpensive, and effective 
sclerosing agent.25 With complete expansion of 
the lung and apposition of the visceral and pari-
etal pleura, pleural symphysis can occur. Talc 

Talc is the agent of choice for pleurodesis (level 
of evidence 1a to 1b; recommendation grade 
A).

Bedside instillations of talc slurry and tho-
racoscopic talc insuffl ation in the operating 
room have similar effectiveness (level of evi-
dence 1b; recommendation grade A). 

51.5.2. Talc Instillation

Various techniques are used to instill talc within 
the pleural cavity. Three randomized, controlled 
trials have evaluated video-assisted thoracic 
surgery (VATS) with talc insuffl ation and bedside 
chest tube with installation of talc slurry, and the 
results suggested that either method was effec-
tive.32–34 Talc slurry is commonly used following 
placement of a chest tube at the bedside. One 
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study suggested fewer recurrences in patients 
with talc insuffl ation33 following talc insuffl ation, 
but no such difference was noted in the other two 
studies in which bedside application of talc slurry 
appeared to be more effective. An additional 
benefi t of thoracoscopy is that tissue diagnosis, 
pleural biopsy, printable biopsy, breakdown of 
adhesions, etc., can be achieved. If a tissue diag-
nosis has been obtained, bedside drainage and 
instillation of talc slurry appears to be a clinically 
effective and cost-effective method of achieving 
pleurodesis.

Although the bedside application of talc slurry 
can be easily done, the distribution of this talc 
slurry may not be completely uniform. Two ran-
domized, controlled studies identifi ed that physi-
cal maneuvers of turning the patient for various 
periods of time in various positions (typically 
lateral decubitus, prone, opposite lateral decubi-
tus, supine) do not enhance distribution of 
agents.35,36 These two radiographic studies used 
a  -labeled suspension and demonstrated no 
improvement in distribution or outcome with 
rotation (level of evidence 1b; recommendation 
grade A). 

tory failure was noted in 4% of patients undergo-
ing bedside instillation of talc slurry compared 
to 8% in patients undergoing thoracoscopic talc 
insuffl ation.32 Respiratory problems have been 
noted in a small fraction of patients in other 
studies.39

51.5.4. Alternatives to Talc

Tetracycline has been commonly used in the past 
in association with tube thoracostomy.40 Instilla-
tion of the tetracycline solution provides a faster 
pleurodesis and pleural symphysis than chest 
tube drainage alone; however, it may cause sig-
nifi cant pain. Doxycycline is an available alterna-
tive to tetracycline and is felt to have roughly 
equal effectiveness.4,41,42 Bleomycin (60 units) has 
been shown useful and may be of equivalent 
effectiveness to tetracycline; however, it is expen-
sive and can have systemic toxicity.43,44 Talc was 
shown to be much cheaper than bleomycin in one 
study: $12 for talc compared to almost $1000 for 
bleomycin.38 Talc was recommended as the fi rst 
choice in two small randomized studies evaluat-
ing alternatives to talc including silver nitrate45 
and quinaquin.30

51.6. Thoracoscopy and Sclerosis

Thoracoscopy may also be considered as a means 
for obtaining pleural sclerosis in the manage-
ment of MPE. After drainage and biopsy, the scle-
rosing agent is placed under direct visualization 
onto the pleural surface. Complications with this 
procedure include requirements for intubation 
and general anesthesia, and a small risk for bleed-
ing and infection. A pneumothorax is uniformly 
present and requires a chest tube for a short time 
after the procedure. Proponents of this procedure 
believe the sclerosing agent can be more effi -
ciently applied to the pleura. However, there are 
no studies showing one method to be superior 
to the other. Several agents can be used for 
pleurodesis, including talc, bleomycin, and 
doxycycline.46,47

Surgical techniques, such as thoracoscopy, 
drainage, and talc poudrage, may not carry any 

Rotation of the patient’s body to enhance dis-
persal of the sclerosing agent it not recom-
mended (level of evidence 1b; recommendation 
grade B).

51.5.3. Talc Dose

Talc administered as slurry through a chest tube 
or pleural catheter may be as effective as direct 
insuffl ation of talc via thoracoscopy.37,38 Typi-
cally, a slurry of 5 g in a solution of 50 to 100 mL 
saline (with or without lidocaine) is instilled.39 
Single institutional studies suggest that either 5 g 
or 2 g of talc can be used with similar results. 
There may be relationship between the size of talc 
particles or specifi c contaminants and complica-
tions of talc use. In addition, a higher incidence 
of respiratory failure in may be related to the use 
of 10 g of talc. Complications of talc sclerosis for 
MPE must be considered. In one study, respira-
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objective advantages over simple drainage and 
instillation of talc slurry. Mechanical abrasion 
of the parietal pleura using gauze, or other 
techniques (such as laser or argon beam coagula-
tor) can be applied by thoracoscopic or open 
techniques. One single-institution study noted 
that mechanical pleurodesis (abrasion of the 
parietal pleura under thoracoscopic guidance) 
appeared to be more effective (less complica-
tions, shorter hospitalization) than talc pleurode-
sis.48 Pleurectomy carries excessive risk of 
mortality and cannot be generally recommended. 
Unintended benefi ts of a thoracoscopic approach 
include inspection of the pleura, lysis/division 
of adhesions, and obliteration of loculations. 
Directed or random pleural biopsy should also 
be considered. Thoracoscopy has high accuracy 
in diagnosis of pleural disease, greater than 
90%.49

In patients in whom a diagnosis must be 
obtained for treatment considerations, drainage, 
multiple pleural biopsies, and treatment may all 
be performed under a single anesthetic. Surgical 
exploration or thoracoscopy in most patients 
carries risk of anesthesia and thoracic manipula-
tion. Thoracoscopy or open exploration is war-
ranted only in highly selected patients. The value 
of this technique to the end-stage patient may be 
very limited and more simple strategies may be 
considered.

51.7. Tube Drainage and 
Sclerosis Versus Thoracoscopy 
and Sclerosis

A recent prospective, randomized trial was per-
formed by cancer and leukemia group B (CALGB) 
to evaluate the effi cacy, safety, and instillation 
technique for talc for pleurodesis for treatment of 
MPE.32 The trial evaluated 501 patients who were 
randomized to thoracoscopy with talc insuffl a-
tion talc poudrage (TTI, n = 242) or thoracostomy 
and talc slurry (TS, n = 240). The primary end 
point was 30-day freedom from radiographic 
MPE recurrence among surviving patients whose 
lungs initially re-expanded more than 90%. Mor-
bidity, mortality, and quality of life were also 
assessed.

Patient demographics and primary malignan-
cies were similar between study arms. A signifi -
cant portion of patients died within 30 days (13% 
TS; 9.4% TTI). In evaluable patients who survived 
at least 30 days, the freedom from recurrence was 
70% (TS) and 79% (TTI), somewhat lower than 
the expected 90% to 100% effectiveness antici-
pated. Overall, there was no difference between 
patients with successful 30-day outcomes based 
upon the instillation technique (TTI, 78%; TS, 
71%). Subgroup analysis suggested that patients 
with primary lung or breast cancer had better 
success with TTI than with TS (82% vs. 67%). 
Treatment-related mortality occurred in nine 
TTI patients and seven TS patients. Common 
morbidity included fever, dyspnea, and pain. 
Respiratory complications were more common 
following TTI than TS (14% vs. 6%) including 
respiratory failure (TS = 4%; TTI = 8%), and 
toxic deaths (TS = 5; TTI = 6). The authors sug-
gested that the etiology and incidence of respira-
tory complications from talc need further 
exploration.

Based on this single study, outcomes of chest 
tube placement and sclerosis and thoracos-
copy with talc insuffl ation for management of 
MPE are similar (level of evidence 1b; recommen-
dation grade B). There may be an advantage to 
performing a thoracoscopy approach in patients 
with MPE related to lung cancer or breast 
cancer. 

Outcomes of chest tube placement and sclero-
sis and thoracoscopy with talc insuffl ation for 
management of MPE are similar (level of evi-
dence 1b; recommendation grade B).

There may be an advantage to performing a 
thoracoscopy approach in patients with MPE 
related to lung cancer or breast cancer.

51.8. Chronic Indwelling 
Pleural Catheter

The Pleurx® catheter (Denver Biomedical Inc.) 
is a chronic indwelling Silastic catheter com-
municating within the pleural space. The patient 
or caregiver connects the catheter to a dispos-
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able vacuum bottle every other day to drain the 
pleural fl uid, provide relief of dyspnea, and 
potentially achieve spontaneous pleurodesis.5,50 
The technique of insertion of a chronic indwell-
ing pleural catheter has been described 
elsewhere.5,9

Between 1994 and 1999, a prospective, multi-
center, randomized clinical trial was conducted 
to compare the effectiveness and safety of an 
indwelling pleural catheter with the effective-
ness and safety of a chest tube and doxycycline 
sclerosis for treatment of cancer patients 
with symptomatic recurrent MPE.5 The anti-
cipated benefi ts of catheter-based treatment 
were outpatient management, improved quality 
of life, reduced medical costs, and improved 
function.

A total of 144 patients were randomly assigned 
to either an indwelling pleural catheter or a chest 
tube and doxycycline sclerosis (talc was not avail-
able at all centers at the time of the study.) Chest 
tubes were placed in a standard fashion. A 
modifi ed Borg scale, the dyspnea component of 
the Guyatt chronic respiratory questionnaire, 
and Karnofsky performance status score were 
assessed and used for making comparisons 
between groups. Outcomes measured included 
control of pleural effusion, length of hospitaliza-
tion, morbidity, and survival.

There was no difference between the two 
groups in initial (pretreatment) performance 
status or initial dyspnea scores. Median survival 
was 90 days in both the chest tube and pleural 
catheter groups. Patients with lung or breast 
cancer had a 90-day survival rate of approxi-
mately 70%; patients with other cancer types (as 
a group) had a 90-day survival rate of less than 
40%. After treatment, both the chest tube and 
pleural catheter groups showed similar signifi -
cant improvements in the Guyatt chronic respira-
tory questionnaire scores and had similar 
morbidity rates. There were no treatment-related 
deaths.

Initial treatment success rates (pleurodesis 
achieved in the chest tube group; drainage of 
effusion and relief of dyspnea in the pleural cath-
eter group) were 64% in the patients treated with 
a chest tube and sclerosis, compared to 92% of 
those treated with a chronic indwelling catheter. 
Seventy percent of patients treated with a pleural 

catheter experienced spontaneous pleurodesis. 
Seventy-one percent of patients with a chest tube 
had pleurodesis, although 28% of these patients 
developed a recurrence of their pleural effusion 
after treatment. The hospitalization was shorter 
in the pleural catheter patients: 1 day versus 6.5 
days. An overnight hospitalization stay was stan-
dard protocol treatment for the patients receiving 
a pleural catheter. On the basis of initial treat-
ment outcomes, both chest tube and sclerosis and 
chronic pleural drainage have similar success 
rates (level of evidence 1b; recommendation 
grade B). Whether there is a signifi cantly higher 
rate of recurrent pleural effusion long term after 
using the chest tube/sclerosis technique remains 
to be seen.

On the basis of the successful multi-institu-
tional experience with indwelling pleural cathe-
ters, an analysis of the results of outpatient 
management of patients with MPE and an 
indwelling pleural catheter was conducted.51 
Hospitalization and early charges between 
patients treated with pleural catheters were com-
pared to those treated with chest tube drainage 
and sclerosis. One hundred consecutive patients 
treated with the pleural catheter (40 inpatients, 
60 outpatients) and 68 consecutive patients 
treated with chest tube drainage and sclerosis (all 
inpatients) were analyzed. Outcomes evaluated 
were control of pleural effusion, length of hospi-
talization, morbidity, and survival.

There were no pretreatment or post-treatment 
differences in physical performance status or 
symptoms between the two groups. Mean hospi-
talization time was 8 days for inpatients whether 
they were treated with a chest tube or a pleural 
catheter. Overall survival was 50% at 90 days. 
Survival did not differ by treatment among the 
groups. In patients treated with pleural catheters, 
there were no catheter-related deaths, no emer-
gency operations, and no major bleeding. Eighty-
one percent of patients treated with pleural 
catheters experienced no side effects. The eco-
nomic impact of pleural catheters was signifi cant. 
For patients treated in hospital, mean charges 
ranged from $7000 to $11,000. Patients treated as 
outpatients (60 pleural catheter patients) had 
mean charges of $3400. Outpatient pleural cath-
eter drainage was safe, cost effi cient, and success-
ful, and was associated with minimal morbidity. 
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51.9. Special Circumstances: 
Trapped Lung

Patients with a trapped lung represent another 
diffi cult clinical challenge.52 After drainage of 
a pleural effusion, the underlying lung may 
remain collapsed from adhesions or pleural 
carcinomatosis. To the inexperienced physician, 
this may mimic a pneumothorax. A chest tube 
may be placed, but the trapped lung will not 
expand. Long-term use of the chest tube in an 
attempt to re-expand the lung may increase the 
risk of pleural empyema. Standard techniques of 
thoracotomy and decortication may be consid-
ered to remove the pleural peel. Decortication is 
usually performed in patients with benign dis-
eases in whom the pleural peel restricts ventila-
tion with progressive and refractory dyspnea. 
Expansion of the normal underlying lung can 
improve symptoms of dyspnea. However, this 
intervention is sometimes drastic and may be 
contraindicated in patients with extensive 
malignancy.

The Pleurx® catheter and the pleuro-perito-
neal shunt (Denver Biomedical, Inc.) have been 
used in selected patients with a trapped lung. The 
pleuro-peritoneal shunt has two fenestrated 
limbs that are placed into the pleural cavity and 
into the peritoneum, respectively. A one-way 
valve within a subcutaneous or external pumping 

chamber allows the patient or caregiver to pump 
and drain the fl uid (from the pleural cavity to the 
peritoneal cavity) on a daily basis.

The Pleurx® catheter may be used to drain 
fl uid from a trapped lung if symptoms of dyspnea 
occur. Use of the catheter allows the patient and/
or his or her caregiver to relieve the dyspnea 
while draining the pleural fl uid at home. In this 
manner the patient and caregiver can intervene 
directly against symptoms of dyspnea that the 
patient experiences as a result of the recurring 
pleural effusion. Drainage is typically performed 
every other day. Patients tolerate this well and are 
able to maintain an independent and functional 
life outside hospital.

51.10. Conclusions

The management of recurrent MPE requires 
selection among treatment options based on a 
careful assessment of the benefi ts of the therapy 
and the associated risks. Patients with MPE 
have limited life expectancy. Therefore, efforts to 
palliate or eliminate dyspnea help to optimize 
function, eliminate hospitalization, and reduce 
excessive end-of-life medical care costs, and may 
be achieved with both pleurodesis and an indwell-
ing pleural catheter. Pleurodesis is an effective 
means of treating patients with MPE. The 
approach consisting of tube thoracostomy, 
drainage, and sclerosis with talc slurry is more 
cost effective than thoracoscopy with drainage 
and talc poudrage. Completeness of drainage 
appears to be advantageous for patients with 
MPE. Most patients currently have a large chest 
tube placed rather than a small-bore 12F to16F 
pigtail catheter, although the small-bore catheter 
appears to be equally effective and more com-
fortable. Further prospective studies are neces-
sary to clarify this potential advantage for the 
small-bore catheters. Careful decisions by the cli-
nician in coordination with the patient and his/
her family are necessary to select the optimal 
therapy for the patient (Figure 51.1). Various 
effective solutions exist that can be individually 
tailored to the patient with malignant pleural 
effusion.

Chest tube/sclerosis and chronic pleural 
drainage have similar success rates (level of 
evidence 1b; recommendation grade B).

Outpatient management of MPE can be con-
sidered a standard of care for patients under-
going chronic pleural drainage (level of 
evidence 3; recommendation grade C). 

No hospitalization was required for patients ini-
tially evaluated as outpatients. Outpatient man-
agement of MPE can be considered a standard 
of care (level of evidence 3; recommendation 
grade C). 
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52
Initial Spontaneous Pneumothorax: 
Role of Thoracoscopic Therapy
Faiz Y. Bhora and Joseph B. Shrager

is diffi cult to accurately assess the size of a 
pneumothorax from a two-dimensional chest 
radiograph, the volume of a pneumothorax 
approximates the ratio of the cube of the lung 
diameter to the hemithorax diameter, and as a 
result the size is often underestimated. For 
example, a 1-cm pneumothorax on the posterior-
anterior (PA) chest radiograph occupies about 
27% of the hemithorax volume if the lung diam-
eter is 9 cm and the hemithorax is 10 cm [(103 − 
93)/103= 27%]. By the same principle, a 2-cm 
radiographic pneumothorax occupies 49% of the 
hemithorax. The British Thoracic Society (BTS) 
recommends intervention for any PSP greater 
than 2 cm regardless of symptoms, quantifying 
these as large pneumothoraces.4 If more precise 
size estimates are required, computed tomogra-
phy (CT) scanning is the most accurate approach.5 
However, CT scan is only required initially in 
cases where it is diffi cult to differentiate a pneu-
mothorax from suspected bullae in cases of 
complex cystic lung disease.6

Hence, at least one guideline recommends 
observation alone for small (<2 cm) minimally 
symptomatic PSP7–9 and this is one reasonable 
approach. The mean rate of resolution/reabsorp-
tion of pneumothoraces without an ongoing air 
leak is 1.8% per day and full re-expansion of 
a 15% pneumothorax occurs in 8 to 12 days.9 
Patients with these small PSPs do not require 
hospital admission, but all would agree that they 
should be observed in the emergency room for 4 
to 6 h with a repeat chest radiograph showing no 
enlargement of the pneumothorax. They can then 
be discharged with clear advice to return in the 

The management of spontaneous pneumothorax 
(SP) is complicated by the many clinical settings 
in which it occurs and the lack of accepted guide-
lines for management. Primary spontaneous 
pneumothorax (PSP) occurs in persons without 
obvious underlying lung disease with a reported 
incidence of 7.4 to 18/100,000 per year for men and 
1.2 to 6/100,000 per year for women.1 Secondary 
spontaneous pneumothorax (SSP) complicates an 
underlying lung disease, most often chronic 
obstructive pulmonary disease (COPD), with a 
reported incidence similar to that of PSP. Because 
of the additional presence of the patient’s under-
lying lung disease, SSP is considered a potentially 
life-threatening event, while PSP is rarely life 
threatening.2,3 In this chapter, we will focus on the 
possible role of video-assisted thoracic surgery 
(VATS) as fi rst-line therapy for patients present-
ing with their fi rst episode of PSP, in contrast to 
the traditional approach of initial nonoperative 
management with surgical therapy reserved only 
for recurrent PSP. We will also briefl y discuss the 
limited role of VATS as initial therapy for patients 
presenting with their fi rst episode of SSP.

52.1. Initial Decision: Observation 
Versus Intervention

The initial questions to be answered when faced 
with a patient with SP are: When is simple obser-
vation suffi cient, and, on the other hand, when is 
intervention necessary? Size of pneumothorax is 
one criteria by which to choose between observa-
tions and intervention strategies. Although it 
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event of worsening breathlessness, and they 
should be seen in the outpatient clinic 1 to 2 
weeks later to assure continued resolution. Obser-
vation alone is inappropriate in more than mini-
mally symptomatic patients regardless of the size 
of the pneumothorax on a chest radiograph.

Unlike PSP, all patients with SSP require either 
inpatient observation or intervention. For SSP 
less than 1 cm with minimal symptoms, inpatient 
observation with serial fi lms is recommended by 
the BTS. All other cases should receive active 
intervention, most often in the form of intercos-
tal tube drainage. It is our advice, on the basis of 
the lung volume reduction surgery experience, 
that no suction should be placed upon the chest 
tubes of patients with SSP unless the lung fails to 
expand initially, after which time the minimal 
amount of suction allowing near-complete re-
expansion should be applied.

52.2. Which Intervention?

52.2.1. Simple Aspiration Versus 
Tube Thoracostomy

Once it has been determined that intervention is 
needed for PSP, there are three main options: 
simple aspiration; intercostal tube drainage with 
or without chemical pleurodesis; and surgical 
strategies. Both the BTS and an American College 
of Chest Physicians Delphi Consensus Statement10 
recommend simple aspiration as fi rst-line treat-
ment for all PSP and most SSP needing interven-
tion. This recommendation is based on the fact 
that successful initial re-expansion of the lung 
occurs in 59% to 83% of cases of PSP and 33% to 
67% in SSP11–13 and the fact that intercostal drain-
age with a tube can always be performed as 
second-line treatment should simple aspiration 
fail. Successful aspiration in these series depended 
on age (under 50 years, 70%–81% success; over 50 
years, 19%–31% success); the presence of chronic 
lung disease (27%–67% success); and the size of 
the pneumothorax (<3 L aspirated, 89% success; 
>3 L aspirated, no success; >50% pneumothorax 
on chest fi lm, 62% success; <50% pneumothorax 
on chest fi lm, 77% success).

Several prospective, randomized trials have 
shown no difference in initial success rates of 

lung re-expansion (59% vs. 63%) or recurrence of 
pneumothorax at 3 months (20% vs. 28%) between 
simple aspiration and chest tube thoracostomy13,14 
Touted advantages of needle or small-catheter–
based simple aspiration are a reduction in total 
pain scores during hospitalization and shorter 
hospital stays in some series.15 Although there 
may be some advantages of simple aspiration 
stemming from less invasiveness and perhaps 
lower cost compared to tube thoracostomy, small-
bore chest tubes can be placed with minimal 
morbidity and provide greater versatility in cases 
of initial nonexpansion of the lung in the form of 
application of suction and if needed, pleurodesis. 
It is certainly reasonable, and in our opinion 
optimal, therefore, to move directly to small-bore 
chest tube placement in most patients with SP 
who fall into the intervention subset, especially 
those with larger pneumothoraces, the elderly, 
and those with underlying lung disease (SSP). It 
is our opinion that most SSP larger than 1 cm and 
all SSP larger than 2 cm should be treated by 
intercostal tube drainage. If simple aspiration is 
performed in patients with SSP, prompt progres-
sion to intercostal tube drainage should be per-
formed at the fi rst sign of incomplete drainage. 
Although some have even recommended that 
consideration be given to a second attempt at 
aspiration for SP,11 this would seem unwise to us 
after an unsuccessful fi rst attempt under any 
circumstances.

There is no published evidence to suggest that 
larger tubes (20F–24F) are any better than small 
tubes (10F–14F),16 although the authors’ personal 
experience favors using at least a 20F tube in 
these circumstances, as this size tube is far less 
likely to become kinked or clogged with blood or 
tissue, thereby causing ineffective evacuation of 
the pleural space. Furthermore, if one opts to 
perform talc pleurodesis through the tube (as 
may be done for some cases of SSP), this can be 
diffi cult to perform through a very small tube.

Whether or not to place suction upon an inter-
costal tube after tube insertion is controversial. 
We believe that for PSP, a brief period (1–2 h) of 
–20 cm suction should be applied after tube 
insertion to promote initial re-expansion, but 
that the tube should subsequently be placed to 
water seal regardless of the presence of air leak. 
For SSP, where underlying bullous disease may be 
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torn by even low levels of suction, we believe 
suction should not be applied even initially. A low 
level (−10 cm) of suction can be added after 24 to 
48 h if there is failure of the lung to expand. It 
should be mentioned that here is no evidence to 
support the routine initial use of suction applied 
to chest tubes placed for the treatment of SP17,18; 
on the contrary, there is accumulating evidence 
that suction in many situations may only serve to 
prolong air leaks.19,20 The addition of suction 
immediately after insertion of a chest tube in 
cases where a pneumothorax is large and may 
have been present for several days additionally 
risks precipitating re-expansion pulmonary 
edema.

52.2.2. Role of Video-Assisted 
Thorascopic Procedures

The role of video-assisted thorascopic surgery 
(VATS) in the fi rst-line treatment of SP is con-
tinuing to evolve. Until fairly recently, the widely 
accepted gold standard for initial management of 
a fi rst episode of PSP was observation for a small 
pneumothorax and simple aspiration versus tube 
thoracostomy for larger or symptomatic pneu-
mothoraces. Before the advent of VATS in 1991, 
the gold standard procedure when surgical inter-
vention was felt to be indicated was bleb excision 
and apical parietal pleurectomy via standard 
posterior–lateral thoracotomy or axillary thora-
cotomy.21,22 This was virtually always reserved for 
recurrent ipsilateral pneumothorax, fi rst contra-
lateral pneumothorax, fi rst episode of tension 
pneumothorax, bilateral pneumothorax, and fi rst 
episode of pneumothorax in patients unable to 
receive prompt medical care or in high-risk pro-
fessions such as airline pilots and scuba divers. 
Because recurrence rates of pneumothorax with 
conservative therapy (observation, simple aspira-
tion, and tube thoracostomy) in most studies 
exceeds 40%,14,15,23 other less invasive fi rst-line 
modalities such as medical pleurodesis with tera-
cycline and talc had been investigated but with 
disappointing results.24

As surgeons’ experience with the VATS proce-
dure has matured over the last decade, VATS 
blebectomy with pleurodesis/pleurectomy has 
come to be accepted as the new gold standard 
operative procedure for PSP. It has been demon-

strated to have similar recurrence rates and 
likely lower morbidity as compared to thoracot-
omy.25,26 The following question is therefore 
increasingly being asked: Is a VATS procedure 
appropriate not only after recurrent PSP and in 
special situations, but also as a routine in the fi rst 
episode of PSP?

The fi rst paper to look at this question was 
published in 1996 and reported that VATS was 
more effective in treating patients with fi rst time 
and recurrent spontaneous pneumothorax, with 
less morbidity and potentially decreased total 
costs compared to conservative therapy.27 This 
study retrospectively looked at two groups of 
patients, comparing 112 patients in group I (con-
servative therapy, 1985–1989) to 97 patients in 
group II (VATS, 1991–1994). In group II, 70/97 
patients were cases of fi rst-time SP. The groups 
were fairly well matched. For group I, tube tho-
racostomy was only performed if the pneumo-
thorax was over 15% or progressed during 
observation. Of the 112 patients in group I, 97 
underwent tube thoracostomy. Follow-up was 
obtained in 78 patients in group I. The 2-year 
recurrence rate was 22%. In group II, the 2-year 
recurrence rate was 4% (p < 0.02). Total tube 
drainage time and hospitalization time was also 
signifi cantly lower in group II. This Dutch study 
did not report a signifi cant difference in cost, but 
extrapolated that costs would have been lower for 
group II if the 4-day waiting period before opera-
tion could be shortened and if the costs of treat-
ment of the recurrent cases were factored in.

The next series to look specifi cally at the role 
of VATS for fi rst-time PSP was published in 1998 
and retrospectively looked at the results in 61 
patients who presented with the fi rst episode of 
PSP between 1995 and 1997 and were treated with 
VATS.28 There was no control group. If the patient 
was clinically stable and the size of the pnemo-
thorax was less than 20%, the patient was 
observed. Otherwise, a chest tube was inserted 
without the application of suction. All 61 patients 
underwent high resolution CT (HRCT) and 48 
had visible blebs. Surgery was recommended to 
these 48 patients and 45 consented. The operative 
procedure consisted of three- port thorascopy, 
apical blebectomy, and mechanical pleurodesis 
with a piece of electrocautery tip cleaner. Median 
operating time was 42 min. The mean duration of 
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chest tube drainage after surgery was 3.2 ± 1.9 
days and the mean hospitalization after opera-
tion was 4.5 ± 1.9 days. Two cases had prolonged 
air leak more than 7 days and were treated by talc 
pleurodesis. Follow-up duration was 6 months. 
One recurrence was detected. The authors’ con-
clusion that their protocol “decreases recurrence, 
shortens the time needed before the decision for 
operative intervention, decreases the time a chest 
tube is needed, and shortens the hospital stay” is 
not entirely supported by the evidence presented. 
Further, there is confl icting evidence as to 
whether the presence or absence of apical blebs 
has a signifi cant impact on the natural history of 
PSP, and thus whether there is any justifi cation 
for using HRCT results as an indication for 
surgery. The data on CT in predicting a recur-
rence is confl icting29,30 and further, several studies 
show that blebs found on CT are not always the 
site of the air leak31 and have no predictive value 
for recurrence in PSP.32 However, this paper does 
validate the low morbidity and recurrence rate of 
pnemothorax following primary VATS over a 
short follow-up period.

The next series to address this question had a 
longer follow-up period of 53.2 months.33 Between 
1991 and 1997, 109 patients underwent VATS for 
SP. Fifty-three patients had fi rst-episode PSP and 
9 patients had fi rst-episode SSP. Seventy-two 
patients had leaks or blebs identifi ed at opera-
tion. Video-assisted thorascopic surgery was per-
formed within 24 h of hospital admission. No 
invasive procedure was performed if the size of 
pneumothorax did not exceed 20%. All others 
received a chest tube prior to VATS. If no blebs or 
air leaks were identifi ed, only apical pleurodesis 
was performed. This was done in a variety of 
ways: electrocautery, partial or total pleurectomy, 
or talc pleurodesis. Mean operating time was 57 
± 2 min. Three patients (2.7%) had prolonged air 
leak more than 48 h and underwent re-operation. 
The median postoperative stay in the PSP group 
was 4 days and in the SSP group 8 days. The long-
term recurrence was 4.6% and was seen in patients 
who had not received a pleural procedure at the 
time of treatment by VATS. Because they calcu-
lated that almost 50% of patients with fi rst-time 
SP will require operation either because of per-
sistent air leak or subsequent recurrence, the 
authors argue in favor of extending the indica-

tion for immediate VATS to patients presenting 
with their fi rst episode of SP.

A larger series of 156 patients presenting with 
initial PSP and treated with semi-elective VATS 
on presentation was presented in 2003 with some 
interesting results.34 All patients presenting to 
the emergency room between 1992 and 2001 
with PSP were initially managed with admission 
without chest tube placement. Within 12 hours, 
all patients underwent VATS, bleb resection, 
mechanical pleurodesis with an electrocautery 
cleaning pad and talc pleurodesis. Mean hospital 
stay was 2.4 ± 0.5 days. Surprisingly, blebs were 
found in all cases, there were no reported air 
leaks at 24 h, and there were no recurrences with 
a median follow-up of 62 months (attributed to 
the use of both mechanical and talc pleurodesis 
in all cases). Certainly, placing a patient with a 
pneumothorax on positive-pressure ventilation 
prior to a VATS procedure without a chest tube 
in place, as was done in this series, must be done 
only under very careful observation, with urgent 
chest decompression as needed.

The only study to compare conservative treat-
ment, open thoracotomy, and VATS was recently 
published in 2005 and is a retrospective study 
carried out between 1989 and 2001 in 281 patients 
with PSP.35 Mean follow-up duration was 78 months. 
Before 1993, fi rst-episode SP was treated conserva-
tively if no blebs were seen on CT, and by thoracot-
omy if blebs were identifi ed. After 1993, operative 
intervention was by VATS, replacing thoracotomy. 
When looking at fi rst episode only, 181 patients 
received conservative therapy, 13 patients under-
went thoracotomy, and 87 patients underwent 
VATS. Recurrence rates for each group were: 54.7% 
conservative group (p < 0.05), 7.7% thoracotomy, 
and 10.3% VATS (no statistical difference). Hospi-
tal stay was signifi cantly shorter in the VATS group 
compared to open thoracotomy (4.1 vs. 11.5 days). 
The authors concluded that the “outcome of VATS 
was very good compared to conservative treatment 
and equal to that of thoracotomy in the fi rst episode 
of spontaneous pneumothorax.”

All of the above studies were merely suggestive 
of a role for VATS in fi rst-episode SP by virtue of 
their retrospective design. The only prospective 
(but still nonrandomized) study to evaluate chest 
tube drainage versus VATS was published in 
2000.36 This Italian paper divided 70 patients 
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presenting with fi rst SP into two groups of 35 
patients between 1996 and 1999. The fi rst group 
underwent pleural drainage by chest tube and the 
second underwent VATS. The operative proce-
dure consisted of blebectomy of visible blebs 
(80%) or apical wedge resection and pleurectomy 
if a bleb or air leak was not identifi ed. The average 
operative time was a swift 18 min. Prolonged air 
leaks more than 6 days were seen in 11.4% of 
patients who underwent pleural drainage versus 
5.7% in the VATS group. Mean hospital time was 
shorter in the VATS group (6 days vs. 12 days) and 
recurrence at 12 months was 2.8% with VATS and 
22.8% with pleural drainage. Total extrapolated 
direct hospital costs were lower in the VATS 
group (however, the cost-analysis assumptions 
used in this Italian study are not applicable to the 
U.S. model of health care, where lengths of stay 
are markedly lower). The authors conclude that, 
“The use of VATS at fi rst spontaneous pneumo-
thorax is justifi ed in the interest of both patients 
and healthcare administrators as demonstrated 
by decreased recurrences and economy savings 
resulting from the use of VATS.”

Although both the American College of Chest 
Physicians Delphi Consensus Statement (2001) 
and The British Thoracic Society (2003) guide-
lines continue to recommend simple aspiration 
as the fi rst therapy for initial PSP, it would appear 
that the paradigm has begun to shift as increas-
ing evidence accumulates that VATS as primary 
therapy for the initial episode of PSP may be 
appropriate. On the basis of nonrandomized 
data, it appears likely that this approach leads not 
only to signifi cantly lower rates of recurrence, but 
also to improved patient quality-of-life indices 
and lower costs.37 A prospective, randomized 
study looking at simple aspiration versus chest 
tube drainage versus VATS for fi rst-episode PSP, 
with a carefully performed cost–benefi t analysis 
would be needed to answer this question conclu-
sively. Certainly, VATS blebectomy and pleurode-
sis or pleurectomy is the procedure of choice for 
recurrent PSP. The decision making involved in 
when to operate versus choosing conservative 
therapy for a patient with fi rst-episode or recur-
rent SSP is more complicated and varies accord-
ing to the overall condition of these often ill 
patients. A detailed discussion of these issues is 
beyond the space limits of this chapter.

52.3. Suggested Algorithm for Initial 
Management of First Episode of 
Spontaneous Pneumothorax

Based on the literature and our large personal 
experience with this problem, we feel that the 
following approach is the optimal overall algo-
rithm for patients presenting with the fi rst 
episode of PSP (Figure 52.1). As a routine, we do 
not obtain a chest CT scan. For a small pneumo-
thorax (<20%; approximately 1-cm rim) and 
minimal symptoms, simple observation with 
repeat chest radiograph in the emergency room 
in 4 to 6 h is appropriate. If the pneumothorax is 
stable, the patient can be discharged with careful 
instructions about seeking attention for increased 
pain or shortness of breath and a plan for a repeat 
radiograph at about 2 weeks to ensure near or 
complete resolution (recommendation grade B).

For a small initial primary spontaneous pneu-
mothorax and minimal symptoms, simple 
observation is appropriate; if the pneumotho-
rax is stable, the patient can be observed on an 
outpatient basis (level of evidence 2 to 3; rec-
ommendation grade B).

All patients with initial secondary sponta-
neous pneumothoraces should be admitted to 
a medical facility; for those with small pneu-
mothoraces, initial observation is suffi cient 
(level of evidence 2 to 3; recommendation 
grade B).

All SSP patients should be admitted to a 
medical facility for observation and/or interven-
tion. For small SSP less than 1 cm, initial careful 
observation is suffi cient (recommendation grade 
B). For larger, progressive, or symptomatic SSP, 
chest-tube intervention is recommended as fi rst-
line therapy (recommendation grade B), and we 
believe that at least a 20F tube should be placed 
(large enough to remain patent and allow possi-
ble subsequent talc pleurodesis) (recommenda-
tion grade D). Computed tomography scan is 
generally useful in SSP patients as it will help 
delineate the severity and distribution of emphy-
sematous changes, which may be useful in 
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guiding the therapeutic approach. In some cases 
it is important to obtain an urgent CT even before 
chest tube placement, as a giant bulla can easily 
be mistaken for a pneumothorax. Pleurodesis via 
the chest tube or surgical intervention, preferably 
by VATS, can then be planned on a case-by-case 
basis.

In a fi rst episode of PSP, if the pneumothorax 
is greater than 20% and/or the patient has signifi -
cant shortness of breath or pain, intervention is 
indicated. We believe that the current literature 
does not clearly delineate which is best among 
the choices of simple aspiration, intercostal tube 
drainage alone, or primary VATS. In this setting 
of inconclusive data (Table 52.1), the approach 
which we have adopted and believe is most appro-
priate is as follows. First, despite the literature 
that demonstrates some effectiveness of simple 
aspiration and small-bore, soft drainage cathe-

ters at centers that use these routinely, it is our 
personal belief that these are to be avoided. It is 
our experience that both of these procedures tend 
to be performed by physicians or staff who are 
less experienced and not specialists in pulmo-
nary medicine or surgery: thus, a needle used to 
drain the pleural space will not infrequently 
result in torn visceral pleura, leading to a greater 

TABLE 52.1. Level of evidence of studies reporting results of VATS 
procedure in first-episode PSP.

Study Reference Study period Level of evidence

Schramel, 1996 27 1985–1994 2+
Kim, 1998 28 1995–1997 3
Hatz, 2000 33 1991–1997 3
Torresini, 2000 36 1996–1999 2+
Margolis, 2003 34 1992–2001 3
Sawada, 2005 35 1989–2001 2+

FIGURE 52.1. Algorithm for initial 
management of first-episode primary 
spontaneous pneumothorax.
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problem than would otherwise be present. We 
have found further that the small drainage cath-
eters often kink or otherwise become obstructed, 
failing to drain the pleural space adequately, 
leading to recurrent pneumothorax requiring 
additional therapy. We therefore favor placement 
of a 20F standard thoracostomy tube as initial 
therapy in fi rst-episode PSP patients who are 
deemed to require intervention (recommenda-
tion grade D).

approach to patients who will require only a 
one-night hospital stay, and it assures that those 
patients who might otherwise have a prolonged 
stay with chest tube drainage have their leaks 
repaired early. VATS blebectomy and pleurodesis 
or pleurectomy is preferable to thoracotomy 
for blebectomy and pleurectomy or pleurodesis 
whenever a decision to operate has been made in 
PSP (recommendation grade B).

In an initial primary spontaneous pneumo-
thorax, if it is greater than 20% and/or the 
patient has signifi cant shortness of breath or 
pain, intervention is indicated. There is insuf-
fi cient data to make a recommendation as to 
whether simple aspiration, intercostal tube 
drainage, or VATS is the best initial interven-
tion. For larger, progressive, or symptoma-
tic secondary spontaneous pneumothoraces, 
chest-tube intervention is recommended as 
fi rst-line therapy (level of evidence 2 to 3; rec-
ommendation grade B).

Once this chest tube has been inserted, the 
tube is placed to water seal after a brief period of 
suction and chest radiograph showing complete 
re-expansion. If on the following day there is no 
air leak and no signifi cant pneumothorax, we 
remove the tube and discharge the patient. If on 
that day the patient has an air leak or a recurrent 
pneumothorax, we take that patient to the oper-
ating room for VATS as soon as possible (recom-
mendation grade C). This approach is based upon 
two main concepts: First, we feel that a patient 
should not be subjected to general anesthesia and 
a surgical procedure when up to 60% of such 
patients do not require the procedure because 
they would not have suffered a recurrent pneu-
mothorax without the procedure. The VATS 
procedure, though fairly straightforward, is not 
completely without morbidity. Second, in those 
publications that have found a cost–benefi t to 
VATS in fi rst episodes PSP, this conclusion rests 
largely upon (1) a protocol by which the proce-
dure is done early after presentation (thus reduc-
ing hospital stay), and (2) those patients not 
undergoing VATS having a prolonged hospital 
stay. Our approach both allows a nonsurgical 

In patients treated with a chest tube in whom 
a chest radiograph shows complete lung re-
expansion, if there is no pneumothorax or air 
leak on the day following chest tube place-
ment, the tube is removed and the patient is 
discharged. If on that day the patient has an 
air leak or a recurrent pneumothorax, VATS 
intervention is recommended (level of evi-
dence 3 to 4; recommendation grade C).

Our personal technique of VATS includes 
resection of all sites of air leak and blebs with 
endostapling devices, and total parietal pleurec-
tomy. If there are no visible blebs, we perform an 
apical wedge excision to be sure microscopic 
blebs have not been missed and to allow diagno-
sis of any rare underlying lung disease that may 
be present. In women, we routinely examine the 
diaphragm for the fenestrations or endometrial 
implants that have been associated with catame-
nial pneumothorax. We favor pleurectomy over 
pleurodesis because the original procedure done 
via thoracotomy that became the gold standard 
for this condition included pleurectomy, and 
pleurectomy is quite easily performed via VATS 
(the slightly higher recurrence rates generally 
reported for VATS vs. thoracotomy may in fact be 
due to the typical use of pleurodesis as opposed 
to pleurectomy at VATS). We keep a single chest 
tube to suction for 48 h following the operation to 
allow adhesions to begin to form, and if there 
is no leak at that time, the tube is removed and 
the patients are discharged. We do not feel that 
chemical pleurodesis via any tube for fi rst-
episode PSP is appropriate, as it is clearly less 
effective than VATS, and it may make a subse-
quent VATS procedure for a recurrence impossi-
ble and necessitate a thoracotomy at that time.



52. Initial Spontaneous Pneumothorax: Role of Thoracoscopic Therapy 431

References

 1. Melton LJ, Hepper NCG, Offord KP. Incidence of 
spontaneous pneumothorax in Olmsted County, 
Minnesota: 1950–1974. Am Rev Respir Dis 1979;29:
1379–1382.

 2. Noppen M, Baumann MH. Pathogenesis and treat-
ment of primary spontaneous pneumothorax: an 
overview. Respiration 2003;70:431–439.

 3. Noppen M, Schramel F. Pneumothorax. Eur Respir 
Monogr 2002;7:279–296.

 4. Henry M, Arnold T, Harvey J. BTS guidelines for 
the management of spontaneous pneumothorax. 
Thorax 2003;58:ii, 39.

 5. Engdahl O, Toft T, Boe J. Chest radiograph: a poor 
method for determining the size of a pneumotho-
rax. Chest 1993;103:26–29.

 6. Philips GD, Trotman-Dickenson B, Hodson ME, et 
al. Role of CT in the management of pneumotho-
rax in patients with complex cystic lung disease. 
Chest 1997;112:275–278.

 7. Selby CD, Sudlow MF. Defi ciencies in the manage-
ment of spontaneous pneumothoraces. Scot Med J 
1994;39:75–76.

 8. Serementis MG. The management of spontaneous 
pneumothorax. Chest 1970;57:65–68.

 9. Flint K, Al-Hillawi AH, Johnson NM. Conserva-
tive management of spontaneous pneumothorax. 
Lancet 1984;ii:687–688.

 10. Baumann MH, Strange C, Heffner JE, et al. Man-
agement of spontaneous pneumothorax. Chest 
2001;119:590–602.

 11. Archer GJ, Hamilton AAD, Upadhyag R, et al. 
Results of simple aspiration of pneumothoraces. 
Br J Dis Chest 1985;79:177–182.

 12. Ng AWK, Chan KW, Lee SK. Simple aspiration of 
pneumothorax. Singapore Med J 1994;35:50–52.

 13. Noppen M, Alexander P, Driesen P, et al. Manual 
aspiration versus chest tube drainage in fi rst 
episode of primary spontaneous pneumothorax. 
Am J Respir Crit Care Med 2002;165:1240–1244.

 14. Andrivert P, Djedaim K, Teboul J-L, et al. Sponta-
neous pneumothorax: comparison of thoracic 
drainage vs. immediate or delayed needle aspira-
tion. Chest 1995;108:335–340.

 15. Harvey J, Prescott RJ. Simple aspiration versus 
intercostal tube drainage for spontaneous pneu-
mothorax in normal lungs. BMJ 1994;309:1338–
1339.

 16. Tattersal DJ, Traill ZC, Gleeson FV. Chest drains: 
Does size matter? Clin Radiol 2000;55:415–421.

 17. So SY, Yu DY. Catheter drainage of spontaneous 
pneumothorax: suction or no suction, early or late 
removal? Thorax 1982;37:46–48.

 18. Sharma TN, Agrihotri SP, Jain NK, et al. Intercos-
tal tube thoracostomy in pneumothorax: factors 
infl uencing re-expansion of lung. Ind J Chest Dis 
Allied Sci 1988;30:32–35.

 19. Marshall MB, Deeb ME, Bleir JI, et al. Suction 
vs water seal after pulmonary resection: a ran-
domized, prospective study. Chest 2002;121:
831–835.

 20. Cerfoloi RJ, Bryant AS, Singh S, et al. The manage-
ment of chest tubes in patients with a pneumotho-
rax and an air leak after pulmonary resection. 
Chest 2005;128:816–820.

 21. O’Rourke JP, Yee ES. Civilian spontaneous pneu-
mothorax. BMJ 1971;4:86–88.

 22. Weedon D, Smith GH. Surgical experience in 
the management of spontaneous pneumothorax, 
1972–1982. Thorax 1983;38:737–743.

 23. Light RW. Pneumothorax. In: Light RW, ed. Pleural 
Diseases. 3rd ed. Baltimore: Wilkins and Wilkins; 
1995:242–277.

 24. Massard G, Thomas P, Wihlm JM. Minimally 
invasive management for fi rst and recurrent pneu-
mothorax. Ann Thorac Surg 1998;66:592–599.

 25. Freixinet JL, Canalis E, Julia G, et al. Axillary tho-
racotomy versus videothoracoscopy for the treat-
ment of primary spontaneous pneumothorax. 
Ann Thorac Surg 2004;78:417–420.

 26. Samtambrogio L, Nosotti M, Bellaviti N, et al. Vid-
eothoracoscopy versus thoracotomy for the diag-
nosis of the indeterminate solitary pulmonary 
nodule. Ann Thorac Surg 1995;59:868–870.

 27. Schramel FMNH, Sutedja TG, Barber JCE, et al. 
Cost-effectiveness of video-assisted thoracoscopic 
surgery versus conservative treatment for fi rst 
time or recurrent spontaneous pneumothorax. 
Eur Respir J 1996;9:1821–1825.

 28. Kim J, Kim K, Shim YM, et al. Video-assisted 
thoracic surgery as a primary therapy for primary 
spontaneous pneumothorax. Surg Endosc 1998;12:
1290–1293.

 29. Warner BE, Bailey WW, Shipley RT. Value of CT 
of the lung in the management of bullae in patients 
with primary spontaneous pneumothorax. Am J 
Surg 1991;162:39–42.

 30. Mitlehner W, Friedrich M, Dissmann W. Value of 
CT in the detection of bullae in patients with 
primary spontaneous pneumothorax. Respiration 
1992;59:221–227.

 31. Noppen M. Do blebs cause primary spontaneous 
pneumothorax? Con: blebs do not cause primary 
spontaneous pneumothorax. J Bronchol 2002;9:319–
323.

 32. Schramel FMNH, Zanen P. Blebs and/or bullae are 
of no importance and have no predictive value for 



432 F.Y. Bhora and J.B. Shrager

recurrences in patients with primary spontaneous 
pneumothorax. Chest 1976;119:1976–1977.

 33. Hatz RA, Kaps MF, Meimarakis G, et al. Long-
term results after video-assisted thoracoscopic 
surgery for fi rst-time and recurrent spontaneous 
pneumothorax. Ann Thorac Surg 2000;70:253–257.

 34. Margolis M, Gharagozloo F, Tempesta B, et al. 
Video-assisted thoracic surgical treatment of 
initial spontaneous pneumothorax in young pa -
tients. Ann Thorac Surg 2003;5:1661–1664.

 35. Sawada S, Watanabe Y, Shigeharu. Video-assisted 
thoracoscopic surgery for primary spontaneous 

pneumothorax: evaluation of indications and 
long-term outcome compared with conservative 
treatment and open thoracotomy. Chest 2005;126:
2226–2230.

 36. Torresini G, Vaccarili M, Divisi D, et al. Is video-
assisted thoracic surgery justifi ed at fi rst sponta-
neous pneumothorax? Eur J Cardiothorac Surg 
2002;20:42–45.

 37. Ng CSH, Wan S, Yim APC. Letter to the editor. 
Paradigm shift in surgical approaches to sponta-
neous pneumothorax: VATS. Thorax 2004;59:
357.



433

53
Intrapleural Fibrinolytics
Jay T. Heidecker and Steven A. Sahn

pneumonia that requires drainage for the resolu-
tion of pleural sepsis. An empyema thoracis is 
pus in the pleural space2 and represents the fi nal 
stage of a parapneumonic effusion that always 
requires pleural space drainage.

53.1. Pathophysiology of 
Parapneumonic Effusions 
and Empyema

Parapneumonic effusions are prototypical exu-
dative effusions that occur as a result of altered 
microvascular permeability.4 The natural history 
of a parapneumonic effusion evolves over three 
stages: exudative, fi brinopurulent, and organiz-
ing. The exudative stage begins shortly after the 
onset of the pneumonic process. Neutrophils 
bind to cell wall components on bacteria in the 
distal alveoli and secrete interleukin-1(IL-1), IL-
6, IL-8, tissue necrosis factor α (TNF-α), and 
platelet activating factor (PAF).5 IL-8 and PAF 
recruit neutrophils, which secrete additional 
cytokines that recruit more neutrophils and 
increase vascular permeability of both pulmo-
nary and adjacent parietal pleural microvessels. 
A neutrophil-predominant, protein-rich fl uid 
with an elevated lactate dehydrogenase (LDH) is 
formed in the pleural space.6 Prompt and appro-
priate antibiotic therapy in this stage controls 
the infl ammatory process, obviating the need 
for pleural space drainage with or without 
fi brinolytics.

The fi brinopurulent stage is characterized 
by continued exudation of plasma proteins, 

Pleural space infection (complicated parapneu-
monic effusion and empyema) is common and 
causes signifi cant morbidity and mortality of up 
to 10%. The incidence of community-acquired 
pneumonia in the United States is estimated at 
3.5 to 4 million cases per year with about 20% of 
patients requiring hospitalization.1 A parapneu-
monic effusion develops in approximately half of 
hospitalized patients with pneumonia,2 translat-
ing into 300,000 to 350,000 parapneumonic effu-
sion annually. Most are small and resolve with 
antibiotics alone without pleural space sequelae. 
However, the effusion can progress to a compli-
cated parapneumonic effusion (CPE) or empyema. 
Management ranges from observation to thora-
cotomy with decortication. The use intrapleural 
fi brinolytics, such as streptokinase, urokinase, 
and tissue plasminogen activator (tPA) to augment 
chest-tube drainage of a CPE and empyema is 
widespread; however, case series, cohort studies, 
and small randomized, controlled trials have 
confl icting conclusions. Recently, a large, multi-
center, randomized clinical trial [First Multi-
center Intrapleural Sepsis Trial (MIST-1)] found 
no benefi t of intrapleural streptokinase for CPE 
and empyema3; therefore, the use of intrapleural 
fi brinolytics must be selective and needs further 
study.

The classifi cation of pleural space infection 
can be confusing. For simplicity, an uncompli-
cated parapneumonic effusion is a pleural effu-
sion that occurs as a result of pneumonia that 
resolves with antibiotic therapy alone. A CPE 
(pleural fl uid pH <7.20 and/or positive gram stain 
or culture) is a pleural effusion associated with 
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including coagulation factors, as well as dysregu-
lation of fi brinolysis, resulting in altered fi brin 
turnover, septation, and loculation within the 
pleural space. During the development of a para-
pneumonic effusion, the mesothelial cell is stim-
ulated by TNF-α, IL-1, lipopolysaccharide, and 
interferon γ (INF-γ).7 In parapneumonic effusion 
and empyema, levels of plasminogen activator 
inhibitors 1 and 2 (PAI-1 and PAI-2) are signifi -
cantly elevated,8–10 inhibiting fi brinolysis and 
promoting fi brin formation.10,11 Fibrin strands 
form, causing loculation. Extensive loculation 
can lead to lung entrapment.12 Because the central 
pathology appears to be disordered fi brin turn-
over, it has been postulated that intrapleural 
fi brinolytics would be effective in the drainage of 
pleural fl uid in the early fi brinopurulent stage, 
preventing progression to an empyema. The con-
fl icting data regarding the effectiveness of intra-
pleural fi brinolytics may refl ect the presence of 
collagen formation along this fi brin skeleton and 
crosslinking of fi brin strands rendering fi brino-
lytics ineffective during the late fi brinoprolifera-
tive and organizing phase.

The third stage of a parapneumonic effusion 
is the organizing stage, which results in an 
empyema. Progression to this stage typically 
occurs over 2 to 4 weeks in the absence of ade-
quate treatment. The empyema fl uid (pus) 
becomes viscous because of fi brin, cellular debris, 
and coagulation proteins which often contain 
viable bacteria.13 Fibroblasts enter the pleural 
space and promote collagen deposition on the 
fi brin neomatrix and along the pleural surface. 
The result is an inelastic visceral pleural peel that 
limits lung expansion. Due to collagen deposition 
and the maturity of the visceral pleural peel, a 
fi brinolytic agent would not be expected to be 
useful in a mature empyema.

53.2. Management of Complicated 
Parapneumonic Effusions

Most CPEs require pleural space drainage, in 
addition to antibiotic therapy. Success rates of 
image-guided, small-bore catheters and standard 
chest tubes for CPEs are similar.14,15 Ultrasono-
graphic and computed tomography (CT)16-
directed, small-bore chest tubes can be placed 

into small loculations that may be diffi cult to 
reach with blind insertion, such as apical locula-
tions, loculations abutting the mediastinum, and 
loculations with underlying lung consolidation. 
Each loculus should be drained, if possible. 
Small-bore chest tubes should be fl ushed regu-
larly via a three-way valve17; intrapleural fi brino-
lytics can easily be administered through a side 
port of most small-bore chest tubes.

53.2.1. Management of Empyema

For the patient with empyema, initial therapy 
should include drainage of the pleural space and 
intravenous antibiotics. The optimal mode of 
drainage is controversial. Although success with 
small-gauge, image-guided pigtail catheters is 
reported,14 a large-bore (28F–32F) chest tube is 
the preferred initial drainage modality of non-
loculated empyema.18 However, in pooled data 
from 21 case series reporting treatment of CPE 
and empyema, patients treated with tube thora-
costomy as the primary intervention required a 
second intervention 40% of the time.19 Wait and 
colleagues20 found that early treatment of locu-
lated empyema with video-assisted thoras-
copic surgery (VATS) resulted in a signifi cantly 
decreased hospital stay compared to streptoki-
nase in a small series of patients; however, the 
methodology was biased toward the VATS arm. 
A Cochrane review of all trials comparing medical 
and surgical therapy for empyema excluded most 
series for methodological reasons21–23 and, there-
fore, could not reach defi nitive conclusions.24 
The most important aspect of management of 
empyema is the prompt initiation of effective 
drainage of the pleural space. Delays in complet-
ing drainage, regardless of the initial approach 
selected, contribute to increased morbidity.25

53.2.2. Evaluation of Chest-tube Drainage

When tube thoracostomy is the initial manage-
ment choice for CPE and empyema, chest-tube 
output should be monitored accurately. When 
drainage approaches 50 cc/day or the patient’s 
symptoms have not improved, a posterior-
anterior (PA) and lateral chest radiograph or CT 
scan should be performed to assess adequacy of 
drainage and tube position. If there is residual 
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fl uid, the tube should be fl ushed with sterile 
saline to ensure patency.17 If kinked, it can be 
withdrawn slightly to relieve the obstruction. There 
are commercial dressings available that secure a 
small-bore chest tube to the chest wall without 
kinking. Computed tomography is able to dem-
onstrate whether the chest tube is correctly posi-
tioned in the fl uid collection and whether there 
are additional loculations that are not in com-
munication with the tube. In some instances, 
however, tube thoracostomy alone is inadequate.

The options available to manage inadequate 
drainage include additional chest tubes, intra-
pleural fi brinolytics, VATS, limited thoracotomy, 
standard thoracotomy with decortication, and 
open surgical drainage. The choice of an addi-
tional drainage modality depends upon the pres-
ence of ongoing pleural sepsis, maturity of the 
empyema, degree of restriction of lung function 
from a mature pleural peel, familiarity with the 
treatment modalities, and debility of the patient.

53.2.3. Intrapleural Fibrinolytics

Intrapleural fi brinolytics have been used when 
there is occlusion of the chest tube with thick, 
viscous material or when there are multiple 
pleural loculations that fail to drain.13 The three 
primary fi brinolytics that have been used are 
streptokinase, urokinase, and tissue plasmino-
gen activator (tPA). Streptokinase is dosed by 
adding 250,000 units to 20 to 100 mL of normal 
saline. If urokinase is chosen, 100,000 units are 
used; however, it is not currently available in the 
United States.26 In children, 4 mg tPA in 50 mL 
saline has been used.27 The fi brinolytic is instilled 
into the pleural space, and the chest tube is 
clamped for 2 to 4 h.28,29 The chest tube is then 
unclamped and returned to suction. Daily or up 
to three times per day instillations have been 
employed. We favor three instillations daily so 
we can assess a patient’s response relatively 
rapidly and avoid an unnecessarily delay of 
surgery if there is an inadequate response to the 
fi brinolytic. Mechanistically, administration of 
intrapleural fi brinolytics would appear to be an 
effective approach in disrupting pleural locula-
tions if given when fi brin stranding predominates 
prior to fi brin strand crosslinking and collagen 
deposition.

The literature regarding the effectiveness of 
intrapleural fi brinolytics is confl icting. Many case 
series have suggested improvement in clinical and 
radiographic outcomes with intrapleural strepto-
kinase or urokinase.29–39 Small randomized, con-
trolled trials report improvement in the volume of 
fl uid drained,26,28,40–42 radiographic appearance of 
the pleural space,26,28,38 decreased hospital stay,26,41 
and decreased need for surgery26,40,41 in patients 
receiving intrapleural fi brinolytics (streptokinase 
or urokinase). The patients in these studies were 
heterogenous. In some studies, only patients with 
empyema were studied; in others, a mixed popula-
tion of empyemas and CPE were represented. A 
summary of the case series and randomized 
studies involving intrapleural fi brinolytics is 
shown in Tables 53.1 and 2.

While there have been numerous studies docu-
menting apparent effi cacy of intrapleural fi brino-
lytics, the majority of the reports are small 
retrospective case series. A Cochrane review of 
three randomized, controlled trials of good 
methodological quality26,28,41 found that intra-
pleural fi brinolytics appeared to decrease hospi-
tal stay, need for surgery, and time to defervesence, 
and showed improvement in the chest radio-
graph. However, these fi ndings were not uniform 
and the number of patients was small. Therefore, 
the Cochrane review did not recommend use of 
intrapleural fi brinolytics for the management of 
CPE and empyema.43

A double-blind, randomized clinical trial in 
the United Kingdom of 454 patients (MIST-1) 
examined the utility of intrapleural streptokinase 
in patients with empyema (pus) or CPE (pH of 
<7.20 or positive gram stain with signs of infec-
tion, such as fever, elevated white-cell count, 
or elevated C-reactive protein). Results in 427 
patients enrolled did not show a difference in 
mortality rates, need for surgery, or hospital stay.3 
However, 83% of the patients had empyema, cor-
responding to the organizational stage of a para-
pneumonic effusion. The median time from 
initial symptoms of pneumonia to randomization 
of 14 days refl ects an advanced pathophysiologi-
cal stage of the parapneumonic effusion. There-
fore, it would not be anticipated that these patients 
would have a positive response from intrapleural 
fi brinolytic therapy. We believe that the results 
from the MIST-1 trial should not be applied to all 
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TABLE 53.1.  Studies with at least 10 patients involving fibrinolytics in adults.

 Level of   
Reference evidence    Design       Agent   N (type)              Comments

Bergh (1977)30 4 Retrospective Streptokinase 12 empyemas 83% increased drainage or CXR improvement
    case series   250,000 U/day  
Henke (1992)31 4 Retrospective Streptokinase 12 CPE 67% increased drainage or CXR improvement
    case series   250,000 U/day  
Taylor (1994)32 4 Retrospective Streptokinase 11 empyemas 73% increased drainage or clinical, CXR, US
    case series   250,000 U/day    improvement
Laisaar (1996)33 4 Retrospective Streptokinase 1 CPE 68% increased drainage clinical or CXR 
    case series   250,000 U/day 21 empyemas   improvement
Roupie (1996)34 4 Retrospective Streptokinase 16 empyemas 88% increased drainage or CT imiprovement
    case series   250,000 U/day  
Moulton (1989)35 4 Retrospective Urokinase 80– 11 empyemas 91% clinical improvement
    case series   150,000 U several  
     times/day
Park (1996)36 4 Retrospective Urokinase 10 empyemas 60% improved lung expansion on CXR
    case series   80,000 U t.i.d.  
Bouros (1994)37 4 Prospective Streptokinase 15 CPE 95% clinical or CXR improvement
  case series   250,000 U/day 5 empyemas 
Jerjes-Sanches 4 Prospective Streptokinase 30 empyemas 93% increased drainage, CXR or pft 
  (1996)38    multicenter   250,000 U/day  improvement
    series
Bouros (1996)39 4 Prospective Urokinase 13 CPE 95% increased drainage or improved CXR or US
    case series   50,000 U/day 7 empyemas 
Lim (1999)21 3b Prospective Streptokinase 19 CPE Decreased mortality 3% vs. 24% with SK +
    sequential   250,000 U/day 63 empyemas   surgery vs. nothing; trend toward mortality 
    cohort   vs. SK + surgery     benefit in SK vs. nothing but not significant
     vs. no treatment  
Chin (1997)29 2b Case control Chest tube alone or 12 CPE Increased drainage but no improvement in fever,
     streptokinase 40 empyemas   need for surgery, hospital stay, or mortality
     250,000 U/day  
Davies (1997)28 2b Randomized, Streptokinase 11 CPE Increased drainage and CXR improvement in
    controlled   250,000 U/day 13 empyemas   streptokinase group
    trial   vs. NS  
Wait (1997)20 1b Randomized Streptokinase 20 CPE or  VATS decrease hospital days and increase 
    series   250,000 U/day   empyemas   success of drainage
     vs. VATS  
Bouros (1999)26 1b Randomized, Urokinase 21 CPE Urokinase decrease hospital days, increase
    controlled   100,000 U/day 10 empyemas   success 87% vs. 25%, decrease VATS need 
    trial   × 3 days vs. NS    14% vs. 38%
Tuncozgur (2001)41 1b Randomized, Urokinase 49 CPE or  Urokinase decrease hospital stay 14 vs. 21 days 
    controlled   100,000 U/day   empyemas   and need for surgery 29% vs. 60%
    trial   × 5 days vs.  
     placebo  
Diacon (2004)40 1b Randomized, Streptokinase 7 CPE Streptokinase increase success and decrease
    controlled   250,000 U/day 37 empyemas   need for surgery 14% vs. 32%; all patients 
    trial   vs. NS    got rinse of NS or SK
Bouros (1997)42 1b Randomized, Streptokinase 39 CPE Both improve drainage, no difference in amount
    double-blind   250,000 U/day 11 empyemas   of drainage or need for surgery
    trial   vs. urokinase  
     100,000 U/day  
Maskell (2005)3 1b Randomized, Streptokinase 355 empyemas No difference in need for surgery, mortality,
    double-blind   250,000 U bid    hospital stay, residual pleural thickening; 
    trial   × 3 days vs. 75 CPE   study population skewed with high 
     placebo    percentage mature empyema
Cameron (2004)43 1a High-quality Evaluated the 144 patients Fibrinolytics appear to decrease need for surgery
  (Cochrane    meta-analysis   RCTs available    with CPE or   and length of stay; unable to give firm
  review)     at time   empyema   recommendations due to low number of patients

Abbreviations: CPE, complicated parapneumonic effusion; CXR, chest radiograph; NS, normal saline; pft, author, please supply definition; RCT, random-
ized, controlled trial; tPA, tissue plasminogen activator; US, ultrasound.
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patients with CPEs because the group that poten-
tially would be responsive (those in the early fi bri-
nopurulent stage) was under-represented in this 
trial. The message from MIST-1 is that there is no 
role for intrapleural fi brinolytics in the late fi bri-
nopurulent or organizational stage of a parap-
neumonic effusion. The value of intrapleural 
fi brinolytics can only be judged when given earlier 
in the pathophysiological process. Further studies 
assessing the effi cacy of intrapleural fi brinolytics 
must recognize that parapneumonic effusion and 
empyema represent a heterogeneous spectrum of 
disorders. Trials should not enroll patients with 
mature empyema as these patients bias the results 
toward a negative treatment effect.

The use of intrapleural fi brinolytics is not 
without adverse effects. There are case reports of 
localized pleural and systemic bleeding44,45 and 
acute respiratory distress syndrome after intra-
pleural instillation of streptokinase and uroki-
nase.46 Streptokinase is a bacterial protein and, 
therefore, can induce neutralizing antibodies. 
These antibodies could theoretically interfere 
with its effi cacy and cause an anaphylactic 
reaction if streptokinase is given in subsequent 
hospitalizations. Patients who have received 
streptokinase should receive a card indicating 
their exposure and should receive urokinase or 
tPA for future thrombolysis.

Other agents may be better suited to disrupt 
pleural loculations. Single-chain urokinase 

appears to work only on plasminogen that is 
bound to fi brin strands47; and therefore, it is not 
active against free-fl oating plasminogen within 
the pleural space. This selective binding may 
offer two distinct benefi ts. First, by being active 
only on bound plasminogen, it activates plasmin-
ogen that can cleave fi brin strands, causing locu-
lations instead of being utilized on free-fl oating 
fi brinogen. Second, binding to plasminogen on 
fi brin strands may shield it from plasminogen 
activator inhibition and prolong its effects.47,48 
Further study is needed to clarify the apparent 
advantage of single-chain urokinase compared 
to streptokinase and other urokinase prepara-
tions. Tissue plasminogen activator may be more 
effective in disrupting loculations than uroki-
nase or streptokinase preparations, as it does not 
require binding to plasminogen to be active. Ret-
rospective cohorts of children with empyema and 
CPE suggest that tPA may increase drainage 
without signifi cant bleeding risk.27,49 However, 
there is a paucity of literature in adults reporting 
its use.50 Given its increased cost, widespread use 
of tPA for CPE and empyema cannot currently be 
advocated. There may be a role for fi brinolytics 
in combination with deoxyribonuclease (DNase) 
or collagenases. The initial use of intrapleural 
streptokinase was from bacterial cultures that 
contained both streptokinase as well as strepto-
coccal DNase.51 In comparison to streptokinase 
alone, the addition of DNase caused marked 

TABLE 53.2. Studies with at least 10 patients involving fibrinolytics in children.

 Level of
Reference evidence Design Agent N (type) Comments

Hawkins (2004)60 4 Retrospective tPA 58 empyemas 93% successful without need for additional 
    case series    in children   treatment
Weinstein (2004)27 3a Retrospective Early, late, or no 8 empyemas Decreased chest-tube time in patients with 
    cohort   tPA 4 mg   45 CPE; all   early tPA, no operations required; sequential 
      in children   no tPA, then after 1999 all early or late tPA
Yao (2004)57 3a Prospective & Streptokinase 19 CPE Streptokinase increase drainage, decrease 
    retrospective   12,000 U/kg/day 23 empyemas   fever days 5.3 vs. 7.9 days, decrease surgery 
    cohort    in children   10% vs. 41%
Singh (2004)59 1b Randomized, Streptokinase 40 empyemas No difference in clinical or sonographic 
    controlled   15,000 U/kg/day    in children   outcome
    trial   × 3 days vs. NS 
Thomson (2002)56 1b Randomized, Urokinase 40,000 U  60 CPE or Urokinase decrease hospital stay 7.2 vs. 9.4 
    multicenter,   bid × 3 days vs.   empyemas   days; only 5 VATS needed 3 in placebo 2 in
    double-blind,   placebo   in children   urokinase
    controlled trial     

Abbreviations: CPE, complicated parapneumonic effusion; CXR, chest radiograph; NS, normal saline; tPA, tissue plasminogen activator; US, 
ultrasound.
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reduction in the viscosity of the pus in vitro52 and 
has been successfully used in humans.53 Mecha-
nistically, these two agents used together would 
lyse fi brin strands and decrease viscosity of the 
pus, promoting better drainage. However, before 
widespread use of these combinations can be 
advocated, randomized studies or large, well-
designed cohort trials would be required.

In the absence of high-grade evidence from 
adequately performed trials, we limit the use of 
fi brinolytic therapy to patients with late exuda-
tive or early fi brinopurulent parapneumonic 
effusions who do not drain rapidly and completely 
following chest-tube insertion. Parapneumonic 
effusions in these early stages are more likely to 
be amenable to fi brinolytic therapy compared 
with effusions in the organized stage (empyema). 
Once we have verifi ed that the chest tube remains 
within a loculation by CT scan, we dose strepto-
kinse three times per day, clamping the tube for 
2 h. If we do not achieve radiographic improve-
ment with three doses, we either insert an addi-
tional chest tube under ultrasound or CT guidance 
or consider surgical drainage. If an additional 
chest tube(s) does not result in adequate drainage, 
surgery should be performed without delay if 
there are no absolute contraindications.

52.2.4. Conclusion

Based on the evidence available, the authors rec-
ommend that intrapleural fi brinolytics should 
not be used for mature empyema (level of evi-
dence 1a to 1b; recommendation grade A), may 
be considered for early fi brinopurulent compli-
cated parapneumonic effusion (level of evidence 
1b to 2b; recommendation grade B), but their use 
should not delay surgical intervention where 
appropriate.

52.2.5. Empyema in Children

Management of empyema in children is similar 
to adults with some notable exceptions. First, the 
epidemiology of empyema differs in children and 
adults. Most children with empyema are healthy. 
They have less altered mental status, airway pro-
tection issues, and aspiration, and are, in general, 
not at risk for anaerobic pathogens. The majority 
of children present with cough, dyspnea, respira-
tory distress, and fever; poor feeding is a rare 
presentation.54 In the western world, children 
virtually never die from empyema; the difference 
in mortality between adults and children with 
empyema is related to the comorbidities in adults. 
It is unclear whether immediate drainage is nec-
essary in pediatric patients who have complicated 
(by pleural fl uid analysis, ultrasound, or CT scan 
appearance) parapneumonic effusions. Pediatric 
patients with exudative parapneumonic effusions 
have been treated successfully with antibiotics 
alone54 or with serial thoracentesis as opposed 
to chest-tube drainage.55 Small-bore chest tubes 
appear effective in draining pediatric empyema 
and resulted in a signifi cant decrease in hospital 
stay in one study.56 Intrapleural fi brinolytics, 
including tPA,27,49 appear to decrease febrile days, 
the need for surgical intervention,57 and hospital 
stay.56 Fibrinolytics also appear to be safe in chil-
dren.58 As death is rare in pediatric empyema in 
the western world, assessment of this end point 
is problematic (Table 53.2).

53.2.6. Conclusion

Based on the paucity of studies and confl icting 
conclusions of the two randomized, controlled 
trials,56,59 there is insuffi cient evidence to provide 
a recommendation on the use of fi brinolytics in 
children; however, the use of intrapleural fi brino-
lytics appears to be safe.

Intrapleural fi brinolytics should not be used 
for management of mature empyema (level of 
evidence 1a to 1b; recommendation grade A).

Intrapleural fi brinolytics may be consid-
ered for management of early fi brinopurulent 
complicated parapneumonic effusion (level of 
evidence 1b to 2b; recommendation grade B), 
but their use should not delay surgical inter-
vention where appropriate.

There is insuffi cient evidence to provide a rec-
ommendation on the use of fi brinolytics for 
management of empyema in children.
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Brain metastases, for example, while once exceed-
ingly rare in MPM, are now seen commonly.

Computed tomography (CT) is the primary 
modality of choice for evaluating MPM. Computed 
tomography fi ndings can be used to preclude 
surgery in patients with obviously unresectable 
tumors (e.g., diffuse extension of tumor into the 
chest wall, mediastinum, vital organs, peritoneum, 
or distant metastasis).7 Magnetic resonance 
imaging (MRI) has been recommended occasion-
ally as an adjunct to more accurately defi ne inva-
sion of the diaphragm and endothoracic fascia.7–9 
Recently, fl ourodeoxyglucose–positron emission 
tomography (PET-FDG) has emerged as a new 
imaging modality in the evaluation of MPM with 
reportedly a better sensitivity, specifi city, and 
accuracy (97%, 80%, and 94%, respectively) for 
detecting all histological types of MPM lesions 
when compared with CT (83%, 80%, and 82%, 
respectively).10 Positron emission tomography may 
also help ascertain the biological aggressiveness of 
the tumor and hence determine the prognosis in 
patients with MPM. In a recent study, those with 
higher FDG uptake had a signifi cantly shorter sur-
vival time.11 Based on these criteria, a decision can 
be made whether to pursue an aggressive approach 
or not. More recently, fusion PET-CT scanning has 
replaced PET scans for a better correlation of ana-
tomical detail with metabolic activity. Currently, 
however, FDG-PET based scanning is not widely 
used for MPM staging in the United States.

Despite the imaging modalities mentioned 
above, some patients still require surgical staging/
confi rmation of N2 status. Video-assisted thora-
scopic surgery (VATS) has become the current 

Diffuse malignant pleural mesothelioma (MPM) 
is an aggressive tumor with dismal prognosis 
that has largely been associated with exposure to 
asbestos. As a disease of industrialized nations 
predominantly, it is expected to have its peak 
incidence around year 2020. In the United States 
alone, 2500 to 3000 new cases of MPM are diag-
nosed annually and its incidence is increasing.1–4 
Based on a 20- to 50-year latency period between 
exposure and disease manifestation, there might 
still be another surge in incidence in the mid 21st 
century associated with asbestos exposure from 
the unfortunate events of September 11, 2001, at 
the World Trade Center in New York City. Despite 
important advances in our understanding of this 
disease, long-term survivors are rare due to delay 
in diagnosis and rapid disease progression. 
Malignant pleural mesothelioma poses a signifi -
cant healthcare problem not only for patients 
and their caregivers, but also for industry and 
government in terms of the enormous cost of 
compensation.

Median survival for untreated patients is 
reported to be between 4 to 18 months from the 
time of diagnosis. Unlike other thoracic malig-
nancies, patients usually succumb to loco-
regional disease with invasion of vital structures 
such as lungs, heart, great vessels, and esopha-
gus, rather than metastases. Hence, early diagno-
sis is critical in the treatment of MPM.5,6 With the 
advent of aggressive local control such as extra-
pleural penumonectomy and radical pleurec-
tomy/decortication with systemic multimodality 
therapies, patients are living longer but present-
ing with more systemic failures and metastases. 
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gold standard for establishing a histological diag-
nosis,12 as well as for staging patients. In addition 
to stage, age, performance status, and epithelial 
histology have a signifi cant impact on survival in 
MPM.13 The presence of chest pain, weight loss, 
high platelet counts (>400 K), low hemoglobin, 
high white-blood-cell count, and high lactate 
dehydrogenase (>500 IU/L) impact negatively on 
patient survival.14 No clear consensus exists as to 
a specifi c biomarker or set of biomarkers that 
are either prognostic or can clearly direct therapy. 
Yet progress in understanding the molecular 
pathogenesis of MPM does hold promise for being 
able to identify in the future a specifi c set of genes 
and/or biomarkers that can predict biological 
aggressiveness, the chance of metastasis, and the 
likelihood that aggressive combined modality 
interventions will confer a long-term survival 
advantage. The science, however, is not here yet.

54.1. Therapy

There is no universally accepted standard therapy 
for MPM. Treatment options include chemother-
apy, radiation therapy, surgery, or some com-
bination of these modalities. Single-modality 
therapy has had limited success in the treatment 
of this disease. The median survival for patients 
receiving supportive care alone has been reported 
to be as low as 6 months.15,16 As in most orphan 
and understudied diseases, however, the inter-
pretation of any data is fraught with signifi cant 
bias and hampered by underpowered, nonran-
domized, nonprospective studies. In addition, 
because of the nonstandardized staging system 
for MPM, many observations cannot be extrapo-
lated across institutions or countries. Given that 
most data (with a few exceptions noted below) are 
from retrospective, small single-institution trials 
that spanned years if not decades to accrue 
patients with evolving staging techniques and 
modalities, it is diffi cult to draw fi rm conclusions 
regarding best treatment option(s).

54.1.1. Single-Modality Therapy

54.1.1.1. Chemotherapy

Up until recently, the median survival time of 
patients treated with chemotherapy alone, either 

as single agent or some combination, was no 
better than 7 months.14 However, newer agents, in 
particular gemcitabine and pemetrexed in com-
bination with platinum analogs, have recently 
been shown to improve response rates and quality 
of life. In a phase II study, Byrne and colleagues 
achieved a partial response rate of 47% in pa -
tients with advanced-stage pleural mesothelioma 
treated with combination of cisplatin and 
gemcitabine.17

Pemetrexed, a novel multitargeted anti-folate 
that inhibits DNA synthesis, in combination with 
platinum analogs in two phase I studies, achieved 
a partial response (PR) rates of 32% and 45%, 
respectively.18–20 Based on the encouraging results 
of the aforementioned trials, Vogelzang and 
coworkers21 conducted a phase III trial to deter-
mine whether combination pemetrexed/cisplatin 
conferred a survival advantage in patients with 
MPM compared with cisplatin alone.

In this multicenter, international, randomized 
study, 456 patients with unresectable MPM were 
randomized to receive either a combination of 
pemetrexed and cisplatin or cisplatin alone. 
Combination pemetrexed/cisplatin signifi cantly 
improved time to relapse (5.7 months vs. 3.9 
months; p = 0.001) and, most importantly, sur-
vival (12.1 months vs. 9.3 months; p = 0.02). The 
2.8-month survival benefi t in the combination 
chemotherapy group translated into an improved 
hazard ratio of 0.77 or, conversely, a meaningful 
relative risk of death reduction of 23%. Therefore, 
combination pemetrexed/cisplatin is now rou-
tinely used for advanced-stage biopsy proven 
MPM (level of evidence 1a).

54.1.1.2. Radiation

The role of radiation as single-modality therapy 
is diffi cult to evaluate due to the fact that radia-
tion has generally been used as part of either 
bimodality or multimodality therapy in conjunc-
tion with chemotherapy, surgery, or both. Effec-
tiveness of radiation therapy alone is limited by 
the comparatively radio-resistant nature of the 
disease, the high doses, and/or the extensive 
target areas required. Radiation, however, has 
been used to palliate areas of symptomatic tumor 
invasion.22 Radiotherapy has also been used 
effectively to prevent biopsy tract site malignant 
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seeding. In a recent randomized study compar-
ing those receiving daily sessions of local radio-
therapy to the invasive/diagnostic entry site with 
those receiving no radiation, none of the patients 
treated with radiation developed entry tract 
metastasis as opposed to 40% of the untreated 
that did.23 This study supports the use of early 
local radiotherapy in preventing malignant 
seeding at the biopsy site or chest-tube site (level 
of evidence 1b).

54.1.2. Surgery

Similar to chemotherapy and radiation, surgery 
as a single-modality therapy has not been overly 
successful in the treatment of MPM. Further-
more, only 20% to 30% of patients at the time of 
presentation are amenable to resection. Of those, 
20% are unresectable at the time of operation. 
Because MPM is predominantly a loco-regional 
disease, surgical strategies have focused on 
loco-regional control. Current surgical therapy 
for patients with MPM includes radical surgery 
(extrapleural penumonectomy), debulking 
surgery (pleurectomy/decortication), and pallia-
tion (drainage effusion and pleurodesis). Surgery 
in MPM, like any operation for cancer, has the 
most benefi t when an R0 or nearly R0 resection 
can be achieved. R0 status after resection has 
been shown by a few groups to confer a survival 
advantage compared to those that received lesser 
degree of resection. This philosophy has signifi -
cant import in approaching patients with MPM 
for surgical treatment. While palliative decorti-
cations alone can make patients less dyspneic 
and offer better quality of life in the short term, 
no real evidence exists to suggest that it confers 
any survival advantage. Radical pleurectomy 
(visceral and parietal) with skeltonization of 
hilar and mediastinal pericardial and diaphrag-
matic pleura, however, can lead to a meaningful 
cytoreduction and chance of increased survival 
if R0 status can be achieved. The evidence of data, 
however, is limited.

Historically, extrapleural pneumonectomy 
(EPP) entailing en bloc resection of the pleura, 
lung, ipsilateral hemidiaphragm, and pericar-
dium has been limited by high operative mortal-
ity (30%).24 As a result, pleurectomy/decortication 
(P/D) that only removes all gross pleural disease 

without removing the underlying lung, pericar-
dium, or diaphragm has been preferred over EPP 
by some surgeons due to lower associated mor-
bidity and mortality (1.5% to 5%).25 However, the 
last couple of decades have seen improvements in 
the operative technique, anesthesia, periopera-
tive care, and patient selection, resulting in a sig-
nifi cant reduction in operative mortality rate to 
less than 4% for EPP in centers with signifi cant 
experience.26

Despite the theoretical advantage, radical 
surgery, however, failed to confer a survival 
advantage over debulking surgery in a multi-
centered Lung Cancer Study Group (LCSG) pro-
spective trial. Between 1985 and 1988, the LCSG 
enrolled patients with biopsy proven MPM. Of 
the 83 patients accrued, only 20 were eligible for 
EPP. The remaining patients either underwent P/
D or were treated nonsurgically. The postopera-
tive mortality was 15% in the EPP group. While 
the recurrence-free survival was signifi cantly 
longer for those who underwent EPP, there was 
no difference in overall survival among these 
three groups (level of evidence 2b). Furthermore, 
the authors did acknowledge that the observed 
difference in recurrence-free survival among the 
three groups might not be entirely attributable to 
the surgical approach because it was not adjusted 
for other prognostic indicators.27

54.1.3. Multimodality Therapy

Due to disappointing results with single-modal-
ity therapy, the consensus among experienced 
groups is that surgery is best combined with 
adjuvant chemotherapy, radiation, or a combina-
tion of these. Of all treatment approaches 
attempted, EPP, in combination with chemora-
diation, has been most consistently associated 
with long-term disease-free survival and has pro-
vided for the greatest amount of cytoreduction.

54.1.3.1. Evidence for Extrapleural 
Pneumonectomy and Adjuvant Therapy

The largest experience to date supporting EPP 
followed by adjuvant therapy came from Brigham 
and Women’s Hospital and Dana Farber Cancer 
Institute (BWH/DFCI). In this retrospective 
review of 183 patients, Sugarbaker and colleagues 
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reported an overall median survival of 19 months, 
with 2-year and 5-year survivals of 38% and 15%, 
respectively, with an impressive operative mor-
tality of 3.8%. A highly selected subset of 31 
patients (roughly 15% of the series) with epithe-
lial type, negative surgical margins, and negative 
lymph nodes demonstrated an impressive median 
survival of 51 months, with 2- and 5-year surviv-
als of 68% and 46%, respectively. Survival corre-
lated signifi cantly with the stage of the disease.28

Similarly, in a phase II single-institution 
(Memorial Sloan-Kettering Cancer Center; MSKCC) 
study of EPP (62 patients) versus P/D (5 patients) 
followed by hemithoracic radiation (54 Gy), the 
median survival in the EPP group was noted to be 
17 months with an overall survival at 3 years of 
27%.29 In contrast to the 51 months median sur-
vival in early stage in Sugarbaker’s study, early-
stage disease (stage I and II) “good” prognosis 
patients in this study had a median survival of 
33.8 months only. A number of factors could 
account for the observed differences, namely tri-
modality therapy in Sugarbaker and colleagues 
study as opposed to bimodality therapy in Rusch 
and colleagues study; different staging criteria; 
etc. Due to the extremely small patient numbers, 
the survival was not assessed in the P/D group.

While both studies seem to support the aggres-
sive surgical approach entailing EPP followed by 
some form of adjuvant therapy in early-stage 
MPM (level of evidence 2b), the effi cacy of EPP 
over P/D has not been studied in a controlled 
clinical trial setting, making it diffi cult to draw 
any fi rm conclusions. In support of the above, 
Maziak and associates, in their systematic review 
of the surgical management of MPM, found only 
one prospective study by Pass and colleagues 
showing a signifi cant difference in survival 
between the EPP (9.4 months) and P/D (14.5 
months) treatment arms (p = 0.012). But patients 
were generally preselected for a specifi c surgical 
treatment in this series.30,31 None of the retrospec-
tive studies that included some form of adjuvant 
treatment reported a signifi cant or consistent dif-
ference or advantage in median survival for EPP 
when compared to P/D. Unfortunately, interpre-
tation of these trials is diffi cult, leaving the prac-
titioner unsure as to which approach may offer 
the greatest benefi t or least harm to the patient. 
Despite the relative lack of data and clarity some 

consensus and trends in patient management are 
emerging across centers of excellence for MPM 
treatment (discussed below).

54.1.3.2. Evidence for Pleurectomy/Decortication 
with Adjuvant Therapy

As most patients succumb to local tumor inva-
sion rather than metastases, reducing the volume 
of tumor may be an important determinant of 
postoperative survival and can improve quality 
of life (QOL). Debulking surgery, whilst not cura-
tive, has the potential to obtain effective local 
control due to the protracted time before a sig-
nifi cant amount of tumor re-accumulates to 
provoke symptoms. The choice of operation, EPP 
versus P/D, is dictated by several factors. The dif-
ference in the operative mortality between the 
two operations plays a major role in determining 
the suitability of one surgical approach over the 
other. The amount of disease and vital organs 
involvement further governs which operation is 
most suitable for a given patient. Patient factors 
such as inadequate cardiopulmonary reserve or 
comorbidities may preclude the more aggressive 
EPP approach. For this subgroup of patients, P/D 
offers a better therapeutic option. Yet, the real 
question as to whether P/D compared to nonop-
erative treatment prolongs survival has not been 
addressed in carefully controlled, prospective, 
randomized trials.

While retrospective studies have typically 
shown a survival advantage for patients undergo-
ing surgery of any kind (P/D or EPP) versus non-
operated upon patients, these studies suffer from 
similar selection bias fl aws in that the surgery 
arms of the studies all selected for better perfor-
mance status low tumor burden patients, etc. As 
a debulking procedure, P/D inherently has a high 
local failure rate. Similar to the EPP experience, 
most institutions use combined modality therapy 
to reduce regional recurrences in P/D. The role 
of adjuvant chemotherapy, administered both 
locally and systemically, following P/D has also 
been investigated. The rationale for local intra-
pleural instillation of chemotherapy relies on the 
proclivity of MPM to remain localized even when 
advanced.

A signifi cant amount of work has been per-
formed by investigators at MSKCC in New York 



446 J. Kukreja and D.M. Jablons

using intrapleural chemotherapy following P/D 
in the treatment of MPM. In a phase II trial of P/
D, Rusch and colleagues reported their experi-
ence with 27 patients with biopsy-proven MPM 
who underwent P/D followed immediately in the 
posteroperative period with intrapleural instilla-
tion of cisplatin and mitomycin via chest tubes 
and subsequently systemic administration of the 
two agents 3 to 5 weeks later. The median pro-
gression-free survival was 13.6 months with an 
overall survival at 2 years of 40% (with the median 
overall survival of 18.3 months). While the overall 
survival in this phase II trial was better than sup-
portive care alone and comparable to other com-
bined modality regimens, local relapse remained 
a major problem. Similar to the EPP experience, 
the investigators found that epithelial histology 
conferred signifi cantly better survival than 
nonepithelial histology.32 One can cautiously 
conclude from this trial (feasibility nonrandom-
ized trial) that in a select cohort with epithelial 
histology and an R0 resection with P/D, that 
P/D offers a viable option in an adjuvant setting 
(level of evidence 2b). However, once again, trials 
such as these emphasize the need for multi-
instituational and multidisciplinary approach to 
this rare disease entity in a phase III setting.

Memorial Sloan-Kettering Cancer Center 
investigators in their continual effort to better 
understand this disease to improve outcome 
reported their largest experience to date with P/D 
followed by radiation. In this retrospective 
review, 123 patients between 1974 and 2003 
underwent P/D. Postoperatively, the entire hemi-
thorax was irradiated externally to a median 
dose of 42.5 Gy with a mixed photon electron 
beam technique to reduce damage to the under-
lying lung. Fifty-four patients also received intra-
operative brachytherapy to any residual gross 
disease following P/D. In this series, the median 
survival and 2-year overall survival were 13.5 
months and 23%, respectively. Nonepithelial his-
tology, left-sided disease, radiation dose less than 
40 Gy, and the use of implants were all noted to 
be negative predictors of overall survival in mul-
tivariate analysis. Despite this intensive treat-
ment, 67% had local relapse. While this low-dose 
mixed photon–electron beam likely spared the 
underlying lung, it failed to produce long-term 
survivors or effective local control. The authors, 

therefore, concluded that adjuvant radiation is 
not an effective treatment option for eradicating 
residual disease following P/D and that a more 
aggressive, that is, greater cytoreductive surgical 
approach was necessary33 (level of evidence 2b). 
Several other authors have reported a median 
survival ranging from 10 to 18 months with P/D 
followed by radiation again in small series with 
inherent biases.

We at University of California, San Francisco, 
have similarly performed a retrospective review 
of radical pleurectomy/decortication and intra-
operative radiotherapy (IORT) followed by exter-
nal beam radiation therapy with or without 
chemotherapy for diffuse malignant pleural 
mesothelioma. Of the 32 patients that were ini-
tially evaluated between 1995 and 2000, 26 that 
underwent successful radical P/D were entered 
into analysis. Twenty-four patients received IORT 
for a median dose of 15 Gy. The same number of 
patients also received postoperative either three-
dimensional (3D) conformal RT (14 patients) or 
IMRT (10 patients). The median dose of external 
beam radiation was 41.4 Gy. Some, but not all, 
patients were given platinum-based chemother-
apy. A median overall survival of 18.1 months 
and an overall 2-year survival of 32% were dem-
onstrated. Radical pleurectomy/decortication 
with aggressive radiotherapy with or without 
chemotherapy might offer an alternative treat-
ment option to those who cannot tolerate 
ex trapleural pneumonectomy.34 Yet, IORT is 
challenging to administer to suffi cient tissue 
planes at risk (interlobar fi ssures, diaphragm, 
and pericardial/mediastinal pleura) and is not 
universally available. Whether the combined 
IORT radical P/D offered enhanced local control 
was not clear. Also, newer effective chemotherapy 
regimens with a pemetrexed backbone may 
achieve more for residual disease post P/D than 
IORT could offer. Finally, in these patients, 
although they benefi ted initially from improved 
pulmonary function, their pulmonary function 
gradually deteriorated with time (especially in 
the long-term survivors) such that the pneumo-
nectomy-sparing value of radical P/D was dimin-
ished. In essence, they developed a slow-motion 
autopneumonectomy due to postoperative 
changes, injury or sacrifi ce of the phrenic nerve, 
and long-term radiation sequelae. Additionally, 



54. Diffuse Malignant Pleural Mesothelioma: The Role of Pleurectomy 447

as shown in other series, higher dose external 
beam radiation especially when not 3D confor-
mal and/or IMRT, has been associated with sig-
nifi cantly higher toxicity.

The role of P/D with intraoperative photody-
namic therapy has also been investigated. Pass 
and colleagues in a phase III study randomized 
63 patients to intraoperative PDT or not followed 
by postoperative immunochemotherapy. Forty-
eight patients met the preoperative criteria for 
randomization. Twenty-three patients underwent 
P/D and the remaining EPP. The median survival 
for this cohort was 14.4 months, compared with 
7.7 months for those who were not debulked. 
Although pilot studies on the use of intraopera-
tive photodynamic therapy as adjuvant therapy 
were promising, this phase III trial showed no 
apparent benefi t for either progression-free (8.5 
vs. 7.7 months) or overall survival (14.4 vs. 14.1 
months) for intraoperative PDT. A trend, however, 
for longer survival was noted for those undergo-
ing P/D as opposed to EPP (22 months vs. 11 
months; p = 0.07) regardless of intraoperative 
PDT (level of evidence 2b).35,36 Unfortunately, the 
study was not powered to detect the superiority 
of one surgical approach over the other.

54.1.3.3. Evidence for Extrapleural 
Pneumonectomy and Neoadjuvant Therapy

Neoadjuvant therapy is standard although some-
what controversial in certain locally advanced 
cancers such as stage IIIA (N2) non-small cell 
lung cancer. Recent advances in chemotherapy 
for MPM have led some groups to investigate the 
feasibility of induction chemotherapy prior to 
EPP in MPM patients as well. In a phase II trial, 
the MSKCC group enrolled patients with advanced 
disease to fi rst undergo induction therapy with 
gemcitabine and cisplatin followed in 3 to 5 weeks 
by EPP and adjuvant 54 Gy radiation 4 to 6 weeks, 
postoperatively. The patients not only tolerated 
this regimen but their resectability rate was better 
(88%) when compared with the historical resect-
ability rate of 75% to 80%. Despite the original 
concern that chemotherapy induced fi brosis 
might make the dissection more diffi cult, no 
operative mortality was noted.37

Similarly, a Swiss group reported no perioper-
ative mortality and a median survival of 23 

months in their series of 20 patients following 
induction chemotherapy with gemcitabine and 
cisplatin followed by EPP with or without 
adjuvant radiation. Interestingly, this was far 
superior to their own experience of EPP with 
adjuvant chemoradiation (a median survival of 
13 months).38 A recently opened multicentered, 
prospective, randomized, phase III trial is under-
way in the United Kingdom comparing induction 
chemotherapy (pemetrexed–platinum doublet) 
alone to induction chemotherapy (same drugs) 
followed by EPP. While we await the results of 
this trial, the preliminary results appear promis-
ing and may translate into prolonged survival. 
Regardless, it does not appear that induction che-
motherapy, especially regimens with pemetrexed, 
which is exceptionally well tolerated, increased 
surgical morbidity or mortality and is well toler-
ated even in the setting of EPP.

54.2. The Debate

In experienced centers, the surgical mortality 
associated with EPP is in the range of 3.8% to 5%, 
comparable to 1.5% to 5% for P/D, which is a 
remarkable achievement given the frequent 
extent of disease encountered and the magnitude 
of the procedure being performed. Amazingly, in 
some centers the operative mortality with EPP is 
signifi cantly less than the operative mortality for 
routine pneumonectomy for lung cancer (5%–
8%). Therefore, operative mortality by itself 
should not preclude the more radical EPP 
approach. While EPP provides a more complete 
removal of gross disease, in patients with early 
disease both procedures allow for complete 
removal of gross disease. Extrapleural pneumo-
nectomy may be more appropriate for those with 
advanced disease infi ltrating the fi ssures and 
encasing the lung in whom P/D may not get rid 
of all gross disease. Furthermore, EPP facilitates 
the feasibility of adjuvant radiotherapy. Pneumo-
nectomy allows the entire hemithorax to be irra-
diated at a higher more effective dose (approx 
50–60 Gy) as opposed to P/D, where the underly-
ing lung is at risk of radiation fi brosis, thus limit-
ing the fi eld and radiation dose. Extraplueral 
pneumonectomy, has better relapse-free survival. 
Unfortunately, despite these stated advantages, 
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the evidence to date in support of EPP has failed 
to establish defi nitively a signi fi cant overall sur-
vival advantage over P/D. Of course, the real trial 
comparing the two approaches head to head pro-
spectively has not been done. Yet, there is move-
ment among MPM centers to consider such a 
trial. Now that there are multiple centers with 
teams of thoracic surgeons, medical and radia-
tion oncologists who are experts in MPM, suffi -
cient numbers of patients could be accrued both 
in the United States and Europe to answer the 
question.

Recent advances in chemotherapy in MPM 
have been encouraging. As mentioned previously, 
the combination of pemetrexed/cisplatin in unre-
sectable disease has shown decent response. Cur-
rently, clinical trials are underway where this 
regimen is being studied in a neoadjuvant setting 
for those with resectable disease by EPP. There 
is a high likelihood that bulky disease may be 
reduced and render a patient a candidate for the 
lesser of the two aggressive procedures, that is, 
P/D, but still delivering a R0 resection. Our single-
institution preliminary experience in a relatively 
small number of patients supports this hypothe-
sis. We also have had anecdotal success in 
rendering those who were initially unresectable 
that after chemotherapy became amenable to 
resection.

In the fi nal analysis, the optimal treatment 
of MPM remains to be determined by continued 
carefully planned and performed clinical trials. 
It is for this reason that patients with MPM should 
be referred to centers with established programs 
that are participating in multi-institutional 
efforts to allow the right questions to be asked 
and hopefully answered. For now, in the absence 
of irrefutable solid trial data, it is common prac-
tice for patients to be treated based on individual 
institutional biases and dependent on the multi-
ple determinants, comorbidities, and perfor-
mance status of the patient (Figure 54.1). The best 
evidence to date suggests that a subset of patients 
with favorable criteria such as epithelial histol-
ogy, limited bulk of disease, and who are medi-
astinal (N2) node negative (i.e., early stage I or II) 
will benefi t from enhanced local control and pos-
sible chance of cure with EPP and combined sys-
temic chemotherapy and adjuvant radiation. The 
advent of molecular assessment of tumors and 
gene profi ling should allow determination of the 
innate biological aggressiveness of an individual 
patient’s tumor (perhaps regardless of other 
classic staging parameters such as T or N status) 
and this may help guide resection choice. Patients 
in whom long-term survival is less likely would 
benefi t from non-pneumonectomy approaches 
that are still being developed. In the interim, 

Biopsy-proven MPM

Early-stage

Minimal Disease; non-
Epithelial histology; and/or
Limited cardiopulmonary
reserve

Fissural disease; epithelial
Histology; good cardiopulmo-
nary reserve

Chemo ± Radiation
Or experimental trial

?Neoadjuvant Chemo

Advanced-stage

*

Restaging

Down-staged Stable or
Progression

No surgery
Or pleurodesis

EPP or P/DAdjuvant 
Chemo ± Radiation

Adjuvant 
Chemo ± Radiation

Adjuvant 
Chemo ± Radiation

P/D
C-med N2 (–) N2 (+)

EPP if R0  achievable P/D if R0/R1
achievable

FIGURE 54.1. Algorithm for managing MPM. C-med, cervical mediastinoscopy; EPP, extrapleural pneumonectomy; N2, ipsilateral lymph 
node station; P/D, pleurectomy/decortication; *, neoadjuvant chemotherapy followed by EPP or P/D.
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current practice guidelines suggest that there is a 
role for radical P/D with intra-operative medias-
tinal node sampling as part of a combined modal-
ity approach in patients who cannot tolerate EPP 
and in whom an R0 or R1 resection can be deliv-
ered (Figure 54.1). Palliative (>R1) P/D, on the 
other hand, probably has a limited role.
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There is a role for radical P/D with intra-
operative mediastinal node sampling as part 
of a combined modality approach in patients 
who cannot tolerate EPP and in whom an R0 
or R1 resection can be delivered (level of evi-
dence 2b; recommendation grade B).

Palliative (>R1) P/D has a limited role in the 
management of MPM.
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studies, further confounded by the changing 
classifi cation and staging of MPM over the years. 
This chapter critically evaluates the evidence that 
supports the role of EPP, in combination with 
adjuvant therapies, in prolonging survival of 
patients with MPM.

55.1. Published Data

55.1.1. Single-modality Treatment

The failure of EPP to extend survival in the 
context of a single-modality regimen is well 
established (Table 55.1).1–4 Butchart’s series 
quoted an operative mortality of 31%, a 5-year 
survival of 3%, and a median survival of 10 
months. Although it provided a brief period of 
local control, EPP alone did not improve the 
natural history of the disease. Poor response 
rates to chemotherapy and limitations in the 
maximum radiation dose allowable by surround-
ing intrathoracic viscera led caregivers to recom-
mend supportive care alone.

55.1.2. Multimodality Treatment

A seminal article by Antman and colleagues in 
1980 at the Sidney Farber Cancer Institute 
(renamed the Dana–Farber Cancer Institute in 
1983) advocated a multimodality approach to 
MPM after a retrospective review suggested an 
advantage to aggressive intervention.5 Thereaf-
ter, a prospective multimodality protocol was 
issued, including EPP followed by adjuvant 
chemotherapy (cyclophosphamide/doxorubicin/

Malignant pleural mesothelioma (MPM) is a rare 
but highly aggressive tumor of the pleura that has 
defi ed standard approaches to treatment. Left 
untreated, the disease carries a grave prognosis, 
with median survival ranging from 4 to 12 
months. Surgery serves as the mainstay of treat-
ment: the strategy with resectable tumors is to 
widely remove all gross disease and apply adjunc-
tive treatments for maximal local and systemic 
control. This approach is necessarily aggressive, 
with the goal of prolonging survival and the hope 
of cure for patients who are treated early in the 
course of the disease. Extrapleural pneumonec-
tomy (EPP), the en bloc resection of the lung, 
visceral and parietal pleura, pericardium, and 
ipsilateral diaphragm, represents the most radical 
surgical approach to eradicate all macroscopic 
tumor burden. Other surgical options, such as 
pleurectomy and decortication, serve to debulk 
tumors but inevitably leave gross residual disease 
within the hemithorax. Against the background 
of a dismal disease, the combination of EPP with 
different adjuvant regimens has yielded promis-
ing outcomes. Furthermore, studies of these mul-
timodal treatments have led to a revised staging 
system that may more appropriately stratify the 
biological variants of this disease.

To date, there are no evidence-based consen-
sus guidelines on the management of MPM. Given 
the rarity of MPM, there are no randomized, con-
trolled trials that compare different surgical 
approaches with one another or compare surgery 
to alternative treatments. The cumulative evi-
dence in the literature lies in retrospective case 
series reports and prospective, noncontrolled 



452 S. Su et al.

cisplatin, or CAP) and radiation therapy (RT). In 
1991, Sugarbaker and colleagues published their 
fi rst case series of 31 patients who underwent EPP 
in a trimodality setting, demonstrating a low rate 
of mortality (6%).6 This study identifi ed trends 
toward improved survival in the subset of patients 
with negative histological margins.

Coincident with the 1991 Sugarbaker study, 
several other centers produced case series report-
ing improved rates of operative mortality with 
EPP.3,7 A prospective trial by Rusch and coworkers 
in 1991 noted a longer progression-free survival 
with EPP but showed no difference in survival 
when compared to patients who underwent less 
radical procedures or nonsurgical treatment.4 
Allen and associates published a retrospective 
case series of patients who underwent both EPP 
and pleurectomy/decortication (P/D) with post-
operative adjuvant therapy of either computed 
tomography (CT) or RT; there was a trend toward 
higher median survival in those who underwent 
EPP, although it was not statistically signifi cant.8

Over the next several years, Sugarbaker and 
colleagues worked to refi ne their surgical tech-
nique and improve patient selection. A 1992 
update (44 patients) described a substantial 
reduction in mortality (4.6%).9 In 1993, the 
Brigham and Women’s Hospital (BWH) and 
Dana–Farber Cancer Institute (DFCI) combined 
cancer treatment program identifi ed a subset 
of patients with epithelial histology and node-
negative status that exhibited improved sur-
vival.10 Dissatisfi ed with the ability of current 
staging systems to stratify patients according to 
survival, they proposed a revised staging system 
(Table 55.2). The next update in this series (120 
patients) reported a median survival of 21 
months.11 The previously published staging crite-
ria were validated, with survival stratifying 
according to the BWH pathological stage: stage I 
median survival, 22 months; stage II median sur-
vival, 17 months; stage III median survival, 11 
months (p = 0.04). Although there was no surgi-
cal control group, this study suggested a survival 

TABLE 55.1. Reported mortality of extrapleural pneumonectomy with and without adjuvant therapy.

 
Number Adjuvant Epithelial Operative

         % Survival 

Reference Epp Therapy Histology Mortality(%) 1-yr 2-yr 3-yr 5-yr Median (mos)

Worn, 19741 62 None – ns  37  10
Butchart, 19762 29 None  11 31  10   3
DaValle, 19863 33 Cd  20 9.1  24 14
Ruffie, 19914 23 – – 13  17  – 9
Allen, 19945 40 C or RT  26 7.5  22.5  10
Rusch, 19916 20 None  15  33   10
Pass, 199714 39 PDT       9.4
Rusch, 1999 115 C or RT, CRT – 3.5     *
Sugarbaker, 19937 52 CAP + RTa  50 5.8b  50  –
Sugarbaker, 19998 183 CAP + RTa 103 3.8  37  14
Maggi, 200139 23 CP + RTa  6.3     77%c

Rusch, 200117 62 RTa  60 11   27  17
Aziz, 200240 64 CE  35 9.1 84  48 18 35
Sugarbaker, 200418 328 C + RT  3.4
Stewart, 200415 53 Nonee  7.5     17

Abbreviations: C, adjuvant chemotherapy; CAP, cyclophosphamide (600 mg/m2) + doxorubicin (60 mg/m2) + cisplatin (70 mg/m2), 4 to 6 cycles; CE, 
carboplatin + epirubicin and postoperative systemic chemotherapy; CP, carboplatin (at an area under the curve of 6) + paclitaxel (200 mg/m2), 4 cycles; 
RT, adjuvant radiotherapy.
aRT up to 55 Gy.
bAll cell types combined (n = 52).
c21/27 (77%) alive at median follow-up of 12.5 months.
dDoxorubicin or RT or both in 52% of patients.
eEssentially EPP only, a few patients had adjuvant chemotherapy, but most in United Kingdom are advised to wait until disease recurs.
*Median survival: stage I, 29 months; stage II, 19 months; stage III, 10 months; stage IV, 8 months.
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benefi t for patients with epithelial histology and 
negative nodes.

While Sugarbaker and colleagues confi rmed 
the validity of their revised staging system with 
the results from their updated data set, a consor-

tium led by Rusch called the International 
Mesothelioma Interest Group (IMIG) developed 
another staging system.12 The International TNM 
staging was based on emerging data about the 
impact of T (tumor) and N (node) status on 

TABLE 55.2.  Staging systems of malignant pleural mesothelioma.

Brigham and Women’s Hospital (BWH) Revised Staging System
I. Disease confined to the capsule of the parietal pleura: ipsilateral pleura, lung, pericardium, diaphragm, or chest-wall disease limited to 

previous biopsy types.
II. All stage I with positive intrathoracic (N0, N1) lymph nodes.
III. Local extension of disease into chest wall or mediastinum, heart, or through diaphragm, peritoneum, with or without extrathoracic or 

contralateral (N2, N3) lymph node involvement.
IV. Distant metastatic disease.

International Mesothelioma Interest Group (IMIG) Staging System
T. Primary tumor and extent
T1. a. Tumor limited to ipsilateral parietal pleura, including mediastinal and diaphragmatic pleura: no involvement of the visceral pleura.
 b.  Tumor involving the ipsilateral parietal pleura, including mediastinal and diaphragmatic pleura; scattered foci or tumor also involving the 

visceral pleura.
T2. Tumor involving each of the ipsilateral pleural surfaces (parietal, mediastinal, diaphragmatic pleura; scattered foci or tumor also involving the 

visceral pleura.)
 • Involvement of diaphragmatic muscle.
 • Confluent visceral pleura (including the fissures) or extension of tumor from visceral pleura into the underlying pulmonary parenchyma/
T3. Describes locally advanced but potentially resectable tumor; tumor involving all of the ipsilateral pleural surfaces (parietal, mediastinal, 

diaphragmatic, and visceral pleura) with at least one of the following features.
 • Involvement of the endothoracic fascia.
 • Extension into mediastinal fat.
 • Solitary, complete resectable focus or tumor extending into the soft tissues of the chest wall.
 • Nontransmural involvement of the pericardium.
T4. Describes locally advanced technically nonresectable tumor; tumor involving all of the ipsilateral pleural surfaces (parietal, mediastinal, 

diaphragmatic, and visceral pleura) with at least one of the following features.
 • Diffuse extension or multifocal mass of tumor in the chest wall, with or without associated rib destruction.
 • Direct transdiaphragmatic extension of the tumor to the peritoneum.
 • Direct extension of tumor to the contralateral pleura.
 • Direct extension of tumor to one or more mediastinal organs.
 • Direct extension of tumor into the spine.
 •  Tumor extending through the internal surface of the pericardium without or without a pericardial effusion or tumor involving the 

myocardium.

N. Lymph nodes
Nx. Regional lymph nodes cannot be assessed.
N0. No regional lymph node metastases.
N1. Metastases in ipsilateral bronchopulmonary or hilar lymph nodes.
N2. Metastases in the subcarinal or the ipsilateral mediastinal lymph nodes, including the ipsilateral internal mammary nodes.
N3. Metastases in contralateral mediastinal, contralateral internal mammary, ipsilateral, or contralateral supraclavicular scalene lymph nodes.

M. Metastases
Mx. Presence of distant metastases cannot be assessed.
M0. No (known) metastasis.
M1. Distant metastasis present.

Stage grouping
I. a. T1aN0M0
 b. T1bN0M0
II. T2N0M0
III. Any T3M0, any N1M0, any N2M0
IV. Any T4, any N3, any M1
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survival. The T descriptor provided the precise 
anatomical defi nition of the extent of the primary 
tumor, while the N descriptor referred to the 
same nodal sets used in the International Lung 
Cancer Staging System. However, the validity of 
the International TNM staging system was called 
into question with the subsequent update on 183 
patients published by Sugarbaker and colleagues 
in 1999.13 Multivariate analysis of this data set 
showed that the most important predictor of 
poor outcome after undergoing EPP in a trimodal 
setting was histological subtype (mixed or sarco-
matoid), followed by N2 nodal disease and posi-
tive resection margins. The identifi cation of these 
three prognostic factors led the authors to modify 
the BWH staging system, incorporating positive 
margins and extrapleural nodes into the classifi -
cation. N2 nodes were reclassifi ed as defi ning 
stage III (instead of stage II) disease beyond 
the pleural envelope. The revised BWH staging 
system improved the survival stratifi cation of the 
cohort of 183 patients (p = 0.0011) as compared 
to the stratifi cation yielded by the previously 
published BWH staging system. However, the 
International TNM staging system failed to 
stratify survival when applied to the Sugarbaker 
data set. The TNM staging designated the major-
ity of the patients as stage III, coalescing patients 
with different tumor characteristics and obscur-
ing survival benefi ts associated with such prog-
nostic markers. Furthermore, the T descriptor 
was not a statistically signifi cant predictor of sur-
vival on log rank testing, refl ecting the failure of 
the TNM staging system to represent the biologi-
cal behavior of MPM in this largest patient series 
to date.

Nonetheless, the TNM staging continues to be 
the more widely used staging system. Rusch and 
coworkers published a prospective, noncon-
trolled study of a cohort of MPM patients treated 
with either EPP or P/D followed by adjuvant 
treatment. Tumor stage had a signifi cant impact 
on overall survival when considered across all 
four stage groups: stage I (n = 21) had a median 
survival of 30 months, stage II (n =40) 19 months, 
stage III (n = 102) 10 months, and stage IV (n = 
68) 8 months. It should be noted that stage I com-
prises T1N0 tumors of strikingly minimal disease 
and is the least common stage at which patients 
present. This study showed that the data also 

stratifi ed by the number of positive nodes (0–3 
nodes positive vs. ≥4 nodes positive) and adju-
vant therapy. The study overall encouraged treat-
ment of early disease with surgical resection and 
adjuvant therapy. Although there was no signifi -
cant difference in survival based on the type 
of surgical resection (EPP vs. P/D), it should be 
noted that P/D was performed in patients with 
minimal visceral pleural tumor while those with 
more locally advanced tumor underwent EPP. 
The bias in operative planning undermines 
Rusch’s conclusion that the type of surgical resec-
tion does not have an impact on survival. A 
similar bias is present in the study from the 
National Cancer Institute (NCI) by Pass and asso-
ciates, who reported a retrospective review of 95 
patients, divided between EPP and P/D followed 
by intraoperative photodynamic therapy (PDT) 
and immunochemotherapy.14 The median sur-
vival for EPP was 9.4 months compared to 14.5 
months for P/D; however, the study acknowl-
edged that patients with lesser volume of tumor 
burden underwent P/D. Additionally, the tech-
nique of EPP was less than radical, with a dis-
section that spared a portion or all of the 
diaphragm.

There remains much controversy as to the 
importance of the type of surgical resection 
between EPP and P/D. This is likely to remain 
unresolved in the absence of randomized, con-
trolled trials comparing the two approaches. 
Improvements in operative technique and patient 
selection have reduced the mortality risk of EPP 
to 4% in the Sugarbaker series, matching the 
quoted risk of P/D (1%–5%). Thus the argument 
against EPP due to high operative mortality 
does not apply to select high-volume centers. 
Unless patients fail the eligibility criteria for EPP 
(Table 55.3), the evidence strongly suggests that 
resectable MPM should be treated with radical 
resection via EPP followed by adjuvant chemora-
diotherapy. This trimodal approach offers the 
best chance for long-term survival in select 
patient subgroups. A recent case series by Stewart 
and colleagues supports the benefi t of EPP over 
P/D, showing a longer progression-free survival 
and longer time to local disease progression with 
EPP.15 The identifi cation of negative microscopic 
margins as a prognostic marker of survival in 
patients, as elucidated by Sugarbaker and col-
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leagues, provides an additional argument in favor 
of EPP because P/D inevitably leaves gross resid-
ual disease.

Studies of patterns of failure have pointed to 
loco-regional recurrence as the most common 
site of treatment failure. A study by Baldini 
revealed the ipsilateral hemithorax to be the most 
common site of relapse after trimodality therapy 
(35%), followed by abdomen (26%) and contralat-
eral thorax (17%).16 Distant recurrence was rare 
(8%). This study highlights the locally aggressive 
nature of MPM and strongly argues for strategies 
to achieve maximal local tumor control. Dif-
ferent means have been studied to eradicate 
microscopic foci of tumor burden: intrapleural 
chemotherapy, intraoperative RT and PDT, post-
operative RT, IMRT, and brachytherapy. On the 
other hand, Rusch and coworkers published a 
phase II trial of patients who underwent EPP fol-
lowed by high-dose hemithoracic radiation.17 
This trial reported a higher proportion of distant 
metastases (30%) as the fi rst site of relapse, rather 
than loco-regional recurrence (2%). This fi nding 
highlights the need for adjuvant chemotherapy to 
target systemic spread of the disease. It should be 
noted that the Rusch study defi ned distant metas-
tases to include those that occurred in the 
abdomen and contralateral thorax. Other groups 
consider these sites to possibly represent contigu-
ous spread or tumor seeding from the primary 
disease process; instead, distant metastases are 
specifi ed as those in the brain, bone, or other 
areas more likely to represent hematogenous or 
lymphatic spread of the primary disease.

55.2. Impact of Published Data on 
Clinical Practice

The evidence presented herein consists of a 
cumulative experience gained from retrospective 
case series and prospective, noncontrolled phase 
I/II trials. There are no prospective, randomized, 
controlled trials comparing surgical resection to 
alternative modalities, nor comparing different 
surgical approaches (EPP vs. P/D) against one 
another. These shortcomings are inherent in the 
evaluation of a rare disease such as MPM. Addi-
tionally, it can be argued that randomized, con-
trolled trials may not be an appropriate standard 
of evidence by which to evaluate most surgical 
treatments, which necessarily rely on observa-
tional studies to show that standards of practice 
are safe and benefi cial. Thus, the above heteroge-
neity of evidence must be critically evaluated 
with full awareness of the biases intrinsic to the 
study design.

The data highlight MPM as an insidious, locally 
aggressive disease whose biological behavior can 
be assessed based on a limited number of known 
prognostic markers. Better prognosis is associ-
ated with epithelial histology, negative nodes, 
and negative microscopic margins. Extrapleural 
pneumonectomy has been shown to be a surgical 
procedure with acceptable risk of mortality and 
morbidity in high-volume centers, one that trades 
its aggressive approach and attendant risks for 
the hope of achieving maximal local tumor 
control and long-term survival under the aegis of 
a multimodality strategy. Extrapleural pneumo-
nectomy in a trimodality setting of adjuvant 
chemoradiation has been the best studied in the 
largest retrospective case series by Sugarbaker 
and coworkers.18 In this series, a patient subset 
has been identifi ed by prognostic markers to have 
a 5-year survival of nearly 50% after undergoing 
EPP and adjuvant chemoradiation.

One of the challenges in the treatment of MPM 
lies in incorporating pathological, genetic, or 
other tumor markers into the staging system so 
as to optimally stratify patients according to 
prognosis. Accurate staging leads to better patient 
selection for appropriate treatments. To improve 
patient selection, the use of preresectional nodal 
testing via mediastinoscopy, thoracoscopy, or 

TABLE 55.3. Eligibility criteria for extrapleural pneum-
onectomy.

Karnofsky performance > 70
Renal function: Creatinine < 2
Liver function: AST < 80 IU/L, total bilirubin < 1.9-mg/dL, PT < 15 s
Pulmonary function: Postoperative FEV1 > 0.8 L as per PFTs and 

quantitative V/Q scans
Cardiac function: Normal EKG and echocardiogram (EF > 45%)
Extent of disease: limited to ipsilateral hemithorax, with no transdia-

phragmatic, transpericardial, or extensive chest wall involvement

Abbreviations: AST, aspartate aminotransferase; EF, ejection fraction; 
EKG, electrocardiogram; FEV1, forced expiratory volume in 1 s; PFT, pul-
monary function tests;
PT, prothrombin time; V/Q, lung ventilation/perfusion quotient.
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laparoscopy will likely improve the sensitivity 
and specifi city of our current radiologic tools to 
detect extrapleural extension of disease. The key 
lies in fi nding the multimodality regimen that 
offers the maximal benefi t of local and systemic 
control with minimal toxicity and risk. New 
modalities will be instituted as the armamentar-
ium of chemomodulatory drugs and adjuvant 
delivery systems expands. However, consensus 
guidelines on how to standardize treatment will 
not be available in the absence of prospective, 
randomized controlled trials. On the basis of 
published data, EPP is an essential element of 
multimodality therapy for MPM in the setting 
of adequate cardiorespiratory reserve, careful 
pre-resectional surgical and radiographic staging, 
and epithelial subtype. This is based on a 2++ 
level of evidence and is given a B recommenda-
tion grade. Extrapleural pneumonectomy is likely 
not useful in the setting of poor functional status, 
sarcomatoid or mixed histology, mediastinal 
nodal involvement, and spread of disease beyond 
the pleural envelope. This is based on a 2++ level 
of evidence and granted with a B recommenda-
tion grade. 

enous or lymphangitic spread. Current local and 
systemic modalities are inadequate to effect a 
cure, and hence, the secondary goal of surgery is 
to improve the quality and duration of life. Extra-
pleural pneumonectomy offers the eligible patient 
the best chance for overall and disease-free sur-
vival. Treating a patient with P/D leaves a sub-
stantial residual tumor burden that lessens the 
effi cacy of adjuvant therapies. Because the time 
interval between treatment and death is propor-
tional to the number of viable tumor cells remain-
ing at the completion of therapy, the ability to 
achieve maximal cytoreduction is thought to be 
integral to the ability to extend survival. A host 
of innovative adjuvant therapies are currently 
being investigated and may hold the key to long-
term survival or cure for victims of this horrible 
disease, but it is unlikely that a single solution 
will work for all patients. Each of these modali-
ties has specifi c advantages in select subsets of 
patients. Ongoing clinical trials comparing the 
effectiveness of surgical cytoreduction in con-
junction with adjuvant treatment regimens are 
key to extending survival.

55.4. Present and 
Future Investigations

55.4.1. Hyperthermic Intracavitary 
Intraoperative Chemotherapeutic Lavage

The culprits of recurrent disease are thought to 
be (1) residual tumor cells from positive resection 
margins, (2) free intrathoracic cancer cells that 
have penetrated the pleura prior to resection, and 
(3) spillage of tumor at the time of resection.19–21 
In the 1990s, several groups began investigating 
the benefi ts of heated and unheated intracavitary 
or intraperitoneal chemotherapeutic lavage 
immediately after surgical debulking as a means 
of completing the cytoreductive process at micro-
metastatic levels. The role of intracavitary 
chemotherapy has been studied in a variety of 
malignancies and the results have been favorably 
reported in the literature.

In 1992, Markman and Kelson22 of Memorial 
Sloan-Kettering Cancer Center applied the 
concept of intraperitoneal lavage in patients with 
malignant peritoneal mesothelioma. Cisplatin 

Extrapleural pneumonectomy is an essential 
element of multimodality therapy for malig-
nant pleural mesothelioma in the setting of 
adequate cardiorespiratory reserve, careful 
pre-resectional surgical and radiographic 
staging, and epithelial subtype (level of evi-
dence 2++; recommendation grade B).

Extrapleural pneumonectomy is likely not 
useful in the setting of poor functional status, 
sarcomatoid or mixed histology, mediastinal 
nodal involvement, and spread of disease 
beyond the pleural envelope (level of evidence 
2++; recommendation grade B).

55.3. Personal View of the Data

The primary role of extrapleural pneumonec-
tomy in multimodality therapy for malignant 
pleural mesothelioma is to enable a macroscopic 
complete resection (MCR). Adjuvant therapy 
with local and systemic modalities is intended to 
eliminate micrometastatic disease that remains 
at local margins or as a consequence of hematog-



55. Treatment of Malignant Pleural Mesothelioma: Is There a Benefit to Pleuropneumonectomy? 457

and mitomycin were infused through a perito-
neal catheter after surgical debulking. Cisplatin 
(100 mg/m2) was given every 28 days and mitomy-
cin (5–10 mg) was given 7 days after each intra-
peritoneal cisplatin dose. No patient was able to 
tolerate more than fi ve courses because of disease 
progression or catheter failure. Although the 
median survival was only 19 months, there were 
a few long-term survivors. Four patients (21%) 
lived for more than 3 years and two were clini-
cally disease-free more than 5 years from the 
start of the intraperitoneal treatment.

In 1996, Alberts and colleagues presented a 
retrospective, randomized trial in which intra-
peritoneal cisplatin was administered to patients 
with stage III ovarian cancer after cytoreductive 
surgery.23 Estimated median survival was signifi -
cantly longer in the group receiving intraperito-
neal cisplatin (49 months) compared with the 
group receiving intravenous cisplatin (41 months). 
The Memorial Sloan-Kettering Cancer Center in 
New York has completed two studies of intrapleu-
ral chemotherapy following radical pleurectomy 
for MPM.24–26 The intrapleural chemotherapeutic 
regimen was cisplatin (100 mg/m2) and mitomy-
cin (8 mg/m2). This treatment was well tolerated, 
but the most common site of recurrent disease 
remained the ipsilateral hemithorax.

Tumor cells have a higher sensitivity to heat 
compared with normal cells.27 Hyperthermia 
increases cell permeability, alters the cellular 
metabolism, and increases the transport of drugs 
across cell membranes. Stehlin28 used hyperther-
mic melphalan to perfuse the limbs of patients 
with melanoma of the extremities. Five-year sur-
vival of 30 patients treated with hyperthermic 
melphalan was superior to the normothermic 
group (80% vs. 20%). These fi ndings have been 
confi rmed by Santinami and coworkers of the 
National Cancer Institute of Milan, Italy.29

Van Ruth and coworkers have used doxoru-
bicin and cisplatin in intraoperative heated 
chemotherapy for malignant mesothelioma.30 
Doxorubicin was able to penetrate into the inter-
costal muscle specimen. They determined that it 
was safe and had limited systemic side effects. 
Paul Sugarbaker of the Washington Cancer 
Institute investigated heated intraperitoneal che-
motherapy for peritoneal carcinomatosis of gas-
trointestinal malignancies.31

These studies and the work of Roberts,32 
Rusch,26 and others infl uenced the BWH/DFCI 
team to offer radical pleurectomy to patients 
unable to tolerate EPP in the context of a series 
of phase I and II trials designed to examine the 
effi cacy of surgical cytoreduction followed by 
intracavitary hyperthermic cisplatin lavage. A 
paper reporting the effi cacy of P/D with intra-
cavitary heated chemotherapy was recently pub-
lished.33 The EPP study is close to accrual.

55.4.2. Antifolate Antagonists

The molecular basis of MPM is not well under-
stood, but the key to fi nding therapies that will 
halt the progression of MPM lies at the molecular 
interface. The Thoracic Surgery Oncology Labo-
ratory at BWH has been using bioinformatics 
tools to analyze how gene expression is modifi ed 
in MPM tumors compared with normal lung and 
pleura. In one study, Bueno and colleagues iden-
tifi ed the human α-folate receptor as being highly 
expressed in 44 of 61 MPM tissues.34 Other inves-
tigators have noted that methotrexate, which 
blocks folate metabolism, has a signifi cant 
response in MPM.35 Two anti-folate–based che-
motherapy combinations emerged in 2000: peme-
trexed/cisplatin and raltitrexed/cisplatin. A phase 
I trial of pemetrexed/cisplatin showed objec-
tive responses in 5 of 11 patients (45%), while a 
phase I trial of pemetrexed/carboplatin showed 
responses in 9 of 29 patients (31%).35 A phase III 
multinational trial that randomized 456 patients 
with MPM to cisplatin with or without peme-
trexed showed response rates in 41% in the 
double-agent arm versus 17% in the cisplatin arm 
alone (p < 0.0001).36 Median survival was pro-
longed when pemetrexed was added (12 months 
vs. 9 months; p = 0.02). This evidence holds 
promise for a multimodality treatment protocol 
that may eventually incorporate the use of peme-
trexed in an adjuvant setting.36

55.4.3. Gene Ratios

Oligonucleotide and cDNA microarrays can be 
used to identify cancer-related genes in tumor 
tissues such as MPM; the expression profi les 
of these genes can be correlated with clinical 
parameters, including diagnosis and outcome. 
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Microarray data can often be diffi cult to interpret 
because of the complex statistical analysis 
involved, the number of samples needed to draw 
statistically signifi cant conclusions, and the 
quantity of RNA required. In 2002, Gordon and 
colleagues discovered gene expression ratios 
incorporating specifi c genes that could be useful 
in distinguishing between diagnosis of MPM and 
adenocarcinoma of the lung.37 These investiga-
tors used a training set of 32 discarded MPM and 
lung adenocarcinoma samples (n = 16 each) to 
identify fi ve and three highly expressed genes 
with reciprocal average expression levels in MPM 
and lung adenocarcinoma tissue, respectively. 
Expression data for these eight genes were used 
to calculate all 15 possible gene pair ratios by 
placing a MPM overexpressed gene in the numer-
ator and an adenocarcinoma overexpressed gene 
in the denominator. A diagnosis was then pre-
dicted by comparing each ratio value to a thresh-
old of 1. Ratios greater than 1 predicted MPM and 
ratios less than 1 predicted adenocarcinoma. 
These 15 pairs each proved to be between 
91% and 98% accurate at predicting the correct 
diagnosis of an additional 149 MPM and adeno-
carcinoma tumors. Accuracy was increased to 
95% to 99% by combining multiple gene pair 
ratios.

Gordon and colleagues have also used gene 
ratios to predict survival in MPM patients receiv-
ing standard BWH trimodality therapy. A four-
gene prognostic expression ratio test accurately 
predicted treatment-related patient outcome in 
MPM independent of histology.38 A recent study 
by the same group validated the concept of gene 
ratio–based prognostic tests in a cohort of 39 
tumor specimens obtained from patients receiv-
ing EPP and heated intraoperative intracavitary 
chemotherapy. New treatment-specifi c prognos-
tic genes and gene ratio–based prognostic tests 
identifi ed in this study were also highly accurate 
and statistically signifi cant when examined in an 
independent set of 52 tumors from patients 
undergoing similar treatment.38 In the future, the 
use of gene ratios could eventually elaborate the 
staging system so as to help stratify patients into 
treatment groups and optimize treatment strate-
gies. This novel test could also elucidate a mecha-
nistic pathway that predisposes tumors toward 

treatment failure, thereby pointing the way to 
new (neo)adjuvant therapies.
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56
Management of Myasthenia Gravis: Does 
Thymectomy Provide Benefit over Medical 
Therapy Alone?
Vera Bril and Shaf Keshavjee

56.1. Thymectomy: Background

Blalock introduced thymectomy as a therapeutic 
intervention for patients with MG prior to the 
days of controlled, randomized trials – fi rst in 
patients with thymoma, and then in those without 
this fi nding.6,7 Further clinical reports of the ben-
efi ts of thymectomy led to the acceptance of this 
procedure for patients with generalized MG as a 
standard of practice. Nonetheless, controversies 
surrounding thymectomy abound in the litera-
ture.8 Randomized, controlled trials, including a 
sham surgery arm, have not been done and as a 
result, some authorities question the benefi ts of 
thymectomy. Furthermore, the timing of thy-
mectomy, whether thymectomy should be done 
in young children,9 and the surgical approach for 
thymectomy8 are all matters of debate.

The benefi ts of thymectomy are inferred partly 
from the natural history of MG in prethymec-
tomy times. Up to one third of patients died 
during myasthenic crises prior to modern man-
agement of MG.10 This clinical course improved 
after thymectomy became widely applied. 
However, simultaneous changes in intensive 
care unit (ICU) care, ventilatory support, and the 
introduction of immunosuppressive therapy may 
have also contributed to the improved outcomes 
in MG, regardless of thymectomy. Thus, the evi-
dence for thymectomy is not grade A, but rather 
indirect and possibly misleading. Retrospective 
studies in children and adults suggest that 
patients undergoing thymectomy have higher 

Myasthenia gravis (MG) is a disorder caused by 
abnormal neuromuscular transmission and can 
be either congenital or acquired. Acquired MG is 
an autoimmune disease mediated by acetylcho-
line receptor antibodies (AChrab) or antibodies 
to muscle-specifi c tyrosine kinase (anti-MusSK 
antibodies) directed against the acetylcholine 
receptor region of the postsynaptic membrane. 
Blocking and accelerated degradation of acetyl-
choline receptors lead to impaired neuromuscu-
lar transmission. When the safety factor for 
normal neuromuscular transmission is exceeded, 
then clinical weakness is apparent.1,2 Myasthenia 
gravis has a predilection for the ocular and bulbar 
muscles, but generalized somatic muscle weak-
ness, particularly of proximal groups, is also 
common. Fatigable weakness is the hallmark of 
MG and the disorder is diagnosed by the clinical 
presentation, abnormal electrodiagnostic fi nd-
ings on single-fi ber electromyography and repet-
itive nerve stimulation tests, and elevated AChrab 
or anti-Musk antibodies in the patients’ sera.3

Abnormalities of the thymus gland are com-
monly found in patients with MG; thymoma is 
present in about 10% to 15% of patients4 and lym-
phoid follicular hyperplasia in about 70%.2 In 
older patients, normal involution of the thymus 
gland produces thymic atrophy. In addition to 
the thymic pathology present in many patients 
with MG, there exists substantial data from 
animal models supporting the immunopatho-
logical role of the thymus in the development of 
autoimmune MG.5
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remission rates than those who are managed 
medically.11–13 Remission rates in children during 
a 3-year follow-up were 40% for the thymectomy 
group compared to 15% for the medically 
managed group.13 In adults followed for about 20 
years, the rates were 35% of those who had thy-
mectomy compared to 7.5% who did not.12 In this 
study, computer matching was used to fi nd 80 
nonoperated control subjects in order to compare 
the outcome of medical management with 104 
patients who had thymectomy.

56.2. Thymectomy for Generalized 
Myasthenia Gravis

Despite current management that advocates the 
use of thymectomy for generalized MG with and 
without thymoma, the use of thymectomy in 
nonthymomatous MG remains controversial. In 
an effort to further examine the evidence for thy-
mectomy, Gronseth and Barohn reviewed 21 ret-
rospective thymectomy studies with 8490 patients 
from 1953 to 1998.14 Patients having thymectomy 
were two times more likely to experience improve-
ment than those who did not have this interven-
tion (level of evidence 1). Improvement was 
defi ned as medication-free remission, asymp-
tomatic on medications, or improved on medica-
tions. The median rates of each category of 
improvement were remission 25%, asymptomatic 
39%, or clinically improved 70%. This meta-
analysis highlighted the fi nding that most 
patients do not experience remission or achieve 
a completely asymptomatic state. Another study 
reported a multivariate analysis of prognostic 
factors in 756 patients with MG,15 and found that 
thymectomy was signifi cantly associated with 
remission, but the odds ratio was 1.6 (level of 
evidence 2++). Furthermore, the observation that 
the benefi ts of thymectomy are delayed with 25% 
achieving remission in the fi rst year, 40% by the 
end of the second year, and 55% in the third year16 
suggests that other factors in addition to surgery 
may contribute signifi cantly to the improvement 
observed after thymectomy. Currently, an inter-
national, randomized, multicenter study of 
whether trans-sternal thymectomy reduces cor-
ticosteroid requirements in patients with AChrab-
positive, generalized MG17 has been funded by 

the National Institutes of Health (NIH) and will 
start enrolling patients this year. The results of 
this study may answer the question of whether 
trans-sternal thymectomy reduces the require-
ment for immunosuppressive medication in 
patients with MG, that is, indicates reduced 
disease activity. The exclusion of AchRab-
negative patients in the study design may not be 
necessary18 and will limit the generalizability of 
the results. In an optimal study design, a sham 
surgery arm would be included to avoid bias in 
patient reporting or perceptions. Obviously, this 
will not likely be carried out as the sham surgery 
arm provides an ethical challenge due to the risks 
of anesthesia and surgery without benefi t to the 
patient, but this would provide the ultimate con-
vincing evidence of the benefi ts of thymectomy 
in patients with MG. Still, the balance of evidence 
currently favors thymectomy for generalized, 
nonthymomatous MG (recommendation grade 
B).

The balance of evidence currently favors thy-
mectomy for generalized, nonthymomatous 
MG (level of evidence 2; recommendation 
grade B).

56.3. Thymectomy: 
Special Considerations

Although the current consensus is to use thymec-
tomy for patients with nonthymomatous general-
ized MG, thymectomy in other patient groups, 
such as those with purely ocular MG, is much 
more controversial.19 Based on the immuno-
pathophysiology demonstrated in human and 
animal studies,20 there is a role for thymectomy 
in younger patients with ocular MG, but many 
clinicians would hesitate to recommend surgery 
for this cohort21 (level of evidence 3; recommen-
dation grade D). Another area of debate is the 
upper age limit for thymectomy. Because older 
individuals have thymic atrophy rather than 
hyperplasia, the use of surgery in this group does 
not appear to have the same theoretical basis as 
in younger patients. In addition, complications 
of thymectomy are likely to be greater in older 
patients. However, there are retrospective studies 
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reporting that thymectomy is safe in patients 
over age 60,22,23 and that 16% of those over age 60 
have thymic hyperplasia.22 Despite the reported 
safety of thymectomy in older subjects, in this 
series22 1 patient out of the elderly cohort of 25 
died compared to no deaths in the younger age 
group. Other retrospective series have shown that 
age does predict outcome in thymectomy for 
MG24 with lower response rates in older subjects. 
In the absence of thymoma, our current practice 
is generally not to recommend thymectomy for 
patients over age 60, similar to practice in other 
centers21 (level of evidence 3; recommendation 
grade D). At the other end of the age spectrum, 
thymectomy also is not recommended in very 
young children.13

56.4. Thymectomy: 
Surgical Approach

A fi nal area of controversy in thymectomy for MG 
is the preferred surgical approach. Some centers 
recommend maximal thymectomy (trans-sternal 
+ transcervical)25 to eliminate the gland and 
possible extra-anatomical thymic tissue as well, 
whereas other centers recommend trans-sternal 
thymectomy or the minimally invasive transcer-
vical thymectomy.26,27 A more recent surgical 
innovation is the modifi cation of this procedure 
with the introduction of video-assisted transcer-
vical thymectomy.28 The types of thymectomy 
have not been compared directly in any random-
ized study, but there is a school of thought that 
suggests that maximal thymectomy is preferred 
over more conservative approaches due to more 
complete resection of thymic tissue.8 The meta 
analysis of 21 retrospective studies showing a 
positive benefi t of thymectomy in patients with 
MG included all types of thymectomy approaches14 
(level of evidence 1−). Furthermore, relatively 
large case series have shown comparable remis-
sion and improvement rates in MG patients with 
different types of thymectomy27,28 (level of evi-
dence 3), thus it is not clear that the more exten-
sive thymectomy procedures are more effective 
(recommendation grade D). Statistical reshuf-
fl ing of crude data from different study reports 
may show different outcomes for different surgi-
cal interventions,8 but this type of reanalysis in 

itself may provide fl awed results and does not 
provide defi nitive evidence of the benefi ts of one 
surgical approach over another. Ideally, a ran-
domized trial of the different approaches would 
need to be done to address the issue of the most 
effective route for thymectomy. Such a study 
might be done in multiple centers with different 
centers undertaking their different preferred sur-
gical approaches, if the study patients could travel 
to whatever center the study randomization allo-
cated them. Currently, no such study is planned 
and there is no consensus on the optimal surgical 
approach.

The optimal thymectomy approach is still 
unknown; outcomes are comparable between 
aggressive and conservative minimally inva-
sive surgical approaches (level of evidence 3; 
recommendation grade D).

56.5. Outcome Measures in 
Myasthenia Gravis Studies

The outcome measures in MG have varied in dif-
ferent clinical trials. Most recently, efforts to 
standardize the assessment of MG have included 
the Quantitative Myasthenia Gravis Score (QMGS; 
Table 56.1).29,30 This scale of 39 points quantitates 
the various clinical defi cits observed in MG 
patients. Patients with milder degrees of MG have 
a score less than 10. A change of 3.5 units, or 
about 10% of the total scale, is considered to rep-
resent a clinically meaningful change on the 
QMGS.29 Taking into account the variability of 
the QMGS on repeat testing as well as the magni-
tude of change considered clinically meaningful, 
power analysis indicates that 44 patients are nec-
essary in a two-arm study to detect a treatment 
difference.29 The relatively small number of MG 
patients required when using this clinical scale 
makes clinical trials feasible. Many studies have 
used the modifi ed Osserman score that has the 
advantage of being simple, readily understood 
and has meaningful degrees of clinical change 
between categories26 (Table 56.2). The clinical rel-
evance of small changes in the QMGS is not as 
readily apparent as the relevance of changes in 
grade on the Osserman scale, but the QMGS score 



466 V. Bril and S. Keshavjee

is valid, and detects changes of smaller magni-
tude than the Osserman scale, and thus may con-
tribute to a better understanding of MG.30 The 
use of a standardized, reliable method to assess 
MG in clinical trials allows an accurate compari-
son of results across studies. Although the QMGS 
is refl ective of smaller degrees of clinical change, 
the concept of remission rate remains attractive 
as it is easy to understand and compare. One 

drawback to comparison of remission rates is in 
the fact that many authors defi ne remission dif-
ferently using, for example, complete remission, 
remission, and partial remission. This heteroge-
neity and the lack of a standardized statistical 
Kaplan–Meier analysis of remission rates prevent 
easy comparison of results from different studies.

56.6. Patient Population in 
Myasthenia Gravis Studies

The population of MG patients to be included in 
clinical trials is also a matter of debate. In general, 
homogeneity of the patient population enrolled 
in clinical trials is desirable to maximize chances 
of a favorable result, but this may be at the cost 
of generalizability of the results to the MG popu-

TABLE 56.2. Modified Osserman classification.

Score Details

0 Asymptomatic
1 Ocular signs and symptoms only
2 Mild generalized weakness
3 Moderate generalized weakness, or bulbar dysfunction, or both
4 Severe generalized weakness or respiratory dysfunction, or both

TABLE 56.1. Quantitative myasthenia gravis score.a

Grade

 None Mild Moderate Severe
Test item 0 1 2 3 Score

Double vision on lateral gaze right  61 11–60  1–10 Spontaneous
  or left (circle one), in seconds

Ptosis (upward gaze) in seconds 61 11–60  1–10 Spontaneous
Facial muscles Normal lid closure Complete, weak Complete Incomplete
 
Swallowing 4-oz. water (1/2 cup) Normal Minimal, coughing Severe, coughing, Cannot swallow
    or throat clearing   choking or nasal   (test not 
     regurgitation   attempted)
Speech after counting aloud from 1  None at 50 Dysarthria at 30–49 Dysarthria at Dysarthria at
  to 50 (onset of dysarthria   10–29 9
Right arm outstretched (90° sitting),  240  90–239 10–89 0–9
  in seconds
Left arm outstretched (90° sitting)  240  90–239 10–89 0–9
  in seconds
Vital capacity (# predicted) ≥80 65–79 50–64 <50
Right hand grip (kgW)
  Men ≥45 15–44  5–14 0–4
  Women ≥30 10–29 5–9 0–4
Left hand grip (kgW)
  Men ≥35 15–34  5–14 0–4
  Women ≥25 10–24 5–9 0–4
Head lifted (45° supine) in seconds 120  30–119  1–29 0
Right leg outstretched (45° supine)  100 31–99  1–30 0
  in seconds
Left leg outstretched (45° supine),  100 31–99  1–30 0
  in seconds
Total QMG score (range 0–39)

aThe QMG Score modified by Barohn et al.29
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lation, and perhaps not necessary depending on 
the particular question under study. For example, 
the presence of AChrab may help to confi rm the 
diagnosis of MG, but elimination of patients with 
seronegative MG from clinical trials begs the 
question of whether this group would respond to 
the treatment in question. Furthermore, patients 
with seronegative MG respond to immunomodu-
lation and thymectomy supporting the immuno-
pathogenic nature of their disorder.18,21 These 
patients are thought to have similar underlying 
immunopathophysiology, but that the immune 
attack is directed at different epitopes of the neu-
romuscular junctional complex. Thus, standard 
immunoassays for AChrab may not detect the 
pathogenic antibodies in such patients. Indeed, 
some AChrab seronegative patients have been 
demonstrated subsequently to have other anti-
bodies such as antiMusK31,32 and these patients 
also respond to immunotherapy.32 There is thus 
insuffi cient evidence to consider that this group 
of patients would be unresponsive to thymec-
tomy.33,34 Possibly other antibodies causing MG 
will be discovered in the future further compli-
cating study design or generalizability.

56.7. Conclusions

In summary, MG is an autoimmune disorder 
mediated by thymic immunopathology. Thymec-
tomy is a reasonable intervention given our 
current state of knowledge (evidence level 2+; 
recommendation grade B), but defi nitive ran-
domized clinical trials need to be done to dem-
onstrate the effi cacy of thymectomy in MG. The 
optimal thymectomy approach is still debatable, 
but outcomes appear to be comparable between 
aggressive and conservative minimally invasive 
surgical approaches27,28 (evidence level 3; recom-
mendation grade D). Given the lack of defi nitive 
randomized trials comparing the different types 
of thymectomy, the choice of surgical approach 
is dictated by that method having the lesser mor-
bidity, mortality, and cost.
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consistent with level 2 evidence studies.4 Results 
indicated an overall benefi t for patients undergo-
ing thymectomy versus medical treatment, with 
the following median relative rates associated 
with thymectomy: medication-free remission 2.1, 
asymptomatic 1.6, and improvement 1.7. Overall 
crude uncorrected results of patients undergoing 
thymectomy resulted in a median rate of remis-
sion of 25%, an asymptomatic state of 39%, and 
an overall improvement rate of 70%. However, 
signifi cant confounding differences in baseline 
characteristics of prognostic importance existed 
between thymectomy and nonthymectomy pa -
tient groups. The fi nal conclusion, based on the 
level of available evidence, was that the benefi t of 
thymectomy in nonthymomatous autoimmune 
MG has not been established conclusively, and 
that thymectomy is recommended as an option 
to increase the probability of improvement (level 
of evidence 2).

Perhaps one of the longest unresolved issues in 
thoracic surgery is the role of thymectomy in the 
treatment of myasthenia gravis (MG). Persistent 
questions and issues involve not only the surgical 
approach to thymectomy, but even the role of 
thymectomy itself in the treatment of myasthenia 
gravis. Many of these issues remain unclear 
because there is no level 1 evidence, and even 
level 2 evidence available to compare and analyze 
comparable study populations is limited. Results 
of many studies are as well not reported using 
appropriate Kaplan–Meier methodology, making 
analysis of the results even more challenging or 
ineffective.1 Additionally, myasthenia gravis is an 
entity in itself with varying degrees of severity, 
time courses, and self-remissions. Alfred Blalock, 
who pioneered and helped introduce thymec-
tomy for myasthenia gravis beginning in 1939,2 
was even noted in a comment in 1947 to show his 
doubts about the usefulness of thymectomy: “I 
thought we had an answer to the thymus in MG, 
but such does not appear to be the case”3; unfor-
tunately this prophetic statement is still relevant.

57.1. Published Data

57.1.1. Thymectomy Versus 
Medical Treatment

To help analyze the published literature on the 
role of thymectomy in MG, Gronseth performed 
an evidence-based review of thymectomy in non-
thymomatous MG between 1953 and 1998. In 310 
articles discussing MG and thymectomy, 28 arti-
cles, involving 8490 patients, were found to be 

The benefi t of thymectomy in nonthymoma-
tous autoimmune myasthenia gravis has not 
been established conclusively; thymectomy is 
recommended as an option to increase the 
probability of symptomatic improvement 
(level of evidence 2; recommendation grade 
B).

Thus, as we in the surgical community debate 
and analyze the actual different methods and 
techniques of thymectomy, the debate must be 
viewed in the context that conclusive evidence of 
the effi cacy of thymectomy is itself still lacking 
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many years after it was introduced as a therapeu-
tic modality. To help defi ne conclusively the role 
of thymectomy in nonthymomatous MG, a pro-
spective multi-institutional international trial, 
approved for funding by the National Institutes 
of Health (NIH), is planned to randomize patients 
to thymectomy versus medical treatment begin-
ning in 2006.5

57.1.2. Surgical Approaches to Thymectomy

The surgical approaches to thymectomy are 
varied and refl ect the desire to perform a com-
plete resection weighed against the magnitude 
and morbidity of the procedure. All approaches 
enable complete resection of the capsular thymus; 
what differentiates the approaches are the extent 
of peri-thymic mediastinal and cervical tissue 
that are excised. To help understand the different 
approaches to thymectomy and categorize the 
extent of resections the Myasthenia Gravis Foun-
dation of America (MGFA) has broadly classifi ed 
varying techniques of resection based on the 
operative approach and extent of surgical resec-
tion (Table 57.1).6,7 In the ever dynamic surgical 
fi eld, robotic approaches (T-2 a) as well as bilat-
eral thoracoscopic approaches (T-2 b) are evolv-
ing. Overall individual case series have reported 
data that support the validity and success of all 
the approaches; however, the lack of prospective, 
case controlled studies do not provide a signifi -
cant level of evidence that one thymectomy tech-
nique is superior.4

Given the lack of defi nitive case controlled and 
prospective studies, this evidence-based review 
will highlight selective studies that are reported 
by established centers in the long-term treatment 
of MG. All data presented represents level 2 evi-
dence. Additional literature review will examine 
the failure of thymectomy procedures, morbidity, 
and results of anatomical studies of the thymic 
resection. Simple comparison of reported remis-
sions rates and partial remission rates or improve-
ment can be and are misleading when evaluating 
treatment results. Many patients with MG will 
improve with time, thus any true refl ection of sur-
gical results should include time after thymec-
tomy. Unfortunately, the majority of the literature 
does not accommodate for time and are reported 
as simple crude calculations of remissions 
(improvement divided by the number of thymic 
resections). The best method for comparing and 
understanding results of the literature would be 
with life table analysis using the Kaplan–Meier 
method.8–10

57.1.1.1. Extended Trans-sternal Thymectomy

Akira Masaoka11 of Nagoya University in Japan 
and Alfred Jaretzki12 of Columbia University in 
New York have been amongst the most articulate 
and persistent leaders in regards to the role 
extended or complete thymectomy in myasthenia 
gravis. In 1996, Masaoka and colleagues reported 
a 20-year review of their experience with extended 
thymectomy for MG.11 This procedure involves 
en bloc resection of the anterior mediastinal fat 
tissue form phrenic to phrenic laterally and the 
diaphragm and the thyroid gland caudally and 
cephalad. All adipose tissues in this region is 
meticulously resected, including around the bra-
chiocephalic veins, thymus, and pericardium. 
Cervical neck dissection is performed via the 
sternotomy incision, but aggressive dissection 
near the recurrent nerves is avoided. In a cohort 
of 286 patients, remission rates in nonthymoma-
tous MG were 45.8% (5 years), 55.7% (10 years), 
and 67.2% at 15 years. Similar results have been 
consistently documented in other series of 
extended thymectomy. Analysis of multiple pub-
lications utilizing extended thymectomy consis-
tently fi nd pathological evidence of thymic tissue 
within the mediastinal fat out side the capsule of 
the primary thymus (Table 57.2).11–16

TABLE 57.1. Myasthenia Gravis Foundation of America (MGFA) 
thymectomy classification.6,7

T-1. Transcervical thymectomy
 a. Basic
 b. Extended
T-2. Videoscopic thymectomy
 a. VATS
 b. VATET
T-3. Trans-sternal thymectomy
 a. Standard
 b. Extended
T-4. Transcervical and trans-sternal thymectomy

There is insuffi cient evidence to determine 
which thymectomy technique is superior in 
the management of myasthenia gravis.
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57.1.1.2. Transcervical Thymectomy

Basic transcervical thymectomy (T-1a) as an alter-
native to trans-sternal thymectomy was intro-
duced on a large scale by Kirschner and colleagues 
in the late 1960s.17 However, widespread accep-
tance of the procedure only followed the introduc-
tion of a more extended and facilitated technique 
as presented by Cooper: “I do not like to get up and 
present a paper and look like a blithering idiot by 
telling people you can take out something through 
the neck when it is obvious to everybody that it is 
much easier to take it out through the chest.”18 
Utilizing a sternal retractor to improve visualiza-
tion and dissection of the thymus as well as peri-
thymic fat, a series of 65 patients were presented 
with a 52% crude complete remission rate. These 
remission results have been consistently repeated 
by other groups, including Defi lippi [50% relative 
risk (RR)],19 and Calhoun (44% RR),20 combined 
with reports of minimal morbidity and an median 
length of hospital stay of less than 1.5 days.21

57.1.1.3. Video-Assisted Thorascopic Surgery 
Thymectomy, Extended Video-Assisted Thora-
scopic Surgery Procedures Video-Assisted 
Thorascopic Extended Thymectomy

More recently, the evolution of videoscopic tech-
niques has enabled excellent visualization and 

minimally invasive techniques for thymic resec-
tion. Early results were initially presented by a con-
sortium of minimally invasive centers, describing 
the technique and safe encouraging initial results. 
Mack and colleagues22 described 33 thymectomies 
(either left or right VATS) performed at three insti-
tutions with an 18.6% RR at 23 months follow-up. 
Yim and colleagues recently presented the most 
comprehensive experience with VATS thymectomy 
in 38 patients at a single institution. In this limited 
study, a crude RR (CRR) of 22% was achieved and 
a 75% CRR was found as measured by Kaplan–
Meier survival curve.23 In an effort to mimic the 
approach of the maximal thymectomy as described 
by Jaretzki, Novellino has described the VATET 
approach24: video-assisted thorascopic extended 
thymectomy, utilizing a small cervical incision and 
then bilateral thorascopic approach. In a very well-
controlled level 2a series presented by Mantegazza, 
159 patients underwent VATET, and at 6 years the 
CSR by life table analysis was 50.6%.25

57.1.1.4. Morbidity and Failures

Results of the evidence-based review by Gorsenth 
indicate a remarkably low mortality rate for any of 
the currently used procedures.4 Peri-operative 
mortality rates were found to be higher prior to1970, 
but after that time reported rates were found to 
consistently less than 1%. Additionally, with present 
day techniques of extended trans-sternal thymec-
tomy, particularly with special attention to avoid-
ance of injury to the recurrent nerves, morbidity 
rates for the methods are not signifi cantly different. 
What is clear is that patients undergoing transcer-
vical and thoracoscopic thymectomy procedures 
can be discharged earlier and have earlier return to 
daily activities and function. Importantly, limited 
but important data document the failure of initial 
thymectomy secondary to retained thymic tissue 
missed at initial exploration (Table 57.3).26–29

TABLE 57.2. Extent of thymic tissue recovered in peri-thymic 
mediastinal fat tissue.

Reference Surgical approach Extracapsular thymic tissue

Jaretzki11 Maximal 50 patients (98%)
Masaoka12 Extended 18 patients (72%)
Zielinski13 Extended 58 patients (56.0%)
Ashour14 Extended 38 patients (39.5%)
Scelsci15 VATET 27 patients (37%)
Mineo16 VATS 31 patients (32%)

Abbreviations: VATET, video-assisted thorascopic extended thymectomy; 
VATS, video-assisted thorascopic surgery.

TABLE 57.3 Surgical resection of persistent thymic tissue after initial thymectomy.

   Pathological thymus  Myasthenias
Reference No. patients Original procedure found at resection improvement

Henze26 20 Transcervical 20/20 19/20
Masaoka27  6 Transcervical 6/6 3/6
Miller28  6 Transcervical (3) 5/6 5/6
  Basic trans-sternal (3)
Rosenberg29 13 Transcervical 11/13  6/13
Zielinski13 21 Transcervical (19) 17/21 Not reported
  Trans-sternal (2)
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57.2. Summary of Published Data

Unfortunately, it is clear that many answers and 
approaches to the treatment of MG remain unde-
fi ned based on a critical analysis of the data. 
Although there is no level 1 evidence supporting 
the role of thymectomy in MG, a preponderance 
of level 2 evidence supports the role of thymec-
tomy in the treatment paradigm of MG. However, 
recent NIH support for a randomized trial of 
medical therapy versus thymectomy in the treat-
ment of MG highlights the uncertainty of the evi-
dence to date. In terms of the different surgical 
approaches to thymectomy, the literature does 
not defi nitively support any one particular surgi-
cal procedure. This must be interpreted in the 
context of the preponderance of data being 
reported as crude data in generally small single-
center experiences. These equivocal results must 
be weighed against clear pathological evidence 
of extracapsular thymic tissue in the majority 
of patients and limited but defi ned reports of 
retained thymic tissue being the cause of some 
initial surgical failures. Thus some form of com-
plete thymectomy should be the goal of any sur-
gical approach, and this has been shown to be 
feasible by all the approaches described.

57.3. Personal View and 
Clinical Practice

I strongly believe that the evidence to date sup-
ports the role of thymectomy in the treatment of 
MG. This recommendation and practice is bol-
stered by the modern day ability to perform the 
procedure with a very low morbidity and mortal-
ity, thus fulfi lling the basic surgical tenant of risk 
versus benefi t. Given that recommendation and 
practice, I clearly understand the limits of the 
data to date, and would support the randomized 
trial of thymectomy versus medical therapy. But, 
as with any trial, I would have to bow to some of 
my biases, and would be reluctant to enter patients 
into the trial who present with signifi cant respi-
ratory failure. In terms of surgical approach, my 
bias is toward some type of maximal or extended 
thymectomy. I believe this can be accomplished 
best by sternotomy or by bilateral VATS with pos-
sible cervical exploration. However, this practice 

paradigm must be viewed with the understand-
ing that the published results to date do not 
clearly support any one particular approach and 
transcervical and unilateral VATS resection are 
used by many accomplished thoracic surgeons.

In the fi nal analysis, the onus is on the thoracic 
surgical community to investigate the potential 
surgical benefi t of thymectomy in MG. This 
benefi t, if proven, will allow us to proceed with 
further studies to best defi ne the appropriate and 
perhaps best approaches to resection as well as 
refi ne indications in terms of symptoms and 
timing of surgery. I thus would encourage and 
support the impending trial of thymectomy 
versus medical therapy in the treatment of MG.
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58
Management of Residual Disease after 
Therapy for Mediastinal Germ Cell Tumor 
and Normal Serum Markers
Luis J. Herrera and Garrett L. Walsh

cult, and the indication and timing for surgery is 
tailored to the individual patient and tumor 
biology. Given the rarity of this disease, the lit-
erature consists of retrospective series accumu-
lated over several decades in selected high-volume 
centers. Due to the lack of controlled trials, defi n-
itive recommendations for the management of 
mediastinal germ cell tumors are based on these 
small case series only. Furthermore, patient 
diversity in terms of the extent of disease makes 
cohort studies or controlled trials diffi cult.

This chapter focuses on the management of 
PMNSGCT, with a focus on the role of surgery for 
the treatment of residual disease after chemo-
therapy with normalization of serum tumor 
markers, based on the best available evidence to 
date. Other histological types of germ cell tumors 
often occur in the mediastinum, including tera-
toma, seminoma, and metastatic gonadal germ 
cell tumor. This chapter primarily focuses on the 
management of the primary tumors of the medi-
astinum of nonseminomatous histology.

58.1. Clinical Evidence: Surgical 
Management of Primary Mediastinal 
Nonseminomatous Germ Cell Tumors

Primary mediastinal nonseminomatous germ 
cell tumors are the most malignant subgroup of 
germ cell tumors, with poor prognosis despite 
aggressive therapy. PMNSGCT are classifi ed as 

Primary mediastinal nonseminomatous germ 
cell tumors (PMNGCT) are rare, representing less 
than 6% of all germ cell tumors (GCT) and 10% 
to 20% of all anterior mediastinal masses.1,2 These 
tumors can be biologically aggressive, with 
regional involvement of adjacent structures 
and a high metastatic potential. The biology of 
extragonadal GCT is often different than their 
gonadal counterparts, despite having similar his-
tological features (Table 58.1).3,4

Due to the aggressive behavior of these tumors, 
a multimodality approach is the most effective 
treatment strategy. Controversy still exists 
regarding the optimal chemotherapy regimen 
and the timing and indications for surgical inter-
vention. One complex feature of PMNSGCT is the 
unpredictability of tumor response to induction 
treatment when based solely on radiographic 
evaluation and serum tumor marker analysis. In 
resected specimens after chemotherapy, tumors 
may exhibit extensive necrosis, teratoma, persis-
tent malignant cells, or malignant transforma-
tion, regardless of the serum tumor marker status 
and the radiographic tumor response in imaging 
studies.5–8

Signifi cant advances have occurred in the 
treatment of germ cell tumors over the past 30 
years using multimodality therapy, with high 
chemotherapy response rates and dramatic 
improvement in long-term survivors. In most 
cases, surgical resection of residual disease still 
plays an important role in the overall manage-
ment of these patients. The decision to resect 
residual disease after chemotherapy can be diffi -
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poor prognosis germ cell tumors by the Interna-
tional Germ Cell Cancer Collaborative Group 
consensus classifi cation based solely on the medi-
astinal location and regardless of any other 
variable.9

After confi rmation of the diagnosis with serum 
tumor markers and, if possible with tumor biopsy, 
chemotherapy is the fi rst-line treatment modality 
for these malignancies. Initial surgical resection 
or debulking of anterior mediastinal NSGCT are 
not indicted because it rarely achieves complete 
resection due to the infi ltrative nature of these 
tumors. This will also have the negative conse-
quence of delaying the initiation of chemother-
apy. Cisplatin-based chemotherapy is standard 
induction therapy. First-line therapy usually con-
sists of a combination of cisplatin with etoposide 
and bleomycin (BEP).2 The response rates after 
chemotherapy for PMNSGCT are much lower 
than for the testicular malignant germ cell tumors. 
Serum tumor markers (STM) consist of α fetopro-
tein (AFP), β-human chorionic gonadotropin (β-
HCG), and lactate dehydrogenase (LDH). They 
are elevated in up to 90% of patients with 
PMNSGCT.10 Normalization of STM after chemo-
therapy occurs in approximately 45% to 90% of 
patients, with other patients demonstrating per-
sistently elevated tumor markers and persistent 
disease in the mediastinum.6,11 Normalization of 
STM is not necessarily associated with a complete 

radiographic resolution of the mediastinal mass 
because persistent viable tumor, residual tera-
toma, or necrosis can still be present in the medi-
astinum after induction therapy with marker 
stabilization or normalization.8

After chemotherapy, the stage of the disease is 
reassessed with repeat imaging and STM. Patients 
may either have: (1) complete radiologic and sero-
logic response; (2) complete serologic response 
but with a residual mediastinal tumor; (3) growth 
of the tumor with normalization of STM; or 
(4) growth of tumor with persistently elevated 
markers. Surgery is felt to play an important role 
in groups 2 and 3, but perhaps is less warranted 
in groups 1 and 4. Surgery can be an adjunct to 
chemotherapy to achieve a complete response 
and it can also evaluate the nature and viability 
of residual masses in order to guide further 
therapy. In addition, the resection of residual 
teratomatous elements halts tumor growth and 
minimizes possible future complications related 
to growing teratoma syndrome with tumor com-
pression or invasion of vital structures.

Because of the rarity of these tumors, no con-
trolled or randomized clinical trials are available 
and perhaps will never be performed. The litera-
ture regarding PMNSGCT consists of case series 
reviewed retrospectively over decades (Table 
58.2). Nevertheless, important points can be 
gathered from the available literature in order 
to base clinical decisions. Based on the reported 
literature, the ideal candidate with PMNSGCT 
for surgical resection has normalization of STM 
after fi rst-line chemotherapy, has a residual and 
resectable mediastinal mass on imaging, has 
no evidence of extramediastinal metastatic dis-
ease, and has good performance and physiologic 
status (Figure 58.1). Nevertheless, many patients 
evaluated for surgery after fi rst-line chemother-
apy do not fulfi ll these criteria but may still 
benefi t from surgical resection. Several factors 
must be considered prior to surgery after 
the completion of fi rst-line chemotherapy: (1) the 
radiographic response to chemotherapy; (2) the 
level of serum tumor markers; (3) the presence 
of extramediastinal metastatic disease; (4) the 
extent and resectability of the residual tumor; 
and (5) the physiological reserve of the patient 
and estimated morbidity of the planned 
operation.

TABLE 58.1. Pathological classification of primary mediastinal 
germ cell tumors.

Teratomatous tumors
Benign
  Mature teratomas (well differentiated, mature elements; benign)
  Immature teratomas (immature mesenchymal or neuroepithelial 
    tissue)
Malignant
  Teratoma with additional malignant components (germ cell 
    elements, epithelial cancer, sarcoma)

Nonteratomatous tumors
  Seminomas
  Nonseminomatous
    Yolk sac tumors
    Embryonal carcinomas
    Choriocarcinomas
  Mixed nonseminomatous and seminomatous tumor

Source: Modified from Moran et al.4
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Anterior mediastinal mass

STM+/– core biopsy

PMNSGCT

First line platinum based chemotherapy

STM: normal

STM: elevated, 
trend down

STM: elevated, trend up

STM: elevated, no improvement

Second line chemotherapy

Imaging: CR

Observe

Recurrence

Unresectable disease

Salvage chemotherapy
Necrosis Teratoma

Resection

Malignant transformation
Viable NSGCT

Salvage chemotherapy

Unresectable, progressive diseaseResectable mediastinal disease

Observe Adjuvant chemotherapy

Imaging: PR Imaging: SD or PD
Growing teratoma

FIGURE 58.1. Algorithm for management of PMNSGCT.

TABLE 58.2. Summary of published series of PMNSGCT treated with chemotherapy followed by surgery of residual disease.

References PMNSGCT (n) Year Patients resected n (%) Preoperative NL STM Overall survival Level of evidence

Schneider15  47 1987–2002   47 (100%)  21 (45%) 3 year, 30% 4
Takeda19   8 1986–2000   7 (87%)   7 (100%) 5 year, 43% 4
Bokemeyer11 287 1975–1996 145 (49%) 124 (45%) 5 year, 45% 4
Vuky7  49 1979–1999  32 (65%)  19 (59%) 2 year, 40% 4
Ganjoo5  75 1983–1997  62 (82%)  44 (70%) 5 year, 48% 4
Walsh6  20 1993–1998  11 (55%)  10 (91%) 2 year, 68% 4
Kesler8  92 1981–1998  79 (86%)  50 (63%) 5 year, 56% 4
Bacha21  14 1979–1995   6 (43%)   8 (57%) 5 year, 48% 4
Hidalgo20  27 1978–1995   6 (22%) na 5 year, 31% 4
Lemarie22  64 1983–1990  22 (49%) na 2 year, 53% 4
Gerl16  12 1981–1994   12 (100%) na 5 year, 56% 4
Wright10  28 1976–1988  16 (57%)  22 (78%) 5 year, 57% 4

Abbreviations: na, not available; NL STM, normalization of serum tumor markers; PMNSGCT, primary mediastinal nonseminomatous germ cell tumor; 
Rec, level of recommendation.
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58.1.1. Radiographic Response 
to Chemotherapy

After completion of chemotherapy, repeat 
imaging is obtained to reassess the extent of 
residual disease. In radiographic complete 
response with no residual tumor, observation 
alone is indicated. Patients with a partial response 
and residual resectable tumor can then be con-
sidered for surgery, particularly if STM have nor-
malized. For patients with stable disease or 
disease progression that does not appear to be 
completely resectable, consideration to further 
chemotherapy is warranted.

58.1.2. Level of Serum Tumor Markers

The impact of STM levels at the time of surgical 
intervention for patients with PMNSGCT who 
have had fi rst-line induction chemotherapy has 
not been well studied, but several case series have 
illustrated important points in the management 
of this disease.

Vuky and colleagues from Memorial Sloan-
Kettering Cancer Center published a retrospec-
tive study of 32 patients with PMNSGCT who 
underwent surgical resection over a 20-year 
period.7 After induction chemotherapy, normal-
ization of STM occurred in 19 of the 32 patients 
(59%), but having an elevated STM level at the 
time of surgery did not exclude patients for resec-
tion. Patients with normal STM had less residual 
viable tumor (56% vs. 77%). However, in patients 
with persistently elevated STM, a complete surgi-
cal resection was achieved in 10 patients (77%). 
There was a trend towards decreased survival in 
patients with increasing STM at the time of 
surgery compared with patients with STM 
normalization (p = 0.09). Similarly, in our study 
at M.D. Anderson Cancer Center, all patients 
resected postchemotherapy had normalization 
of STM, and the one patient with persistent 
elevation had rapid progression of disease 
postoperatively.6,7

In another study, Kesler and colleagues 
reported a retrospective review of 92 patients 
with PMNSGCT, 79 of whom underwent surgery 
after platinum-based chemotherapy over a 16-

year period.8 Levels of STM normalized in 50 
of the 79 patients (63%), with those patients 
who had normal levels at the time of resection 
having decreased incidence of viable NSGCT in 
the resected specimen when compared with 
patients with elevated STM (18% vs. 52%). On 
multivariate analysis, a signifi cantly elevated 
AFP level (>1000 ng/mL) after fi rst-line chemo-
therapy showed an associated relative risk of 
death of 6.5 [95% confi dence interval (95% CI), 
1.3–33.2; p = 0.03), however, AFP levels less than 
1000 ng/mL had no apparent signifi cant impact 
on survival.

It is unclear from the reviewed literature what 
is the optimal timing and role of surgery in a 
patient who has persistent elevation of STM after 
fi rst-line chemotherapy. Several factors must be 
considered: (1) the absolute level and trend of 
STM elevation; (2) the resectability of the residual 
tumor; (3) the radiographic response; and (4) 
the feasibility of further chemotherapy cycles or 
alternate agents. It is important to consider that 
the outcome of patients treated with salvage che-
motherapy due to residual disease after fi rst-line 
therapy is poor, with long-term survival attain-
able in less than 7% of patients.12 Such dismal 
results would favor surgical resection of residual 
tumor in selected patients, despite persistently 
elevated STM.

58.1.2. Impact of Extramediastinal 
Metastatic Disease

Patients with PMNSGCT often present with meta-
static disease outside the mediastinum. As many 
as 15% to 65% of patients can have distant disease 
in the liver, bone, spine, brain, and lungs.6,7,13,14 
Intuitively, it would seem that patients with meta-
static disease would fare much worse than patients 
with isolated medi astinal masses, but this has 
been varably described. In a study by Ganjoo and 
colleagues, of the 75 patients with PMNSGCT, 19 
(25%) had visceral metastasis at the time of pre-
sentation.5 Five-year disease-free survival was 
37% for patients with metastatic disease versus 
55% for patients without metastases (p = 0.042). 
Trends towards decreased survival in patients 
with metastatic disease has been reported in other 
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studies, but statistically signi fi cant differences 
have not been consistently found.6–8,10,15

Patients with elevated STM after induction 
therapy who also present with extramediastinal 
disease present a particular challenge for sur-
geons. If the mediastinal disease is the most fea-
sible site to resect or if it is causing local 
compression symptoms, it is reasonable to 
proceed with resection of the mediastinal tumor 
to assess tumor viability and guide further 
therapy for the other extramediastinal lesions. 
All disease that is amenable to resection, includ-
ing lung metastases, should be resected subse-
quently or concomitantly. In cases of widespread 
metastatic disease, surgery is at times indicated 
as a means for tissue procurement to establish the 
histology of residual disease in order to guide 
further therapy. The most accessible or the most 
symptomatic site of disease is surgically resected. 
If possible, an aggressive approach with resection 
of metastatic sites is performed if the estimated 
morbidity is acceptable.

58.1.4. Resectability and Extent 
of Resection

Surgical resection of mediastinal germ cell 
tumors can be challenging. These tumors tend to 
develop an intense desmoplastic reaction, obscur-
ing all tissue planes, and making safe dissection 
around vascular structures, lung, and cardiac 
chambers diffi cult. If the disease is completely 
resectable, en bloc resection of the mass and any 
invaded structures is performed, including resec-
tion of vascular structures, a phrenic nerve, lung, 
partial cardiac chambers, and chest wall. At 
times, en bloc resection of these tumors is not 
feasible due to encircling of both phrenic nerves, 
or involvement of multiple mediastinal struc-
tures. In some cases, bisecting the tumor allows 
safer access to the thoracic great vessels for better 
vascular control and delineation of the anatomy. 
Some authors recommend four quadrant epicen-
ter biopsies with frozen section evaluation, and 
if no viable tumor is present, near total endole-
sional resection with preservation of lung, 
phrenic nerves, and vascular structures is per-
formed.8 If at all possible, every effort should be 
made to preserve lung parenchyma because many 

of these patients have limited pulmonary reserve 
secondary to bleomycin toxicity.

58.1.5. Physiological Reserve and 
Estimated Morbidity

A careful physiological evaluation is performed in 
these patients, who, although young, can have sig-
nifi cant compromise in their respiratory function 
due to chemotherapy-related toxicity. Complete 
pulmonary function testing including ventilation/
perfusion scans and evaluation of diffusion capac-
ity (DLCO) is necessary. The risk of the planned 
operation is assessed based on the patient’s per-
formance status, comorbidities, and functional 
reserve. These patients often develop a persistent 
postoperative sinus tachycardia that is not related 
to their volume status, hemoglobin, or pain level 
which may take several days to resolve.

58.1.6. Prognosis and Impact of 
Postresection Tumor Histology

One of the most interesting aspects of the biology 
of PMNSGCT is the diversity of histological fea-
tures and the capacity for cellular transformation 
after chemotherapy. It has been shown that the 
histology of the residual mediastinal mass is an 
important predictor of survival and disease 
recurrence. The histology in the pathology of the 
resected masses may reveal necrosis (24%–27%), 
residual teratoma only (35%–45%), viable NSGCT 
(10%–26%), or malignant transformation to car-
cinoma or sarcoma (5%–10%).5,6,8 Patients with 
necrosis have an excellent survival (mean, 139 
months), compared to an intermediate survival 
of patients with teratoma (mean, 111 months), 
and the decreased but still acceptable survival of 
patients with residual malignant NSGCT (mean, 
52 months). Malignant transformation into 
sarcoma has the worst prognosis with few patients 
alive past 57 months (Figure 58.2).8 Current rec-
ommendations support the addition of adjuvant 
chemotherapy for patients with residual viable 
tumor in the resected specimen consisting of at 
least two cycles of chemotherapy. The fi nding of 
malignant transformation to an epithelial histol-
ogy or to a sarcoma warrants a change in chemo-
therapy regimens.
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58.2. Current Evidence-Based 
Management of Primary Mediastinal 
Nonseminomatous Germ Cell Tumors

Overall, PMSCGCT have a poor prognosis 
when compared with testicular NSGCT; however, 
important advances have been made in the man-
agement of these aggressive malignancies. Due to 
the rarity of these tumors, few centers have accu-
mulated signifi cant experience with this disease, 
and prospective trials are not available to gener-
ate clear recommendations for treatment. With 
multimodality therapy, including resection of 
residual masses after chemotherapy, 5-year sur-
vival rates of 30% to 57% can be achieved (Table 
58.2).5–8,11,15–23

Defi nite improvements have been made over 
the last two decades with the addition of cispla-
tin-based chemotherapy and surgical resection of 
residual disease, with much higher rates of long-
term survivors. Due to limited number of cases, 
the basis for current practice is derived from 
small case series reported to date (Figure 58.1).

58.2.1. Surgical Resection of 
Residual Tumor after Completion of 
Initial Chemotherapy

Once initial chemotherapy is completed, evalua-
tion of response is performed. There is enough 
literature available to support the role of surgical 

resection of residual mediastinal disease after 
induction therapy; however, the level of evidence 
is low due to retrospective studies of small 
number of patients in several series accumulated 
over many years. Normalization of STM is indic-
ative of a good response and it seems clear that if 
the disease is resectable, surgery should be per-
formed in physiologically fi t patients with iso-
lated mediastinal tumors (level of evidence 4; 
recommendation grade C). Patients with STM 
levels that decrease, but remain elevated, after 
initial chemotherapy display a trend of decreased 
survival after resection but some authors still 
recommend resection due to the low specifi city of 
STM elevation and the poor results of salvage or 
second line chemotherapy (level of evidence 4 to 
5; insuffi cient data to make a recommendation).7,8
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FIGURE 58.2. Kaplan–Meier survival curve based 
on postoperative pathological category. Numbers 
represent the patients at risk for death. (Reprinted 
from Kesler KA, Rieger KM, Ganjoo KN, et al. Primary 
mediastinal nonseminomatous germ cell tumors: the 
influence of postchemotherapy pathology on long-
term survival after surgery. J Thorac Cardiovasc Surg 
1999;118:692–700, with permission from Elsevier.)

Normalization of serum tumor markers is 
indicative of a good response to systemic 
therapy; if the residual disease is resectable, 
surgery should be performed in physiologically 
fi t patients with isolated mediastinal tumors 
(level of evidence 4; recommendation grade C).

Patients with serum tumor marker levels 
that remain elevated after initial chemother-
apy display a trend of decreased survival after 
resection; resection may be appropriate due to 
the poor results of salvage or second-line che-
motherapy (level of evidence 4 to 5; insuffi -
cient data to make a recommendation).
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The resectability of disease is important, and 
a complete resection of the disease is the goal and 
may require en bloc resections of vascular struc-
tures, phrenic nerve, adjacent lung, and chest 
wall, but this must be balanced against the 
morbidity associated with extensive resections. 
Extended resections including pneumonecto-
mies, bilateral phrenic nerves, recurrent laryn-
geal nerves, or multiple vascular structures 
should not be performed, particularly if only 
teratoma or necrosis is found on tumor intra-
operative biopsy, as advocated by Kesler and 
colleagues.8 Patients who have other sites of 
metastatic disease, including lung, brain, spine, 
and liver, should also be considered for resection 
or further chemotherapy, especially if the medi-
astinal mass has evidence of viable tumor.

58.3. Clinical Evidence Versus 
Practice: Current Standard of Care 
and Clinical Trends in the 
Management of Primary Mediastinal 
Nonseminomatous Germ Cell Tumors

The patient with an anterior mediastinal mass 
and suspected germ cell tumor requires confi r-
mation of the diagnosis in most cases. In an 
emergent situation, initiation of therapy based 
on STM elevation alone is adequate, but when-
ever feasible, core biopsy of the tumor has a high 
yield for histological confi rmation. Baseline pul-
monary function tests and laboratories and a 
search for metastatic disease are performed. The 
initial management of PMNSGCT consists of 
induction chemotherapy, disease restaging with 
STM, and repeat imaging and surgical resection 
of residual mediastinal masses. However, there is 
signifi cant variability between patients and 
extent of disease, making standardized patient 
selection for surgery diffi cult. Clinical judgment 
and discussion in a multidisciplinary conference 
helps defi ne which patients would benefi t from 
resection. The decision of when to proceed with 
surgical resection will depend on the overall 
status of the patient and the availability of further 
chemotherapy at individual institutions.

The surgical approach is most commonly via a 
sternotomy, sternotomy with ipsilateral thora-

cotomy (hemi-clamshell), or bilateral anterior 
thoracosternotomy (clamshell), depending on 
tumor features and location. If the tumor cannot 
be completely resected en bloc, intraoperative 
biopsies with near complete resections is accept-
able for nonmalignant tumors. Judicious use of 
intravenous fl uids and low oxygen concentra-
tions can help minimize pulmonary complica-
tions in these patients.

Signifi cant improvements have occurred in the 
management of this disease, but the outcomes 
of patients with progression or recurrence of 
disease is poor. Several unanswered questions 
remain. Multi-institutional trials may be needed 
in order to developed a more standardized staging 
system and better defi ne the role and timing 
of surgery, in particular for those patients with 
metastatic disease and persistently elevated STM. 
Improvement in salvage chemotherapy regimens 
would likely have a signifi cant impact in the 
overall outcome of these patients. Subsequent 
development of hematogenous malignancies, 
in particular acute megakaryocytic leukemia, 
also limits long-term survival in some of these 
patients after they have overcome their initial 
malignancy, and better understanding and treat-
ment of this process will likely improve outcomes 
as well.
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59
Management of Malignant 
Pericardial Effusions
Nirmal K. Veeramachaneni and Richard J. Battafarano

The majority of patients presenting with symp-
tomatic pericardial effusion express dyspnea, 
cough, chest pain, fever, or edema.1 The presence 
of clinical tamponade, characterized by tachy-
cardia, hypotension, and jugular venous disten-
sion, is variable in different series. Although 
pericardial effusions are often identifi ed on 
computed tomography (CT) scans of the chest, 
transthoracic and transesophageal echocardiog-
raphy allows accurate assessment of the hemody-
namic signifi cance of the effusion. Right atrial or 
right ventricular compression during diastole, 
decreased left ventricle fi lling with inspiration 
leading to altered mitral valve mechanics, and 
persistent dilatation of the inferior vena cava 
with lack of respiratory variation suggest hemo-
dynamic compromise and tamponade physiol-
ogy.2,3 Pericardial effusions may be the result of 
a variety of causes. The most common causes of 
pericardial effusions in developed nations are 
malignancy, postpericardiotomy, and autoim-
mune processes. In contrast, tuberculosis and 
uremia are more common causes worldwide.1

In determining the optimal therapy for a peri-
cardial effusion, the surgeon must consider 
the value of obtaining an accurate diagnosis, the 
durability of the intervention, and the long-term 
prognosis of the patient. There have been no ran-
domized studies evaluating the optimal diagnos-
tic or therapeutic interventions to deal with this 
common problem. The available studies not only 
lack randomization of treatments, there have 
been no standardized treatments, and no consis-
tent follow-up. However, available reports on the 
experiences of treating large numbers of patients 

The optimal treatment of patients with symp-
tomatic pericardial effusion remains controver-
sial. The goals of treatment are complete drainage 
of the effusion and acquisition of tissue and fl uid 
for pathological analysis and microbiologic 
culture. Ideally, this should be performed using 
a method with minimal morbidity and a low risk 
for recurrence of the effusion. Therapeutic 
options include pericardiocentesis, percutaneous 
catheter drainage, open subxiphoid pericardial 
drainage (with or without the creation of a peri-
cardioperitoneal window), and transthoracic 
drainage with creation of a pericardiopleural 
window. The choice of drainage procedure is sig-
nifi cantly infl uenced by the physiological reserve 
of the patient and the need for a defi nitive diag-
nosis of the cause of the effusion.

The most likely cause of the pericardial effu-
sion can often be determined by the patient’s 
clinical history. Patients recovering from a 
myocardial infarction or recent cardiac proce-
dure frequently develop transient effusions 
that respond to nonsteroidal anti-infl ammatory 
agents and drainage of the effusion is not 
required. Pericardial effusions that develop in 
patients recently diagnosed with locally advanced 
or metastatic carcinoma are often a result of met-
astatic disease in the pericardium. In these cases, 
expedient drainage of the effusion by subxiphoid 
catheter drainage is often performed. However, a 
signifi cant number of pericardial effusions occur 
in patients in whom the etiology is unclear. In 
these patients, the need for an accurate diagnosis 
will often infl uence the treatment strategy 
selected.
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with this problem provide useful information 
for determining the optimal diagnosis and treat-
ment of pericardial effusions.

59.1. Patients with Malignant 
Pericardial Effusions Have 
Limited Survival

The optimal treatment of symptomatic malignant 
pericardial effusions is especially controversial 
due to the poor median survival (8–12 weeks) of 
patients reported in many series.4–7 Case series 
and reports of single-institution experiences 
utilize an array of interventions including peri-
cardiocentesis, pericardiocentesis with catheter 
drainage, balloon pericardiostomy, subxiphoid 
pericardial pericardiotomy, and video-assisted 
thorascopic approaches. The majority of the 
available literature focuses on two techniques: 
percutaneous catheter drainage and creation of a 
surgical subxiphoid pericardial pericardiotomy. 
The discussion will focus on these two approaches 
because they are readily available at many institu-
tions and are the most widely utilized.

59.2. Diagnosis of Malignant 
Pericardial Effusion

Malignant pericardial effusions may be the result 
of direct tumor invasion into the pericardium, or 
by involvement of the mediastinal lymph nodes 
with subsequent spread into the epicardial lym-
phatic channels. Pericardial effusions in patients 
with a prior history of malignancy are often pre-
sumed to be malignant if other potential causes are 
excluded. Lung, breast, and hematological malig-
nancies account for the majority of underlying 
cancers4,7,8 and pericardial effusion cytology is 
positive in approximately half of the patients.4,7

Some authors have suggested that open drain-
age of a pericardial effusion may be the better 
procedure for diagnostic purposes, as both the 
effusion and the pericardial tissue may be biop-
sied and submitted for pathological evaluation. 
However, the available literature does not dem-
onstrate a signifi cant added benefi t to pericardial 
biopsy evaluation in the diagnosis of the etiology 

of an effusion. In the setting of an effusion nega-
tive for malignancy on cytological evaluation, 
only 7% of patients in a large series had pericar-
dial biopsies that were positive for malignancy.7 
Similarly, Cullinane demonstrated that no patient 
had a positive pericardial biopsy in the setting 
of negative fl uid cytology.5 In addition, 39% of 
patients with a presumed neoplastic effusion had 
biopsies of the pericardium and cytological eval-
uation of the fl uid that were negative for malig-
nancy.7 In a smaller series of patients treated with 
catheter drainage for malignant effusion, Tsang 
reported positive cytology for malignancy in 53% 
of patients.8

It is important to obtain the treatment history 
of patients with malignancy associated pericar-
dial effusion. Patients with breast or hematologi-
cal malignancies who have received mediastinal 
radiation therapy are at risk for developing non-
malignant pericardial effusions. In our experi-
ence, these serous effusions typically develop 
within 6 months of completing radiation therapy 
and the fl uid cytology is negative. These effusions 
respond well to drainage and infrequently recur.9 
In addition, the cause of pericardial effusions 
that develop in patients with a history of early-
stage malignancies should be aggressively 
pursued. These effusions frequently develop from 
nonmalignant causes and are not a result of met-
astatic disease.

59.3. Significance of 
Positive Cytology

Although malignant cytology is not always identi-
fi ed in the clinical setting of a malignant pleural 
effusion, it is of considerable prognostic sign-
ifi cance. Overall survival in patients with a 
malignancy-associated pericardial effusion is 
approximately 4 months. However, median sur-
vival is markedly shorter in patients with positive 
cytology. Whereas patients with underlying malig-
nancy had median survival of 119 days and 31.6% 
survival at 1 year, proof of malignancy by patho-
logical evaluation decreased median survival to 55 
days and 1-year survival to 16.7%.4,7,10 In the largest 
series of patients treated by catheter-based inter-
vention, median survival was only 134 days in 
patients with a malignancy-associated effusion.6 
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In other series reporting survival of patients with 
malignant pericardial effusion according to malig-
nancy type, patients with hematological malig-
nancies had longer survival compared to all other 
patients with malignant disease.11 Patients with 
lung cancer and a malignant pericardial effusion 
had the worst prognosis.5

59.4. Complications of Catheter-
Based Drainage and Open 
Surgical Drainage

There are no randomized comparisons of dif-
ferent drainage procedures with respect to com-
plication rate or risk of recurrence. In the last 
two decades, use and availability of ultrasound 
guidance has eliminated the need for non–
image-guided pericardiocentesis. Uniformly, 
large series report a 3% to 5% complication rate 
utilizing catheter-based intervention. The most 
common complications include laceration of the 
heart, pneumothorax, and cardiac arrhythmia.6,7 
In the largest series, only 1% of patients suffered 
complications from catheter-based technique 
requiring operative intervention.6 Similar results 
have been reported with Seldinger technique to 
introduce pericardial catheters.4 An open surgi-
cal technique for a subxiphoid pericardiotomy 
has been reported to have an equally low compli-
cation rate. McDonald reported a single episode 
of arrhythmia in a series of 150 patients, and 
Allen reported a single case of postoperative 
bleeding in a series of 94 patients.7,12 In the most 
recent analysis of 368 patients, Becit and col-
leagues reported three patients (0.8%) needing 
median sternotomy to control intraoperative 
bleeding caused by a subxiphoid approach.1 In 
this study, the vast majority of patients under-
went the procedure using a local anesthesia tech-
nique. The authors limited the use of general 
anesthesia to pediatric patients.

59.5. Recurrence of Effusion 
after Treatment

Simple pericardiocentesis is associated with the 
highest recurrence rate of 33%.6,12 The effi cacy of 
percutaneous catheter drainage is related to both 

the underlying cause of the pericardial effusion, 
and the duration of catheter placement. Use of 
prolonged drainage (defi ned as placement of the 
catheter until drainage decreases signifi cantly) 
reduces the risk of recurrence to 14%.6,8 Most 
authors recommend leaving a drain in place for 
a minimum of 4 to 5 days.7,8,10 The presence of 
renal failure, large effusion, or malignant effu-
sion increases the risk of recurrence in most 
series. While some authors have advocated the 
instillation of a sclerosing agent through the 
indwelling pericardial catheter,4 the data sug-
gesting a decreased risk of effusion recurrence 
are not compelling. Multiple investigators have 
found no relation between the use of sclerother-
apy with either thiotepa or tetracycline and a 
decreased risk of recurrence.6–8

The effi cacy of subxiphoid pericardial drain-
age has been demonstrated in a number of series. 
Dosios and colleagues report a low recurrence 
rate of 2% with open surgical drainage.11 Retro-
spective review of our own experience in the 
management of patients with malignant pericar-
dial effusion demonstrated that open surgical 
drainage (subxiphoid window with or without 
creation of a pericardial–peritoneal window) 
was associated with a 95% actuarial freedom 
from recurrence, whereas catheter drainage 
was associated with an 81% freedom from 
reintervention.7

59.6. Transthoracic Approaches to 
Pericardial Effusion Drainage

Some authors routinely perform transthoracic 
drainage of the pericardium with pericardial 
biopsy to diagnose and treat pericardial effu-
sions5,13 by either limited thoracotomy or video-
assisted thorascopic techniques. Although this 
approach is clearly indicated for complex locu-
lated effusions not amenable to the subxiphoid 
approach, it is not required for the manage-
ment of most effusions. Computed tomography 
imaging is invaluable in planning the operative 
approach, and in determining which pleural 
cavity to enter. Unlike percutaneous drainage or 
open subxiphoid drainage, the transthoracic 
approach requires general anesthesia, and is 
facilitated by double-lumen intubation. Patients 
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not able to tolerate general anesthesia and single-
lung ventilation, or with tamponade physiology, 
are better treated with percutaneous catheter 
or open subxiphoid drainage under local 
anesthesia.

In summary, there are no randomized studies 
evaluating the optimal management of malig-
nant pericardial effusions (Table 59.1). Given the 
paucity of such data, we may generalize that open 
surgical techniques and catheter interventions 
are equivalent in determining the etiology of a 
pericardial effusion (level of evidence 2+ to 2−; 
recommendation grade C), and that the compli-
cations of either technique are few using modern 
imaging techniques. Open drainage may have 
lower risk of recurrence and greatest freedom 
from re-intervention (level of evidence 2+ to 2−; 

recommendation grade C), but the risk of recur-
rence is mitigated by the overall short life expec-
tancy of patients with malignant pericardial 
effusion.

TABLE 59.1. Results of treatment for pericardial effusion.

 Level of
Reference Evidence Study design Groups Outcomes

Moores10 2− Nonrandomized  Subxiphoid window (n = 155) Malignant cytology has poor prognosis; lung
    cases series    cancer–related effusion has the worst 
      prognosis
Girardi4 2− Nonrandomized Drainage catheter with sclerotherapy Malignant cytology has poor prognosis
    cases series   (n = 37); subxiphoid window (n = 25); 
     other surgery (n = 10)
Allen12 2− Nonrandomized Percutaneous drainage (n = 23); Higher complication rate and recurrence rate 
    cases series   subxiphoid window (n = 94)   with percutaneuous catheter drainage
    
Tsang8 2+ Nonrandomized Echo-guided pericardiocentesis only Extended catheter placement reduces
    cases series   (n = 118); drainage catheter (n = 139);   recurrence; sclerotherapy does not effect 
     pericardiocentesis with planned surgery   recurrence; positive cytology is associated 
     (n = 18)   with diminished survival
Tsang6 2+ Nonrandomized Echo-guided pericardiocentesis (n = 1127)  Catheter placement has low complication rate 
    cases series  and drainage catheter (n = 640)   and a 14% recurrence rate; malignant 
      cytology has poor prognosis
Dosios11 2− Nonrandomized Subxiphoid window (n = 104) Patients with hematological malignancy–
    cases series    associated effusions have longest survival; 
      recurrence rate of 2% with open technique
McDonald7 2− Nonrandomized Percutaneous drainage (n = 96); Histopathology of pericardium did not augment
    cases series   subxiphoid drainage (n = 150)   cytological evaluation; positive cytology has
      poor prognosis; open surgery offers greatest 
      freedom from recurrence; morbidity of either
      procedure is similar
Cullinane5 2− Nonrandomized Thoracoscopic or subxiphoid window Histopathology of pericardium did not augment 
    cases series   (n = 63)   cytological evaluation; positive cytology has 
      poor prognosis; hematological malignancies 
      have longest survival
Becit1 2+ Nonrandomized Subxiphoid window (n = 368) Histopathology of pericardium is helpful in 
    cases series    determining diagnosis; uremic pericarditis 
      has highest risk of recurrence; malignancy 
      determined by pathological evaluation is 
      associated with highest mortality rate

Open surgical techniques and catheter inter-
ventions are equivalent in determining the 
etiology of a pericardial effusion (level of evi-
dence 2+ to 2−; recommendation grade C).

Open drainage may have lower risk of recur-
rence and greatest freedom from re-interven-
tion (level of evidence 2+ to 2−; 
recommendation grade C), but the risk of 
recurrence is mitigated by the overall short 
life expectancy of patients with malignant 
pericardial effusion.
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59.7. Our Approach

The treatment algorithm for management of 
patients with pericardial effusions is depicted in 
Figure 59.1. For all hemodynamically unstable 
patients, immediate pericardiocentesis and cath-
eter insertion is utilized to relieve tamponade 
physiology. Patients with pericardial effusion of 
unknown etiology or patients with a residual 
effusion undergo open pericardial drainage using 
the technique described below. This approach is 
most likely to determine the cause of the effusion 
and provides the lowest risk of recurrence.

In patients with a known history of malignancy 
and documented positive cytology, catheter 
drainage alone is often utilized given the overall 
short life expectancy. Open biopsy is reserved for 
patients with recurrent effusion or loculated 
effusion not amenable to catheter drainage. For 
patients with a history of locally advanced or 
metastatic cancer, the clinical status of the patient 
should be taken into account. If the clinical status 
is poor and life expectancy is limited, we favor 
catheter drainage of the effusion. In patients with 
good performance status, we favor open surgical 
subxiphoid pericardial window.

The technical aspects of performing a surgical 
subxiphoid window and placement of chest tube 
into the pericardium have been well described.7,10 
In an effort to decrease the risk of developing 
a recurrent pericardial effusion, we advocate 
the additional creation of a pericardioperitoneal 
window in patients without contraindications to 
this procedure (the presence of abdominal ascites 
or infectious etiology of effusion). After division 

of the midline fascia overlying the xiphoid process 
and upper abdomen (6-cm incision), the pericar-
dium is opened above the diaphragm and the 
fl uid is drained and sent for culture and cytologi-
cal analysis. The pericardial space is carefully 
inspected and palpated for the presence of malig-
nant nodules. A 2-cm piece of pericardium is 
excised and sent for pathological analysis and 
culture. The peritoneum is opened just below the 
diaphragm and the epithelial surfaces of the peri-
cardium and the peritoneum then are re-approx-
imated creating a pericardioperitoneal window 
using interrupted suture over approximately 180° 
of the pericardial and peritoneal openings. A 28F 
right-angle chest tube is placed along the dia-
phragmatic surface of the pericardium, and is 
brought out through a separate stab wound in the 
fascia below the incision. The fascial incision is 
then closed using standard techniques.

59.8. Conclusion

Both minimally invasive techniques and surgical 
drainage of pericardial effusion are safe and 
effective means of treatment. Based upon the 
clinical facilities available, image-guided cathe-
ter drainage or subxiphoid window creation 
may be done expeditiously and safely. Given our 
understanding of the pathophysiology of pericar-
dial effusion, the available data regarding long-
term survival of patients, and the risk of recurrent 
effusion, we favor open surgical drainage for 
patients with persistent or recurrent effusions 
and no obvious etiology. We reserve catheter-based 

FIGURE 59.1. Algorithm for management of pericardial effusions.
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drainage for hemodynamically unstable patients 
and in those with poor expectation for short-
term survival.
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complications of pericardial cysts,9–24 or advances 
in operative techniques (e.g., thoracoscopy, 
robotics).25,26 In published evidence-based guide-
lines, these studies represent level 3 data.27

60.1.2. Characterization, Prevalence, and 
Natural History of Pericardial Cysts

Pericardial cysts are mesothelium-lined cysts 
that are usually unilocular and fi lled with clear, 
transudative fl uid.1,3 Although not clearly delin-
eated, these cysts are thought to arise from 
incomplete fusion of the mesenchymal lacunae 
during embryogenesis, a process which normally 
gives rise to the pericardial sac.28 Pericardial 
cysts may be either intra- or extrapericardial.29,30 
The distinction between these two locations 
tends to be discernable using a variety of thoracic 
imaging modalities, including computed tomog-
raphy (CT), magnetic resonance imaging, and 
echocardiography. Whereas intrapericardial 
lesions appear to be enveloped within the normal, 
globular contour of the pericardial sac (Figure 
60.1A), extrapericardial cysts appear as pleural-
based lesions which abut the pericardium, but are 
distinct from it (Figure 60.1B). The most common 
location of extrapericardial cysts are the cardio-
phrenic angles anteriorly, more frequently on the 
right.3,4 However, they may also be found superi-
orly in the mediastinum as well.

The prevalence of pericardial cysts in the 
general population is essentially unknown. A 
fi gure frequently cited in the literature is one 
case in 100,000, however, this was an estimation 
based on a mass chest radiograph campaign in 

Pericardial cysts are congenital lesions of the 
mediastinum that are usually detected using 
chest imaging in the absence of symptoms. His-
torically referred to as spring-water cysts due to 
their clear fl uid content,1 the majority of pub-
lished literature has suggested that surgical 
resection, traditionally via thoracotomy, be uti-
lized only in symptomatic cases, with observa-
tion being suffi cient for incidental, asymptomatic 
lesions.

Despite these recommendations for watchful 
waiting, life-threatening complications occur-
ring in previously asymptomatic pericardial cysts 
have been reported. Given these reports, com-
bined with the evolution of modern, minimally 
invasive techniques of resection, the question of 
surgical resection of asymptomatic pericardial 
cysts needs to be formally addressed.

60.1. Published Data

60.1.1. Grade of Existing Literature

The published literature regarding pericardial 
cysts and their treatment is limited to individual 
case reports or case series. No hypothesis-based 
experimental or interventional studies exist. 
Although some case series contain exclusively 
pericardial cysts,1–4 most reports consist of 
patients who have undergone resection of medi-
astinal cysts, masses, or both, of which pericar-
dial cysts represent a small fraction.5–8 These 
tend to be surgical series, with data concerning 
the follow-up of unresected pericardial cysts 
sparse. Individual case reports usually describe 
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Edinburgh in 1958,1 and may not be accurate 
given obvious limitations in sensitivity and spec-
ifi city. Data from large-scale, low-dose CT screen-
ing studies for lung cancer may provide a much 
more accurate estimate of the prevalence of peri-
cardial cysts, but this information has yet to be 
published. Similar to their prevalence, little pub-
lished data exist regarding the natural history of 
pericardial cysts. Although cyst enlargement,31–33 
as well as spontaneous resolution34 and even 
asymptomatic rupture35 have all been reported, 
there are no published case series describing 
long-term follow-up of unresected lesions.

60.1.3. Complications of Pericardial Cysts

Case series of pericardial cysts demonstrate that 
the majority of these lesions are asymptomatic, 
and are detected using chest imaging for an 
unrelated purpose. When symptoms do occur, 
however, they are typically mild and include 
chest discomfort, cough, and dyspnea.1–8 Despite 
their generally innocuous clinical presentation, 
close examination of the English literature has 
revealed 17 case reports of severe, life-threaten-
ing complications of pericardial cysts (Table 
60.1). Literature reports describing cases that 
appear not to be the result of congenital peri-
cardial cysts, including postpericardiotomy 
tamponade, constrictive pericarditis, atrial fi bril-
lation, and nonpericardial cystic lesions were not 
considered further and are not listed in the table. 
Although no cases of malignant degeneration 
have been reported, two complications resulted 
in mortality. The fi rst involved acute hemorrhage 
into an extrapericardial cyst in an 84-year-old 
man, acutely compressing the heart into the left 
hemithorax,12 while the second involved the 
sudden asystolic death of a 44-year-old man 
immediately following an exercise stress test. 
Postmortem examination revealed the absence of 
coronary disease, and the presence of a large 
(8.5 cm), infl amed, intrapericardial cyst infi ltrat-
ing into the wall of the heart in the region of the 
conduction system.14

Further examination of Table 60.1 reveals 
several interesting observations concerning life-
threatening complications of pericardial cysts. 
First, these severe complications may occur at 
any age, including children, young and middle-
aged adults, and the elderly. Second, the majority 
of complications occur in male patients. This 
may be a result of the natural gender distribution 
of pericardial cysts, but the ratio is generally 
higher than is reported in multiple surgical series 
of these lesions.1–8 Third, although the clinical 
scenario is one of severe cardiac compression in 
the majority of cases, the inciting event seems to 
be the rapid expansion of the cyst or obvious 
intrapericardial rupture (causing tamponade) 
from either hemorrhage or infl ammation. As 
stated previously, pericardial cysts normally 
contain clear, transudative fl uid. In contrast, in 
nearly all cases listed in Table 60.1, the cysts 

FIGURE 60.1. Differentiation between intra- and extrapericardial 
cysts on computed tomography. On both scans, the cyst is 
indicated by an asterisk. (A) A 3-cm asymptomatic, intrapericardial 
cyst. This cyst is in the most common location for an intrapericardial 
lesion, abutting the right atrium and ventricle. Note that the cyst 
is enveloped within the pericardial sac. Acute cyst enlargement in 
this position would result in severe compression of the right heart. 
(B) A 5-cm, extrapericardial cyst in the left hemithorax. The cyst 
clearly lies outside the pericardial sac in the left hemithorax. Even 
with acute cyst enlargement, symptoms may not become 
apparent until a massive size is attained.
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contained either sanguinous fl uid, frankly bloody 
material with clots, or exudative fl uid with 
leukocytes and an infl ammatory wall. Fourth, 
although pericardial cysts are detected in sizes 
ranging from 1 to 2 cm to well over 20 cm, com-
plicated cysts tend to be generally large, with the 
majority being over 8 to 10 cm.

The fi nal and perhaps most signifi cant obser-
vation obtained from the cases listed in Table 
60.1 is that the majority of complicated cysts 
are of the intrapericardial variety. Although not 
defi nitively stated in four reports, only two cases 
clearly involved extrapericardial cysts. The fi rst 
was the previously described 84-year-old man 
who died from acute cardiac compression from 
massive hemorrhage into the cyst.12 This cyst 
enlarged acutely to well over 20 cm in size, 
fi lling nearly the entire right hemithorax. The 
second was a 10-year-old boy with a completely 
collapsed right lung due to an extrapericardial 
cyst wrapping around the right main bronchus.15 
Because the vast majority of complicated cysts 
seem to be of the intapericardial variety, these 
lesions may be of more concern than extraperi-
cardial cysts for the development of severe 
complications.

60.2. Treatment Guidelines for 
Asymptomatic Pericardial Cysts

Although most authors would agree that symp-
tomatic pericardial cysts should be resected, no 
clear consensus exists for asymptomatic lesions. 
Opponents of the surgical approach to asymptom-
atic cysts argue that the vast majority are innocu-
ous, and will never clinically affect the patient.22,30 
Advocates of resection, however, cite the occa-
sional, life-threatening complications which can 
occur, as well as the relative ease of resection using 
modern, videothorascopic techniques.8,36 What is 
clear is that given the poor grade of the published 
literature regarding pericardial cysts, it is diffi cult 
to provide concise, evidence-based guidelines 
regarding asymptomatic lesions.

Although the level of evidence of the published 
literature regarding pericardial cysts is poor, and 
data concerning the natural history of unresected 
lesions is virtually nonexistent, close examina-
tion of the details of the 17 reported cases of life-
threatening complications associated with these 
lesions may allow the following statements to be 
made to assist with decision making:

TABLE 60.1. Life-threatening complications of pericardial cysts.

Patient age
(years) Gender Cyst size Cyst type Complication/etiology Reference

 8 M 7.5 cm intra Tamponade/hemorrhage 18
10 M na extra Compression of right main bronchus 15
12 F na intra Tamponade/hemorrhage  9
15 M 8 cm intra Tamponade/hemorrhage 16
17 F 15 cm intra Tamponade/hemorrhage 22
21 M 7 cm intra Erosion into heart/infected 17
29 M 5 cm na Hemodynamic compromise/pulmonary  24
      artery compression
36 M 7 cm na Cardiogenic shock/left atrial compression 24
    Sudden death/infected
44 M 8.5 cm intra  14
47 F 5 cm extra SVC erosion/hemorrhage 20
52 M 8 cm intra Right heart failure/hemorrhage 10
57 F 10 cm na Hemodynamic compromise/hemorrhage 23
66 M 10 cm intra Hemodynamic compromise/cyst calcification 11
    
66 M 11 cm na Right heart failure/hemorrhage 13
68 M 8 cm intra Hemodynamic compromise/hemorrhage 19
82 M 12 cm intra Tamponade/hemorrhage 21
84 M “large” extra Cardiac compression and death/hemorrhage 12

Abbreviations: intra, intrapericardial; extra, extrapericardial; na, information not apparent from the article; SVC, author, please provide definition.



60. Asymptomatic Pericardial Cyst: Observe or Resect? 491

the effects of acute bleeding, especially into an 
intrapericardial cyst, are profound.

• Elective resection should be entertained for 
patients in whom cyst enlargement is clearly 
demonstrated on imaging studies, especially 
if the cyst is intrapericardial. Enlargement of 
atypically located, extrapericardial cysts is also 
of concern because these lie in close proximity 
to the great vessels or bronchi. Cyst enlarge-
ment could imply either hemorrhage or conver-
sion to an infl amed cyst, both of which have the 
potential to cause life-threatening complications.

60.3. Summary

Pericardial cysts are uncommon congenital 
anomalies of the pericardium that are primarily 
asymptomatic. Cysts may occur either inside or 
outside the pericardial sac, a characteristic which 
appears to impact their ability to present with 
rare, life-threatening complications. These com-
plications are mainly due to rapid cyst expansion 
or rupture into the pericardial sac causing acute 
cardiac compression and/or tamponade. Most 
authors agree that symptomatic pericardial cysts 
should be resected, but proper treatment of 
asymptomatic lesions remains controversial. 
Although the quality of published evidence is 
poor, consisting of only case series and individ-
ual case reports, it is clear that hemorrhage into 
the cyst or conversion to an infl amed cyst are 
precipitating events leading to catastrophic com-
plications, particularly for intrapericardial cysts. 
As a result, elective surgical resection should be 
considered for larger, asymptomatic, intraperi-
cardial cysts, particularly for patients on chronic 
anti-coagulation, or if imaging studies suggest 
evidence of bleeding (cyst enlargement, heteroge-
neous cyst contents).
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61
Optimal Approach to Thoracic Outlet 
Syndrome: Transaxillary, Supraclavicular, 
or Infraclavicular
Richard J. Sanders

61.1. Arterial Thoracic Outlet 
Syndrome
Subclavian artery pathology is necessary to 
produce ATOS. Arterial signs and symptoms can 
occur in the absence of ATOS. Some physicians 
use the term ATOS to describe symptoms of cold-
ness and color changes in the hand; others use 
the term when the radial pulse is reduced in pro-
vocative positions such as Adson’s1 or 90° abduc-
tion external rotation (AER). These signs and 
symptoms do not establish a diagnosis of ATOS. 
Hand coldness and color changes are sympa-
thetic nerve changes due to irritation of the sym-
pathetic nerve fi bers that accompany the lower 
trunk of the brachial plexus in the thoracic outlet 
area.2 These are symptoms of NTOS that are 
usually relieved by surgical decompression of the 
plexus by scalenectomy or fi rst rib resection.

Pulse reduction in provocative positions is a 
phenomenon that has been noted in 9% to 53% 
of normal (asymptomatic) controls3–6 and is not 
indicative of arterial pathology. Pulse reduction 
is a very unreliable criterion for the diagnosis of 
NTOS; it is relying on an arterial sign to diagnose 
a neurological condition. Provocative maneuvers 
are helpful in diagnosing NTOS when these 
maneuvers produce nerve root irritation and 
symptoms of paresthesia, pain, and heaviness. 
The pulse change is not signifi cant in making the 
diagnosis. It is important to distinguish arterial 

Thoracic outlet syndrome (TOS) is not a single 
entity. By defi nition, TOS is compression of the 
neurovascular bundle in the thoracic outlet area 
eliciting symptoms in the upper extremity. The 
neurovascular bundle, comprising nerve, artery, 
and vein, gives rise to three types of TOS: neuro-
genic, arterial, and venous. When using the term 
TOS, most people are referring to the neurogenic 
form which comprises over 95% of all TOS 
patients; venous TOS makes up 3% and arterial 
TOS 1%. Because the optimal approach for each 
of the three types is different, it is important to 
defi ne which type of TOS is being discussed.

The goal of treatment in arterial TOS (ATOS) 
is to repair or replace the subclavian artery and 
remove the abnormal cervical rib or fi rst rib. This 
requires a supraclavicular approach, supple-
mented at times by an infraclavicular incision. In 
venous TOS (VTOS), the goal is to decompress 
the subclavian vein at the costoclavicular liga-
ment which requires fi rst rib resection, including 
the anterior part of the rib. This can be achieved 
via a transaxillary or infraclavicular approach, 
but not a supraclavicular one. In neurogenic TOS 
(NTOS) the goal is to decompress the brachial 
plexus. This can be done in several ways: trans-
axillary or infraclavicular fi rst rib resection or by 
supraclavicular anterior and middle scalenec-
tomy with or without fi rst rib resection. The 
optimal approaches for each of the three types 
will be discussed individually.
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symptoms, which are often present with NTOS, 
from true ATOS as the treatment for each is 
different.

The term arterial TOS should be reserved for 
those patients who exhibit arterial insuffi ciency 
produced by pathological changes in the subcla-
vian artery, namely stenosis or aneurysm forma-
tion, usually followed by thrombosis and 
embolization. As a rule, this only occurs in the 
presence of a cervical rib or anomalous fi rst rib. 
These patients have a cold, discolored hand, an 
absent or reduced radial pulse at rest, pain and/or 
numbness in the fi ngers and hand, and often one 
or two ischemic fi ngers. The symptoms are con-
stant and often associated with arm claudication. 
The diagnosis is established by suspicion, noting 
a rib abnormality on X ray, and confi rmed by 
arteriography. Most patients with ATOS are 
asymptomatic until embolism occurs.

Treatment of ATOS is twofold: repair the artery 
and excise the abnormal rib. Even though a fi rst 
rib and cervical rib can be removed through the 
axilla, the artery cannot be repaired from this 
approach. The supraclavicular route is the only 
approach for arterial repair, and it is also a very 
good approach through which to remove cervical 
and anomalous fi rst ribs. Therefore, this route is 
preferred for treating ATOS.

Small subclavian artery aneurysms and small 
areas of stenosis can sometimes be excised and 
the two ends brought together with an end-to-
end anastomosis. This is the easiest way to 
manage ATOS and it can be achieved through a 
single supraclavicular incision. However, many 
aneurysms extend below the clavicle or are too 
large to permit direct anastomosis. In these situ-
ations a graft is required, either vein or pros-
thetic, and an infraclavicular incision must be 
added to complete excision of the aneurysm and 
perform the distal anastomosis.

Claviculectomy is an alternative to the com-
bined supra- and infraclavicular approach for 
managing ATOS. Because working around the 
clavicle is the challenge in exposure of the axillary 
and subclavian vessels, its removal can solve the 
problem. Removal of the medial two thirds of the 
clavicle provides excellent exposure of the subcla-
vian and axillary arteries. It makes the operation 
much easier than working through two small inci-
sions, one above and one below the clavicle. It 
has been advocated by a few surgeons who have 

pointed out that there is very little morbidity from 
removing the clavicle.7,8 However, patients can 
develop instability of the shoulder when the clavi-
cle has been excised, as was pointed out in a study 
of subclavian artery aneurysms where two of fi ve 
patients undergoing claviculectomy had an unsta-
ble shoulder postoperatively.9 In very large patients 
and in traumatic injury to subclavian or axillary 
arteries, claviculectomy may be necessary. The 
two options are either to excise and replace the 
medial two thirds with plates and screws or simply 
remove the clavicle without replacing it. The 
obvious advantage of replacing the clavicle is 
maintaining the integrity of the shoulder girdle; 
the disadvantage is the possibility of aseptic necro-
sis or infection requiring removal of the bone.

61.2. Venous Thoracic Outlet 
Syndrome

Venous TOS (VTOS) is subclavian vein obstruc-
tion with or without thrombosis. The pathology is 
compression of the subclavian vein at the point 
where the vein crosses over the fi rst rib to join the 
innominate vein. At this point, the vein is sur-
rounded medially by the costoclavicular ligament, 
superiorly by the subclavius tendon, posteriorly 
by the anterior scalene muscle, and inferiorly by 
the fi rst rib. Adequate decompression of the vein 
requires that these four sides be divided and the 
subclavian vein freed of any remaining bands and 
ligaments. This can only be accomplished after 
the fi rst rib has been excised, including the ante-
rior end and the costal cartilage.

Once the vein has been freed, if there is intrin-
sic stenosis or residual thrombus, it may be desir-
able to open the vein, remove thrombus, correct 
stenosis, and close the vessel with a vein patch. If 
the surgical strategy is to consider opening the 
vein after rib resection, the infraclavicular inci-
sion is the preferred approach as it is easier to 
open and repair the vein through this route. If the 
surgical plan is to remove the rib and not open 
the vein, our preference is for the transaxillary 
route because by going through the axilla the 
arm can be elevated, which lifts the vein, artery, 
and lower trunk of the brachial plexus off the rib, 
making rib resection easier. Exposure is also a 
little better via the axilla when removing the 
costal cartilage and edge of the sternum.
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As noted for ATOS, claviculectomy is another 
alternative for excellent exposure of the subcla-
vian and axillary vessels. In very large patients 
or for very diffi cult reconstructions claviculec-
tomy can provide the best visualization. Some 
surgeons have elected to use claviculectomy 
as their routine approach to all venous 
reconstructions.10

The supraclavicular approach for venous 
decompression has been used in the past. 
However, many now realize that this can decom-
press the brachial plexus, but not the subclavian 
vein. It is necessary to add an infraclavicular 
incision to excise the anterior end of the rib to 
adequately free the subclavian vein. Interestingly, 
a group that had been using the supraclavicular 
route noted in their latest communication that 
they were using the infraclavicular approach in 
their more recent cases.11

61.3. Neurogenic Thoracic Outlet 
Syndrome

Comprising over 95% of all TOS cases, NTOS can 
be treated surgically by either the supraclavicu-
lar, infraclavicular, or transaxillary routes. To 

date, there has been no data to strongly support 
the use of one route over another. The approach 
used depends in part on realization of the under-
lying etiology and pathology.

Neurogenic TOS is due most often to plexus 
compression by tight, scarred scalene muscles. 
The most common etiology is a hyperextension 
neck injury, frequently a whiplash. Occasionally 
a cervical rib or abnormal fi rst rib is present, 
but even in these cases, symptoms are usually 
brought on by scalene muscle injury.12 Thus, the 
goal of surgery is to either release or remove the 
scalene muscles. Transaxillary fi rst rib resection 
is effective because it is one way to release the 
muscles. Results of transaxillary fi rst rib resec-
tion from different authors are summarized in 
Table 61.1.

Transaxillary fi rst rib resection has the advan-
tage of performing anterior and middle scale-
notomy through a route that stays out of the neck. 
While it is possible to also remove the lower 2 cm 
of anterior scalene and divide its attachments to 
subclavian artery through this approach, the 
remaining muscle cannot be reached and can still 
adhere to the plexus.

Transaxillary rib resection is a diffi cult pro-
cedure to master, and even harder to teach. 

TABLE 61.1. Transaxillary first rib.

      Length of follow-up Level of
Reference Year Operations Excellent/good (%) Fair (%) Failed (%) (Months) evidence

McGough16 1979 113 80 13  7 6–60 4
Youmans17 1980 258 75 16  9 3–96 4
Roos18 1982 1315 92   8 Presumed 3–180 4
Batt19 1983 94 80  20 Not stated 4
Qvorfordt20 1984 97 79  21 4–48 3
Davies21 1988 115 89  11 6–180 4
Selke22 1988 460 79 14  7 6–240 4
Stanton23 1988 87 85 4 11 12–144 4
Lindgren24 1989 175 59  41 24 3
Lepantalo25 1989 112 52 25 23 1 3
Sanders15 1989 111 65  8 27 36–60 (life table) 3
Green26 1991 136 79  21 12–144 3
Martin27 1993 25 60  40 Not stated 3
Ellison28 1994 181 81 13  8 8–65 3
Cuypers29 1995 98 52  48 13–120 3
Mingoli30 1995 118 81 14  5 Average 99 4
Zatocil31 1997 112 45  55 Not stated 3
Leffert32 1999 282 69 16 15 6–253, average 55 3
Fulford33 1901 50 58 16 26 12–120, average 48 3
Yavuzer34 1904 127 83  17 Not stated 4
Alobelli13 1905 254 46  54 Average 25 (life table) 3
Toal (range)  4283 45%–92% 4%–25% (6%–55%) (0–41)
Mean   77% 15% 21%
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Exposure is limited, even in experienced hands. 
Orientation can be misleading, not only for the 
surgeon who just occasionally ventures here, but 
also for the experienced surgeon. Many second 
ribs have been excised, mistaken for fi rst ribs. 
Life-threatening complications of hemorrhage 
from subclavian artery or vein can occur. Once 
bleeding begins it is hard to dry up the fi eld to 
fi nd the bleeding spot; and once found, it is dif-
fi cult to repair. There is often not enough room 
to position a needle holder until the fi rst rib has 
been removed.

In addition to the bleeding complications, 
nerve injury is a signifi cant risk. The T-1 and C-8 
nerve roots lie against the neck of the fi rst rib and 
are at risk when the posterior end of the rib is 
divided with heavy rib cutters. The diffi culty is 
compounded by the location of the posterior rib 
in the deepest, narrowest corner of the wound. As 
bone shears are advanced they frequently block 
the surgeon’s view of the nerves.

Other nerves at risk during transaxillary fi rst 
rib resection are the phrenic and long thoracic. 
These nerves are usually not visualized during 
the operation, but are very close to the 
dissection.

A limitation of transaxillary fi rst rib resection 
is that once the scalene muscles have been freed 
from the fi rst rib, they still remain in the neck 
and are free to scar down to the subclavian artery 
and nerve roots of the plexus. This can cause 
recurrent symptoms, which occurs in a signifi -
cant number of patients. In a recent study of 254 
transaxillary rib resections where as much of the 

anterior scalene as possible was excised with the 
rib, 80 patients (31%) required reoperation by 
supraclavicular scalenectomy.13

Supraclavicular scalenectomy is another 
approach that has been gaining popularity since 
1980. It has the advantage of allowing complete 
removal of the scalene muscles along with neu-
rolysis of the fi ve nerve roots with much better 
vision than through the axilla. It also provides 
good exposure of cervical ribs, bands, and liga-
ments. In addition, the fi rst rib can be removed 
through this route with particularly good expo-
sure of the neck of the rib, the area that is most 
diffi cult through the axilla. The results of scale-
nectomy with fi rst rib resection via the supracla-
vicular approach are summarized in Table 61.2.

Profi ciency with the supraclavicular approach 
to scalenectomy and fi rst rib resection is a chal-
lenge to acquire. Exposure is facilitated with a 
self-retaining retractor system but still can be 
diffi cult. The phrenic is the most frequently 
injured nerve via this route, although it is almost 
always temporary. Nerve roots of the plexus are 
fairly easy to visualize and are rarely cut although 
they can be over stretched when retracted to 
excise the middle scalene muscle. At least two of 
the three forming branches of the long thoracic 
nerve frequently travel through the belly of the 
middle scalene muscle and are at risk during 
middle scalenectomy. Injury to subclavian artery 
or vein can also occur via this route, although 
these are easier to repair than via the transaxil-
lary approach. Finally, the most diffi cult injury 
to prevent is a lymphatic leak in the left neck. 

TABLE 61.2. Supraclavicular scalenectomy and first rib resection.

      Length of follow-up Level of
Reference Year Operations Excellent/good (%) Fair (%) Failed (%) (months) evidence

Graham35 1973 78 91  5  4 4–84 4
Reilly36 1988 39 59 33  8 1–30 3
Sanders15 1989 278 64  8 28 36–60 (life table) 3
Baker37 1992 34 50 35 15 12 3
Cheng14 1995 125 69  31 24 (life table) 3
Thomas38 1995 210 75 15 10 6–26 3
Hempel39 1996 770 86 13  2 Not stated 4
Maxwell40 2001 126 72  28 “Long term” 3
Maxey41 2003 72 64 23 13 14–24 3
Total  1732
Range   (50%–91%) (5%–35%) (2%–31%)
Mean   72% 15% 13%
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Although the thoracic duct usually can be 
avoided, or if injured can be ligated, some patients 
have a plexus of small lymphatic channels along 
the internal jugular vein that can leak from mul-
tiple sites.

Scalenectomy must be differentiated from the 
older procedure, scalenotomy. Scalenotomy has a 
high failure rate, probably because the anterior 
scalene muscle has fi brous attachments to the 
subclavian artery and nerve roots of the plexus. 
As a result, simply dividing the muscle does not 
relieve its tension for very long. We have operated 
upon a few patients who had past histories of 
supraclavicular scalenotomies only to fi nd the 
anterior scalene muscle had healed by reconsti-
tuting the muscle so that it looked and functioned 
normally. Scalenectomy is a different operation. 
If the entire muscle is excised, it can’t reconsti-
tute. However, scar tissue will replace the muscle 
and can form compressing envelopes of scar 
around the nerve roots, causing recurrent 
symptoms.

Realizing that the primary pathology is in the 
scalene muscles not the rib, the supraclavicular 
route has the advantage of permitting scalenec-
tomy, without rib resection, and achieving the 
same success rate (Table 61.3). This approach 
permits easy excision of any ligaments, bands, or 
cervical ribs. At the time of scalenectomy, the 
relationship between fi rst rib and lower trunk of 
the plexus can be observed. In those cases in 
which the trunk rests on the rib, the rib can be 
removed through the same supraclavicular 
incision.

The infraclavicular approach can also be used 
to perform fi rst rib resection and scalenotomy. 
However, exposing the posterior rib and lifting 
the subclavian vein is more diffi cult than through 
the transaxillary route. The infraclavicular 
approach has no real advantage over the transax-
illary one unless the subclavian vein is to be 
opened.

61.3.1. Evidence-Based Results

The results of the different approaches to NTOS 
are diffi cult to evaluate and compare. Although 
there have been several reports of each approach, 
there has been no standardization of success cri-
teria. Because many patients operated upon for 
NTOS also have other diagnoses, such as cervical 
spine strain, cervical disc disease, or shoulder 
pathology, postoperative symptoms of pain may 
persist in the neck, shoulder, and arm even 
though paresthesia in the hand has been relieved. 
Some investigators will classify this as a good 
result because of relief of paresthesia, while 
others would call this fair or even failure because 
of the persistent pain. As a result, it is hard to 
compare the success rate of different studies.

 Length of follow-up is very important in this 
evaluation because results are known to deterio-
rate over time, although 80% of failures will 
appear within the fi rst 2 years. All approaches 
have success rates of over 90% for the fi rst few 
months. Therefore, reports that include follow-
ups of less than 1 year are not too meaningful. 
Accepting these limitations, one can still get an 

TABLE 61.3. Scalenectomy without rib resection.

      Length of follow-up Level of
Reference Year Operations Excellent/good (%) Fair (%) Failed (%) (months) evidence

Sanders15 1989  279 62  8 30 36–60 (life table) 3
Dellon42 1993   11 91   9 12–37 4
Razi43 1993   65 97   3 3–39 4
Gockel44,* 1994  107 63  37 24–132 3
Cheng14 1995   43 76  24 24 (life table) 3
Thomas38 1995   55 80 14  6 6–26 3
Jamieson45 1996  368 53 25 22 24 minimum 3
Axelrod46 2001   89 64  36 47 average 3
Total  1017 53%–97% 8%–25% 3%–37%
Mean   70% 14% 23%

* = scalenotomy.
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idea of the success rate of supraclavicular and 
transaxillary approaches from the lists in Tables 
61.1 through 61.3. Note that the studies that 
include some patients with follow-ups of under 
12 months are the only ones with failure rates of 
under 10%. In those few studies with minimum 
follow-ups of 24 months, failure rates all exceed 
20%. The results are about the same for all 
approaches. There is no statistically signifi cant 
advantage of any one of the approaches. In two 
reports, different techniques are compared with 
the operations and criteria of evaluation being 
the same for all procedures. In one, there was no 
statistical difference between scalenectomy with 
or without rib resection14 and in the other the 
results of all three approaches were virtually 
identical using life-table methods to 15 years15 
(Figure 61.1).

Grading each report on the basis of the evi-
dence, which includes subjective criteria for 
success and length of follow-up, no study could 
be graded higher than a 3. Studies graded 4 were 
those that had a very small sample size, or success 
rates of over 89% or had follow-ups of only a few 
months. The three studies using life-table 
methods of follow-up 13–15 were graded 3.

Using evidence-based reports, the transaxil-
lary and the supraclavicular approach have 
similar success rates. In selecting an approach, 
the training of the surgeon may be the deciding 
factor. Because this operation is one most sur-
geons seldom perform, familiarity with one 
approach is an advantage. The better approach 
may be the one the surgeon can perform with the 
least number of complications. However, it is 
worth noting a comparison of the two operations 

by one group who performed 30 transaxillary 
fi rst rib resections in a 15-year period between 
1972 and 1987. There were 21 complications. 
Thirteen of these were pneumothoracies (9 
requiring chest tubes), 3 were long thoracic nerve 
injuries (10%), and 3 were subclavian vein 
injuries with blood loss of 500 to 2400 mL (10%). 
Because of the high complication rate and diffi -
culties of exposure, they began using the supra-
clavicular route. Among the15 patients treated 
with anterior and middle scalenectomy (in one 
patient the fi rst rib was also removed; in four 
others a cervical rib was also removed) there was 
only one complication, a urinary tract infection. 
Long-term results averaging 3 years revealed 83% 
improvement in the transaxillary group com-
pared to 100% improvement in the supraclavicu-
lar group. They concluded that in addition to the 
poorer statistic, the transaxillary approach was 
more diffi cult to perform and much more diffi -
cult to teach.47
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The transaxillary and the supraclavicular 
approach have similar success rates (level of 
evidence 3; recommendation grade C). In 
selecting an approach, the training of the 
surgeon may be the deciding factor; familiar-
ity with one approach is an advantage.

Our preference is for the supraclavicular 
approach. Over the past 35 years, we have tried 
both transaxillary and supraclavicular routes. 
We fi nd the transaxillary approach technically 
more diffi cult. Moreover, even though the lower 
portion of the anterior scalene muscle can be 
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excised through this route, it is not possible to 
achieve a complete anterior or middle scalenec-
tomy nor a complete neurolysis through the 
axilla. Our current operation for NTOS is supra-
clavicular anterior and middle scalenectomy 
with selective fi rst rib resection through the same 
incision. The decision for rib resection is based 
on the relationship between fi rst rib and lower 
trunk of the plexus. Using this approach, we have 
removed fi rst ribs in only about 15% of the last 
150 patients we have operated upon for NTOS 
during the past 2 years. We continue to note no 
difference in results between those with rib resec-
tions and those without rib resections. For VTOS 
we continue to use the transaxillary or the infra-
clavicular routes.
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62
Pectus Excavatum in Adults
Charles B. Huddleston

depression is more to the right than left side of the 
chest. The degree of the deformity is assessed 
radiographically. The most common assessment of 
the severity is the pectus index, a ratio of the trans-
verse diameter of the chest divided by the distance 
from the posterior aspect of the sternum to the 
anterior aspect of the spine at its narrowest point. 
Normal is approximately 2.5.4 Greater than 3.5 is 
considered abnormal and greater than 5.0 is severe. 
How that relates to symptoms or indications for 
operation varies from center to center. Certainly 
many patients with high pectus index will have few 
or no symptoms, whereas a patient with a pectus 
index of 3.5 may be quite symptomatic.

62.2. Indications for Repair

The controversial issues surrounding the care of 
patients with pectus excavatum relate to whether 
or not operation is warranted and what operation 
to perform. Most patients will seek care during 
childhood or teenage years. However, adults who 
were told that this was an insignifi cant deformity 
of cosmetic concern only during their childhood 
years may present for treatment as adults.

Patients generally present with symptoms of 
pain, exertional intolerance, or embarrassment 
over the appearance. Adults with this disorder often 
did not receive care for this because of the bias of the 
pediatrician or family physician serving as the 
primary caregiver, who may have held the notion 
that it poses no serious health problem and is of cos-
metic importance only. Some believe that the child 
will grow out of it. For a variety of reasons, many 

Pectus excavatum is a chest-wall deformity occur-
ring in approximately 1 in 400 individuals and is 
identifi ed four times more commonly in males 
than females. Based upon this fi gure, a region 
with 30,000 live births per year (approximately 
what would occur in an area with a population of 
2,000,000) would expect to have 75 children born 
with pectus excavatum per year. The underlying 
etiology is unknown. More than 90% have some 
evidence of depression of the sternum at birth 
with progression of the severity of the deformity 
over the course of their growth and development.1 
Many patients will note that a family member also 
has this deformity, although no clear genetic pre-
disposition to this as an isolated entity has been 
identifi ed. Patients with connective tissue disor-
ders, such as Marfan’s syndrome, have a fairly 
high incidence of pectus excavatum or pectus 
carinatum.2 Because these disorders are generally 
of genetic origin, there is likely a chromosomal 
correlation in this instance. It has also been noted 
in higher frequency in patients with abnormali-
ties of the diaphragm, such as congenital dia-
phragmatic hernia.3 In this case, the chest-wall 
deformity is likely related to mechanical forces 
exerted on the chest wall during development.

62.1. Assessment

Anatomically, pectus excavatum is characterized 
by depression of the sternum with posterior curva-
ture of the attached ribs. It usually involves the 
inferior half of the sternum. There may be asym-
metry of the deformity and when this is present the 
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children with pectus excavatum do not undergo 
repair and present as adults with this deformity.

62.3. Options for Management

There are a variety of operations available for 
these patients, although the two most commonly 
utilized procedures are the Ravitch procedure5 

and the Nuss procedure.6 The Ravitch procedure 
was introduced in the 1940s and has been modi-
fi ed by Welch7 and others (Figure 62.1). This 
involves subperichondrial resection of the costal 
cartilages involved in the deformity, a so-called 
chondrectomy. The sternum is divided trans-
versely at the point of posterior angulation of the 
sternum and a small wedge is removed anteriorly 
so that the inferior portion of the sternum can be 
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FIGURE 62.1. The technique for the modified Ravitch procedure 
for pectus excavatum. (A) The deformed costal cartilages are 
resected in a subperichondrial fashion from the sternum to the 
costochondral junction or to a point where the deformity ends. 
(B) A wedge of sternum including the anterior table is resected 
at the point of posterior angulation of the sternum. The 
posterior table is fractured so that the lower portion of the 
sternum can hinge forward to come in to proper alignment. 
(C) A metal strut is placed under the sternum so that the ends 
rest on the ribs and is left in place laterally. Reprinted from 
Stanberger RC. Congenital chest wall deformities. Ann Probl 
Surg 1996;33(6):469–542. Copyright © 1996 with permission 
from Elsevier.
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hinged anteriorly. The sternum is stabilized with 
a metal strut placed behind the sternum, resting 
on the ribs present laterally. Generally, this strut 
is left in place for 3 to 6 months, during which 
time the resected ribs re-grow.

The Nuss procedure has been described as a 
minimally invasive repair (Figure 62.2) It is per-
formed by passing a large clamp, from a small 
incision on one side, through the pleural space, 
under the sternum at the point where it is at its 
most posterior depression, through the pleural 

space on the other side and out through another 
skin incision on the opposite side. A preformed 
bar is grasped and pulled through the chest with 
the concavity facing posteriorly. Once positioned, 
the bar is rotated 180°, elevating the depressed 
sternum. The bar is fi xed in place with metal sta-
bilizers attached to the ribs laterally. One addi-
tional bar is occasionally necessary to completely 
correct the deformity. The bar is left in place for 
a minimum of 2 years to avoid the risk of 
recurrence.

A

B

C

FIGURE 62.2. (A) The Nuss procedure is performed by making 
an incision on both sides of the chest at the level of the greatest 
depression of the sternum. A clamp is passed from one side to 
the other, through the pleural spaces and behind the sternum. 
(B) A preformed bar is grasped and pulled back through the 
path created by the clamp. (C) Using a special wrench, the bar 
is then turned 180° to pop the sternum outward. Reprinted 
from Nuss D, Kelly RE, Jr., Croitoro DP, Katz ME. A 10-year review 
of a minimally invasive technique for the correction of fectus 
excavation. J Pediatr Surg 1998;33(4):548. Copyright © 1998 
with permission from Elsevier.
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62.4. Results of Repair

There have never been any studies comparing 
operative repair to untreated patients with pectus 
excavatum. For the most part, prior studies use 
the patients as their own controls, comparing a 
variety of physiological parameters before and 
after repair, beginning with the fi rst reported 
repair of pectus excavatum. Sauerbruch’s patient, 
described in 1920, was 18 years old with dyspnea 
and palpitations associated with limited exercise; 
following repair he was working 12 hs per day 
without tiring.8 Anecdotes such as this have con-
vinced many surgeons of the value of repairing 
pectus excavatum in patients complaining of 
exercise intolerance. Studies performed on series 
of patients in more recent decades evaluate more 
specifi c physiological parameters, including pul-
monary function tests and various indicators of 
exercise tolerance. There is no question that some 
patients experiencing symptoms of exercise intol-
erance are improved following repair of pectus 
excavatum. Stamina is a complex issue with many 
potential contributing factors, but is certainly 
impacted by anything that might depress cardiac 
or pulmonary function. At fi rst glance, one might 
assume that lung capacity is reduced with pectus 
excavatum and improved following relocation of 
the sternum to its normal position. In fact, pul-
monary function tests generally show mildly 
restrictive lung volumes with total lung capacity 
and forced vital capacity (FVC) of approximately 
80% predicted; forced expiratory volume in 1 s 
(FEV1)/FVC ratio is generally normal.9–12 Evalua-
tion of lung volumes at up to 3 years postrepair 
show that the lung volumes at best return to base-
line,12 with some studies showing a 10% decline 
from baseline values, presumably related to a 
reduction in chest-wall compliance11,12 (Table 
62.1) More sophisticated studies involving exer-
cise evaluation of pulmonary function also failed 
to demonstrate objective improvement to corre-
late with the symptomatic improvement noted.

A study from the National Heart and Lung 
Institute was published in the New England 
Journal of Medicine in 1972 concerning cardiac 
function and exercise in patients with pectus 
excavatum.13 These patients were older teenagers 
and young adults with what was described as a 
moderate pectus excavatum deformity. These 

individuals were subjected to supine and upright 
exercise while instrumented, allowing for mea-
surement of cardiac output, pulmonary artery 
oxygen saturation, heart rate, blood pressure, 
and arterial oxygen saturation. Measurements at 
baseline and during supine exercise were within 
normal limits and similar to a cohort of control 
individuals with normal chests. However, during 
upright exercise, the cardiac index fell signifi -
cantly below that seen in the normal group. When 
these measurements were repeated 4 months 
following repair of the chest-wall deformity, 
the cardiac index during upright exercise had 
increased 38% compared to the preoperative 
measurements and was similar to that measured 
in the group of normal individuals. The heart 
rate was the same pre- and postrepair during 
exercise. It was therefore postulated that this 
increase was related to an improved stroke 
volume. It was further theorized that the sternal 
depression compressed the anterior wall of the 
right ventricle; when this was lifted away by the 
repair the right ventricle could respond normally 
to exercise.13 Other studies have documented a 
marked decrease in symptoms after surgical cor-
rection of pectus excavatum in a regulated exer-
cise protocol.14 Further evidence supporting the 
notion of improved stroke volume following 
repair was forthcoming from a study on the echo-
cardiographic features of pectus excavatum. In 
this study, it was noted that the right ventricular 
volume indices were depressed in patients with 
pectus excavatum and increased following 
repair.15

The subject of the relation of pectus excavatum 
to cardiopulmonary function remains controver-
sial, however. In spite of confl icting data, the 

TABLE 62.1. Evaluation of lung volumes at up to 3 years 
postrepair.

 FVCa FEV1
a RVa Reference

Prerepair 81%  117% Quigley12

Postrepair 80%  109%
Prerepair 86% 85% 128% Kaguraoka11

Postrepair 85% 85% 116%
Prerepair 78% 79% 104% Morshuis9

Postrepair 71% 73%  84%

Abbreviations: FEV1, forced expiratory volume in 1 s; FVC, forced vital 
capacity; RV, residual volume.
aValues expressed in percent predicted.
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bottom line is that the vast majority of patients 
with symptoms of exercise limitations prior to 
repair feel subjectively improved after repair.16 
The role of conditioning and subjective response 
to surgery confound some of the studies showing 
a favorable response to repair and provide grist 
for those who doubt that there is any true 
physiological importance to this chest-wall 
deformity.

Although some studies have been reported 
comparing the Nuss and Ravitch procedures in 
children, such reports do not exist for adults. In 
general, the Nuss procedure takes less operative 
time, but is associated with greater need for 
postoperative narcotics, longer hospitalization, 
more complications, and more frequent re-
operations.17–19 The age range for patients in 
these studies is generally early-to-late teens. It is 
assumed that this information can be translated 
to the adult population. The original publication 
by Nuss and colleagues suggested that the ideal 
age for this procedure was before puberty, pri-
marily because it was felt that a malleable chest 
wall was a necessary ingredient for success of the 
operation.6 This assumption seemed to be con-
fi rmed by studies that demonstrated that the 
force necessary to elevate the sternum correlates 
directly with the age of the patient. Children 
under 11 years of age required approximately 15 
pounds of pressure while adults over the age of 
19 years required 41.2 pounds.20 Subsequent 
reports have shown that the Nuss procedure can 
be successfully applied to adults.21 Likewise, the 
modifi ed Ravitch procedure has a long history of 
application in adults and is associated with results 
similar to those seen in children. However, 
the procedure is generally more diffi cult when 
performed in adults from a technical point of 
view.22

Having focused on the more objective issues 
with pectus excavatum, a rather subjective com-
ponent with this deformity relates to its appear-
ance and the impact that has on an individual. 
Many adults seek treatment primarily because 
they are embarrassed by the appearance of their 
chest with or without other symptoms. There is 
no question that patients are very satisfi ed with 
the postcorrection results and feel as though they 
are capable of leading a more enjoyable life. No 
study has attempted to quantify this in adults, 

however. Another method of repair that produces 
a satisfactory cosmetic result involves placement 
of a Silastic mold into the subcutaneous space to 
alter the contour of the chest.23 This obviously 
does nothing to the skeletal abnormalities and 
likewise would not be associated with any altera-
tion in the physiological changes associated with 
pectus excavatum.

62.5. Recommendations

In summary, adults occasionally present with 
pectus excavatum seeking either treatment or 
advice regarding its consequences. This defor-
mity can produce symptoms of intolerance to 
exertion that are often subjectively improved fol-
lowing repair. When the cosmetic appearance is 
the primary concern, operative repair is quite 
effective. The level of evidence supporting this is 
2++ and the recommendation grade is B. Whether 
a surgeon chooses the Nuss or Ravitch procedure 
is based primarily on his or her experience and 
level of comfort with one procedure or another. 
It has been generally felt that the Nuss procedure 
is less likely to effectively treat this disorder 
because of the lack of malleability in the ribs 
seen in younger adults. The evidence level is 3 to 
4 and the recommendation grade is C. The deci-
sion to repair this deformity rests primarily 
with the patient. He or she will have to balance 
the impact of symptoms, likelihood that they are 
related to the deformity, and the implications of 
a surgical procedure. These implications include 
the peri-operative risk, the length of hospitaliza-
tion, time off work, and the rehabilitation 
involved. Pectus excavatum is not a life-threaten-
ing disorder.)

In adults with pectus excavatum in whom the 
cosmetic appearance is the primary concern, 
operative repair is quite effective (level of evi-
dence 2++; recommendation grade B).

The Nuss procedure is less likely to effec-
tively treat this disorder because of the lack of 
malleability in the ribs of older adults (level of 
evidence 3 to 4; recommendation grade C).
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symptoms of, 365

Diaphragmatic rupture, acute, 
379–384

diagnosis of, 380–381
injuries associated with, 

379–380
mechanism of injury in, 379
as mortality cause, 379–380
repair of, 381–383

Diarrhea, gastric drainage 
procedures-related, 
253–254

Dietary function, post-
esophagectomy, 252, 255

Diverticulectomy, for Zenker’s 
diverticulum, 323, 324–325, 
329

re-operative, 328
Diverticulopexy, for Zenker’s 

diverticulum, 323, 324, 325
Diverticulum, 

pharyngoesophageal. See 
Zenker’s diverticulum

Docitaxel, tumor resistance to, 99
Doxorubicin

as malignant pleural 
mesothelioma treatment, 
451–452

with hyperthermia, 457
tumor resistance to, 99

Doxycycline, as sclerosing agent, 
190–191, 410, 411, 412, 416, 
419. See also Tetracycline, 
as sclerosing agent

Drug resistance, in vitro assays of, 
98–99

Dumon stents, 388, 389, 391, 
394

Dumping syndrome, 253–254
Dyspepsia, diaphragmatic 

eventration-related, 356
Dysphagia

achalasia-related, 285, 286, 287
Heller myotomy for, 292, 293, 

294, 295
following fundoplication, 279, 

280–281, 282, 283
Zenker’s diverticulum-related, 

323
Dyspnea

diaphragmatic eventration-
related, 356

emphysema-related, 175, 177
malignant pleural effusion-

related, 414
pericardial cyst-related, 489
pericardial effusion-related, 

482
pleural effusion-related, 409
spontaneous pneumothorax-

related, 430
thyroid cancer-related, 398

E
Echocardiography

of pericardial cysts, 488
of pericardial effusions, 482

Emphysema
effect on pulmonary function, 

175
lung volume reduction surgery 

(LVRS) for, 175–185
advantages of, 177–178
as bridge to lung 

transplantation, 179–182
in combination with lung 

transplantation, 175, 
179–182

effect on life expectancy, 
175

effect on pulmonary 
function, 180, 181

for end-stage emphysema, 
176–177

lung transplantation versus, 
175–179

mortality rate in, 178, 179
patient selection for, 175–177
survival time following, 

181–182
Empyema

in children, 43, 438
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management of, 434
with intrapleural fi brinolytic 

therapy, 435–438
with tube thoracostomy, 

434–435
open drainage of, 5–6
pathophysiology of, 433–434
as pleural space infection 

component, 433
Endoscopic procedures

for paraesophageal hernia 
evaluation, 321

for shortened esophagus 
diagnosis, 318–319

for Zenker’s diverticulum, 
326–328, 329

Zenker’s diverticulum as 
contraindication to, 323

Enteral nutrition, for 
esophagectomy patients, 
242, 245–247

Enterostomy, types of, 242
Epidermal growth factor, 99
Epidermal growth factor 

receptors, 171
Epirubicin, as preoperative 

esophageal cancer therapy, 
202

ERCC1, 99
Esophageal cancer. See also 

Adenocarcinoma, 
esophageal; 
Esophagectomy; Squamous 
cell carcinoma, esophageal

completely resected, adjuvant 
therapy for, 265–270

chemotherapy, 265–269
in Japan, 265–268
radiation therapy, 265–266, 

267, 269, 270
in Western countries, 

268–269
5-year survival rates in, 200
hypothermia therapy for, 205
induction therapy for, 200–207
Lewis-Tanner operation for, 

208
lymph node dissection of, 

225–233
during en bloc 

esophagectomy, 229–230, 
231–232

during three-fi eld 
lymphadenectomy, 230–231

during transhiatal 
esophagectomy, 225–227, 
228–229, 231

during transthoracic 
esophagectomy, 227–229, 
231

metastatic
to celiac lymph nodes, 271–278
endoscopic ultrasound 

detection of, 195, 197–198
M1 subclassifi cation of, 271, 

276
positron emission 

tomography detection of, 
195, 197–198

transthoracic versus 
transhiatal resection of, 
209–210

neoadjuvant therapy for
endoscopic ultrasound-based 

restaging of, 197
positron emission 

tomography-based 
restaging after, 196

radiation therapy for, 269
resectable, induction therapy 

for, 200–207
stage IVA, 271
staging of, 195–199

effect of transthoracic 
resection on, 209–210

with endoscopic 
ultrasonography, 195, 
196–198

with positron emission 
tomography, 195–196, 
197–198

tracheal-invasive, resection of, 
398, 402–404

tracheoesophageal fi stula 
associated with, 398–399

Esophageal perforation
with Boerhaave’s syndrome, 

298, 299–300
with delayed diagnosis, 298–304

esophagectomy for, 298, 299, 
300–301, 303

nonoperative therapy for, 
301–302

primary repair of, 298–304
standard repair of, 298–300

iatrogenic, 301
intramural, 301
mural, 301

Esophageal strictures. See 
Strictures, esophageal

Esophagectomy
with airway resection, 399, 

402–404
complications of, 259
as emergency procedure, 301
en bloc, lymph node dissection 

during, 227–229, 231
for esophageal perforations, 

with delayed diagnosis, 
298, 299, 300–301, 303

gastric emptying procedures 
after, 250–257

as bile refl ux cause, 254
complications of, 251–252, 

253, 255
diarrhea as contraindication 

to, 253–254
dumping syndrome as 

contraindication to, 
253–254

effect on clinical practice, 
255–256

effect on diet, 252
effect on gastric emptying, 

252–253
gastric stasis and, 250–251, 

254
jejunostomy after, 242–249
for mega-esophagus, 285
minimally invasive

complications of, 221
effect on cancer recurrence, 

221–222
effect on quality of life, 222
effect on survival rates, 

221–222
following failed achalasia 

treatment, 290
with laparotomy, 218, 219, 220
morbidity and mortality rates 

in, 220–221, 222
versus open approach, 

218–224
prospective E2202 trial of, 

223
with thoracoscopy, 218

mortality rate in, 221, 222, 242
nutritional support for patients, 

242–249
posterior mediastinal versus 

retrosternal reconstruction 
after, 258–264
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Esophagectomy (cont.)
as anastomotic leak risk 

factor, 260, 261
complications of, 259, 260
as duodenogastroesophageal 

refl ux risk factor, 262
effect on clinical practice, 

262–263
effect on quality of life, 262
late outcomes of, 261–262
operative mortality, 259, 260
tumor recurrence rates, 

261–262
with radical lymphadenectomy, 

273
robotic, 218
for sigmoid-esophagus, 285
subtotal, 234, 235, 237–239
thoracotomy of, comparison 

with video-assisted 
thoracic surgery, 222

transhiatal, 301
of celiac lymph node 

metastases, 275–276
comparison with 

transthoracic 
esophagectomy, 208–214

lymph node dissection 
during, 225–227, 228–229, 
231, 275–276

transthoracic, 208–214
clinical effects of, 210–213
comparison with transhiatal 

esophagectomy, 208–214
complications of, 210–213
effect on staging, 209–210
long-term survival rate, 

213–214
lymphadenectomy during, 

265
lymph node dissection 

during, 227–229, 231
meta-analysis of, 208–214

with video-assisted thorascopic 
surgery (VATS), 218, 220, 
222

Esophagitis
esophagogastroduodenoscopy 

of, 372
lengthening gastroplasty-

related, 310
Esophagogastric junction, 

anatomical location of, 
372

Esophagogastroduodenoscopy, 
372

Esophagogastrostomy, cervical 
and intrathoracic 
anastomotic, 234–241

Esophagoscopy, of giant 
paraesophageal hernias, 
319

Esophagus
megaesophagus, 285, 290
mobilization of, in hiatal hernia 

repair, 372–373
short

defi nition of, 306–307
giant paraesophageal hernia-

related, 307, 343–344, 347, 
348

intraoperative diagnosis of, 
308–309

lengthening gastroplasty for, 
305–317

medical therapy for, 311
predictive factors for, 307–308
preoperative evaluation of, 

318–319
sigmoid, 285, 290

Etoposide, 96
as induction therapy

for esophageal cancer, 202
for lung cancer, stage IIIA, 

78, 89
for lung cancer, stage IIIB, 

131, 132
for mediastinal germ cell 

tumors, 475
as lung cancer adjuvant 

therapy, 96
tumor resistance to, 99

E2202 trial, of minimally-invasive 
esophagectomy, 223

Evidence-based clinical practice 
(EBCP), 13

Evidence-based medicine, 13–20
defi nition and principles of, 13
goal of, 44
grades of recommendation in, 

14–19
levels of evidence in, 14–19
limitations to, 19
rationale for, 14

Excainide, 15
Expected utility theory, 21
Expected Value of Individualized 

Care (EVIC), 32

F
Fibrinolytics, intrapleural, 433, 

435–438
adverse effects of, 437
use in children, 435, 437, 438

First Multicenter Intrapleural 
Sepsis Trial (MIST-1), 433, 
435, 437

Fistulae
broncho-pleural, 135
esophagorespiratory, 403
tracheoesophageal, 398–399

Flecainide, 15
Fleming, Alexander, 5
5-Fluorouracil

as adjuvant therapy, for 
resected esophageal cancer, 
266–268

as induction therapy
for esophageal cancer, 202
for lung cancer, stage IIIA, 89
for lung cancer, stage IIIB, 

132
for lung cancer, stage N3, 

133
Forced expiratory volume in one 

second (FEV1), in 
emphysema, 175, 178, 
180–181, 182, 183

French Thoracic Cooperative 
Group, 84

Fundoplication, 310
after laparoscopic myotomy, 

292–297
Collis-Nissen, 352
Dor, after laparoscopic 

myotomy, 293–297
laparoscopic, 309–310
for large hiatal hernias, 371
Nissen

after laparoscopic myotomy, 
293

with Collis gastroplasty, 305
for paraesophageal hernia 

repair, 321
partial versus total, 279–284
Toupet, after laparoscopic 

myotomy, 293

G
Gastric cancer, with celiac lymph 

invasion, 272
Gastric drainage. See Gastric 

emptying procedures
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Gastric emptying
delayed, 250
effect of gastric drainage 

procedures on, 252–253, 
255–256

Gastric emptying procedures, 
after esophagectomy, 
250–257

as bile refl ux cause, 254
complications of, 251–252, 253, 

255
diarrhea as contraindication to, 

253–254
dumping syndrome as 

contraindication to, 
253–254

effect on clinical practice, 
255–256

effect on diet, 252
effect on gastric emptying, 

252–253
gastric stasis and, 250–251, 254

Gastric pull-up, 250
Gastric stasis, after 

esophagectomy, 250–251
Gastric ulcers, esophagogastro-

duodenoscopy of, 372
Gastroesophageal refl ux disease 

(GERD)
lengthening gastroplasty for, 

283, 305–317
partial versus total 

fundoplication for, 279–284
Gastroplasty, lengthening, 

305–317
Collis

for gastroesophageal refl ux 
disease, 283, 305, 310, 311

for giant paraesophageal 
hernias, 319, 321, 344, 345, 
347, 348

Collis-Belsey, 310
Collis-Nissen, 305, 309, 310, 

311–312
for gastroesophageal refl ux 

disease (GERD), 283, 
305–317

for giant paraesophageal 
hernias, 283, 318–322, 319, 
344, 345, 347, 348

stapled wedge, 309, 310, 312–313
Gemcitabine

in combination with cisplatin, 
134

as induction therapy
for malignant pleural 

mesothelioma, 447
for stage N3 lung cancer, 133

as malignant pleural 
mesothelioma therapy, 
443

as stage N3 lung cancer 
neoadjuvant therapy, 132

tumor response rate to, 134
General Thoracic Surgery Club, 

140
Gene ratio, in malignant pleural 

mesothelioma, 457–458
Gentamicin, as sclerosing agent, 

188
German Lung Cancer Cooperative 

Group, 135
Germ cell tumors, mediastinal. 

See Primary mediastinal 
nonseminomatous germ 
cell tumors (PMNGCT)

Gianturco stents, 391, 392–393
Ground-glass opacifi cation, 

bronchoalveolar lung 
cancer-related, 166, 172

H
Healthcare Cost and Utilization 

Project, 352–353
Health insurance industry, 10
Health Maintenance 

Organizations (HMOs), 40
Hematological cancers, 

pericardial metastatic, 
483

Hemidiaphragm, membranous 
appearance of, 356

Hepatocyte growth factor, 99
Hernias. See also Hiatal hernias; 

Paraesophageal hiatal 
hernias

diaphragmatic, differentiated 
from diaphragmatic 
eventration, 356

Herniorrhaphy, laparoscopic 
paraesophageal, 351–352

Hiatal hernias. See also 
Paraesophageal hiatal 
hernias

classifi cation of, 318, 350, 
371–372

emergency repair of, as 
mortality cause, 352–353

large
crural closure techniques for, 

371–378
diagnostic studies of, 372
fundoplication for, 371
laparoscopic repair of, 

372–374, 375
nonreducible, 307

sliding, 371
Hiatoplasty, tension-free, 374
Hill, Lucius, 354
Hippocrates, 3, 5–6
Hormone receptors, 99
Hyperplasia, atypical 

adenomatous, 166
Hyperthermia, as esophageal 

cancer treatment, 205
Hypoplasia, ipsilateral 

pulmonary, 356, 357

I
Ifosfamide, as stage IIIB lung 

cancer therapy, 132
Immunosuppression, in lung 

transplant recipients, 
177

Indiana University, 124
Induction therapy. See also under 

specifi c types of cancer
cancer restaging after, 129–130

Information, medical, 6–8
Insulin, 5
Intercostal nerves, electrical 

activation of, 367
Intercostal tube drainage, of 

secondary pneumothorax, 
425

Interferon-α, as sclerosing agent, 
410

Interferon-γ, 434
Interleukin-1, 433, 434
Interleukin-6, 433
Interleukin-8, 433
International Adjuvant Lung 

Cancer Trial (IALT) 
Collaborative Group, 77, 
96, 97

International Cochrane 
Collaboration Review 
Group on Decision Aids, 
47–49

International Germ Cell Cancer 
Collaborative Group, 
474–475
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(JCOG), 76, 78, 90
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(JEOG), 265–268
Jejunostomy, after esophagectomy, 

242–249
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K
Kaplan-Meier survival curves

of limited pulmonary resection, 
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of lung metastases, 159
of mediastinal germ cell 

tumors, 479
Killian’s triangle, 323

L
Lactate dehydrogenase, 433
Laparoscopic diaphragm pacing 

stimulation (DPS) system, 
367

Laparoscopic procedures
for colorectal cancer, 36
with diaphragm pacing 

electrode implementation, 
365–366, 367

with esophageal-lengthening 
gastroplasty, 309–310

with fundoplication, 309–310
for giant paraesophageal hernia 

repair, 319, 343, 346–348, 
351–354

comparison with open 
techniques, 320, 321

for large hiatal hernia repair, 
372–374, 375

with myotomy, 287–289, 
292–297

for traumatic diaphragmatic 
injury diagnosis, 381

Laparotomy
with diaphragmatic plication, 

360
for giant paraesophageal hernia 

repair, 343, 344–345, 346
with minimally-invasive 

esophagectomy, 218, 219, 
220

of traumatic diaphragmatic 
injuries, 381, 382, 383

Laryngectomy, of tracheal-
invasive thyroid cancer, 
400, 401

Lavage
diagnostic peritoneal, 381
hyperthermia intracavitary 

intraoperative 
chemotherapeutic, 
456–457

Leapfrog Group, 10
Learning, interactive, 14
Leucovorin, as induction therapy

for esophageal cancer, 202
for stage IIIA lung cancer, 89

Lister, Joseph, 5
Lobectomy

of bronchoalveolar cancer, 167, 
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of lung cancer, stage I, 120–121, 
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lesser resection versus, 
110–118

limited resection versus, 
110–118

local cancer recurrence after, 
112, 113

pulmonary function and, 
110–118

survival rates in, 112–113, 
114, 116–117

wedge resection versus, 
120–121

of lung cancer, stage IIIA/N2, 
76, 79

minimally invasive, 140
radiation therapy following, 95

sleeve
cancer recurrence patterns 

after, 106–107, 108
effect on nodal status, 

105–106
effect on quality of life, 107, 

108
of lung cancer stage N3, 136
versus pneumonectomy, 

103–109
postoperative complications 

of, 106
survival rates after, 104–105, 

108
with video-assisted thorascopic 

surgery (VATS), 140–146
watchful waiting versus, 23, 

25–26, 27–29
Lower esophageal sphincter (LES)

in achalasia, 285, 292
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manometric evaluation of, 372

Lung cancer. See also 
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Bronchoalveolar cancer

as airway obstruction cause, 
387

Bacillus Calmette-Guerin 
treatment for, 15–16

early-stage, defi nition of, 111
mediastinal involvement in, 60, 

62–63, 64, 65
metastatic

to the pericardium, 483
positron emission 
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60, 61, 62–63, 65

with solitary metastatic site, 
61–62, 65

radiographic staging of, 59–67
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adjuvant chemotherapy for, 
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adjuvant postoperative 
therapy for, 94–102

adjuvant radiation therapy 
for, 94–95

adjuvant therapy for, 95–99
biological staging of, 99–100
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function, 119–127
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64, 65

defi nition of, 111
induction therapy for, 82–87
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lesser resection of, 112–113, 
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lesser resection versus 

lobectomy of, 110–118
lesser resection versus 
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119–127
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68–74
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staging of
components of, 59
with computed tomography, 

60–65
with International Staging 

System for Lung Cancer, 88
invasive, 59
invasive mediastinal, 129
with magnetic resonance 
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mediastinal, 59, 129
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66
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175–177, 183
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lymphadenectomy, 
230–231
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of diaphragmatic injuries, 381
for lung cancer staging, 60, 62, 

65
of pericardial cysts, 488

Malignant pleural effusions 
(MPE)

effect on life expectancy, 414
pleurodesis of, 414

rapid, 415–416
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375–376
Mesothelioma, malignant pleural, 

451–459
antifolate antagonist therapy 

for, 443, 457
chemotherapy for, 443
debulking surgery for, 445
decortication of, 444, 445–449, 

451, 452
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