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Preface to the First Edition

Why do thoracic surgeons need training in decision making? Many of us who have 
weathered harrowing residencies in surgery feel that, after such experiences, deci-
sion making is a natural extension of our selves. While this is no doubt true, correct 
decision 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 stimu-
lated 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 specific 
clinical problems in thoracic surgery and provide recommendations regarding their 
management using evidence-based methodology. Producing a text that will purport-
edly guide experienced, practicing surgeons in the decision-making process that 
they are accustomed 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 consid-
ered to be experts in their fields. They were given the unusual (to many of them) task 
of critically evaluating evidence on a well-defined topic and provide two opinions 
regarding appropriate management 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 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 the physician 
nor the 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 com-
plex, individualized, and rapidly evolving specialty. Recommendations made today 
for one patient may not be appropriate for that same patient in the same situation 
several years hence. Similarly, one recommendation will not serve all patients well. 
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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 her staff for the rapid processing of the manuscripts. 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 infor-
mation is the key to improved patient care and outcomes.

Chicago, IL, USA Mark K. Ferguson 
March 27, 2006

Preface to the First Edition
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Preface to the Fourth Edition

Much has changed in the 14 years since the first volume of this book was published. 
At the time of this writing, there is a growing desire among many people worldwide 
to live in a more insular and homogenous environment. Coupled with this is a grow-
ing population of implacable individuals who choose to deny science, either through 
ignorance, mistrust, or the fervent wish that the facts they choose not to like really 
do not exist. Leaders now offer “alternative truths,” boldfaced falsehoods that, 
repeated often enough, acquire a ring of truth among those whose factual knowl-
edge comes primarily from untrustworthy sources.

Fortunately, those who work in the medical sciences have not been influenced by 
these cultural changes. Medical science is built on a foundation of continuous ques-
tioning of accepted beliefs in the hope of improving our knowledge and our ability 
to care for our patients. Those who attack medical scientists for changing guide-
lines, standards, and algorithms for care as if being guided by whimsy do not under-
stand the iterative process that is the scientific method. Change should not be seen 
as a sign of uncertainty, but as a hallmark of progress. It is evidence that our clini-
cians and scientists are adapting to new challenges and learning new facts, and 
applying this to the benefit of their patients. It is in the spirit of this process that the 
present volume was developed.

As always, recommendations made in this book are not meant to be followed 
blindly, but are intended as guides to the reader. Hopefully, a sufficient amount of 
data is presented in each chapter so that the interested reader can make an indepen-
dent judgment about best decisions based on the practice setting, the individual 
patient, and the reader’s own skills.

I am, and the reader of this book should be, grateful for the sacrifices that the 
authors made to complete their chapters. The level of enthusiasm among the authors 
was high, and each of the chapters had an assigned author within 1 week of the 
project launch date. The authors were tasked to complete their chapters in less than 
80 days and were asked to not only bring their clinical expertise to bear, but at the 
same time were required to assume an attitude of equipoise in order to foster an 
objective view of the data. I think the reader will find that the authors succeeded 
admirably. My high esteem for the contributors is due to the fact that, despite their 
very busy clinical and academic schedules, not a single author asked for monetary 
or other compensation for the hours of work that was required.
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Working in the environment in which I do is a blessing that is increasingly appar-
ent to me every day. I am surrounded by smart, enthusiastic, and caring attendings, 
physician assistants, nurses, and trainees who comprise our thoracic surgery team. 
Our fellows, residents, and medical students are bright, inquisitive, and hardwork-
ing individuals who put our patients and their educational goals above any personal 
interests. I have colleagues around the world who are collaborative in advancing the 
art and science of surgery and who are supportive when I need help.

My hope is that readers will use this book as a source to enhance their knowl-
edge, stimulate further learning, and improve the care of their patients. If the book 
succeeds in even one of those domains, I will consider these efforts to have been 
worthwhile.

Chicago, IL, USA Mark K. Ferguson  
March 8, 2020

Preface to the Fourth Edition
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1Introduction

Mark K. Ferguson

 Introduction

Dorothy Smith, an elderly and somewhat portly woman, presented to her local 
emergency department with chest pain and shortness of breath. An extensive evalu-
ation revealed no evidence for coronary artery disease, congestive heart failure, or 
pneumonia. A chest radiograph demonstrated a large air-fluid level posterior to her 
heart shadow, a finding that all thoracic and general surgeons recognize as being 
consistent with a large paraesophageal 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. She was seen several 
weeks later in an outpatient setting by an experienced surgeon, who reviewed her 
history and the data from her emergency room visit. After evaluating a CT scan and 
barium swallow, the surgeon diagnosed a giant Type III paraesophageal hernia. The 
patient was told that an operation is often necessary to repair such hernias. Her sur-
geon indicated that the objectives of such an intervention would include relief of 
symptoms such as chest pain, shortness of breath, and postprandial fullness, and 
prevention of catastrophic complications of giant paraesophageal hernia, including 
incarceration, strangulation, and perforation. Ms. Smith, having recovered com-
pletely from her episode of a few weeks earlier, declined intervention, despite her 
surgeon’s strong expression of concern.

She presented to her local emergency department several months later with 
symptoms of an incarcerated hernia and underwent an urgent operation 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 per-
formed, an additional decision was whether to reconstruct immediately or at the 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_1&domain=pdf
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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 fundoplication should be con-
structed; and whether to reinforce the hiatal closure with non-autologous materials. 
Each of these intraoperative decisions could importantly affect the need for a subse-
quent reoperation, the patient’s immediate survival, and her long-term quality of 
life. Given the dire circumstances that the surgeon was presented with during the 
emergency operation, it would have been optimal if the emergent nature of the oper-
ation could have been avoided entirely. In retrospect, which was more correct in this 
hypothetical situation, the recommendation 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 the necessary 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 reasoned. All surgeons (and many of their 
spouses) are familiar with the saying “…often wrong, but never in doubt.” As early 
as the fourteenth century physicians were cautioned never to admit uncertainty. 
Arnauld of Villanova wrote that, even when in doubt, physicians should look and act 
authoritative and confident [1]. In fact, useful data do exist that could have an impact 
on many of the individual decisions regarding elective and emergent management 
of the giant paraesophageal hernia scenario outlined above. Despite the existence of 
these data, surgeons 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 field, often to the exclusion of 
objective data. It is believed that only 15% of medical decisions are scientifically 
based [2], and it is possible that an even lower percentage of thoracic surgical deci-
sions are so founded. In addition, it has recently been reported that standards of care 
based on accepted clinical evidence have been debunked after begin in use for long 
periods of time, sometimes decades [3]. With all of our modern technological skills, 
big data, machine learning/artificial intelligence, and communication skills, why do 
we still find ourselves in this situation?

 Early Surgical Decision Making

Physicians’ diagnostic capabilities, not to mention their therapeutic armamentar-
ium, were quite limited until the middle to late nineteenth century. Drainage of 
empyema, cutting for stone, amputation for open fractures of the extremities, and 
mastectomy for cancer were relatively common procedures, but few such conditions 
were diagnostic dilemmas. Surgery, when it was performed, was generally indicated 
for clearly identified problems that could not be otherwise remedied. Some sur-
geons were all too mindful of the warnings of Hippocrates: “…physicians, when 
they treat men who have no serious illness, … may commit great mistakes without 
producing any formidable mischief … under these circumstances, when they 
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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 over-
taking both the one and the other” [4]. 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” [5].

Based on small numbers of procedures, lack of a true understanding of patho-
physiology, frequently mistaken diagnoses, and the absence of technology to dis-
seminate new information quickly, surgical therapy until the middle of the nineteenth 
century was largely empiric. For example, by that 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 [6]. 
Decisions were based on dogma promulgated by word of mouth. This has been 
termed the “ancient era” of evidence-based medicine [7].

An exception to the empiric nature of surgery was the approach espoused by 
Hunter in the mid-eighteenth century, who suggested to Jenner, his favorite pupil, “I 
think your solution is just, but why think? Why not try the experiment?” [5] Hunter 
challenged the established practices of bleeding, purging, and mercury administra-
tion, believing them to be useless and often harmful. These 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 
“renaissance era” of evidence-based medicine, in which personal journals, text-
books, and some medical journal publications were becoming prominent [7].

The discovery of X-rays in 1895 and the subsequent rapid development of radiol-
ogy in the following years made the diagnosis and surgical therapy of a large para-
esophageal hernia such as that described at the beginning of this chapter 
commonplace. By 1908 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 at the Mayo Clinic [8, 9]. Thus, the ability to diag-
nose 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 objective data. In contrast, 
however, the memorable anecdotal case presented by master (or at least an influen-
tial) surgeons 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 to Europe for a year or 2, visiting renowned surgical centers to gain insight 
into surgical techniques, indications, and outcomes. An example is described in the 
memoir of Edward D.  Churchill, who was being groomed for leadership at the 
Massachusetts General Hospital in the late 1920s [10]. In the early twentieth cen-
tury Murphy attracted a similar group of surgeons to his busy clinic at Mercy 
Hospital in Chicago. His publication of case reports and other observations 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, compared to the strict empiri-
cism of the nineteenth century, there were more data available upon which to base 
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surgical decisions in the early twentieth century, but information regarding objec-
tive 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 [11]. 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 physicians in the United States for decades resulted in 
continued unacceptable infection rates for years after preventive measures were 
identified [12]. These are just a few examples of how ignorance and its bedfellow, 
recalcitrance, delayed progress in thoracic surgery in the late nineteenth and early 
twentieth centuries.

 Evidence-Based Surgical Decisions

There were important exceptions in the late nineteenth and early twentieth centuries 
to the empiric nature of surgical decision making. Among the first were the demon-
stration of antiseptic methods in surgery and the optimal therapy for pleural empy-
ema. Similar evidence-based approaches to managing global health problems were 
developing in non-surgical fields. Reed’s important work in the prevention of yel-
low fever led to the virtual elimination of this historically endemic problem in 
Central America, an accomplishment that permitted construction of the Panama 
Canal. The connection between the pancreas and diabetes that had been identified 
decades earlier was formalized 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 antibacterial properties of penicillin in 1928 
led to its development as an antibiotic for humans in 1939, and it received wide-
spread use during World War II. The emergency use of penicillin, as well as new 
techniques for fluid resuscitation, were said to account for the unexpectedly high 
rate of survival among burn victims of the Coconut Grove nightclub fire in Boston 
in 1942. Similar stories can be told for the development of evidence in the manage-
ment of polio and tuberculosis in the mid-twentieth century. As a result, the first half 
of the twentieth 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 [7].

Among the first important examples of the use 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 application of such principles in surgery was investi-
gated 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 

M. K. Ferguson



5

accepted, particularly in the United States, for another decade. In 1877 Lister per-
formed an elective wiring of a patellar fracture using aseptic techniques, essentially 
converting a closed fracture to an open one in the process. Under practice patterns 
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 interest-
ing 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 
universal 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 BC, indicating that “when empyema 
are opened by the cautery or by the knife, and the pus flows pale and white, the 
patient survives, but if it is mixed with blood and is muddy and foul smelling, he 
will die” [4]. There was little change in the management of this problem until the 
introduction of thoracentesis by Trusseau in 1843. The mortality rate for empyema 
remained at 50–75% well into the twentieth century [13]. The confluence of two 
important events, the flu pandemic of 1918 and the Great War, stimulated the forma-
tion of the US Army Empyema Commission in 1918. Led by Graham and Bell, this 
commission’s recommendations for management included three basic principles: 
drainage, with avoidance of open pneumothorax; obliteration of the empyema cav-
ity; and nutritional support for the patient. Employing these simple principles led to 
a decrease in mortality rates associated with empyema to 10–15%.

 The Age of Information

These surgical efforts in the late nineteenth and early twentieth centuries ushered in 
the beginning of an era of scientific investigation of surgical problems. This was a 
period of true surgical research characterized by both laboratory and clinical efforts. 
It paralleled similar efforts in non-surgical medical disciplines. Such research led to 
the publication 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 exponential 
over a period of more than two centuries, with a compound annual growth rate of 
almost 4% per year [14]. 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 
field of science, technology, and medicine. The journals publish more than 2.5 mil-
lion articles annually [15]. 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 difficulty of identifying useful information [14]. The number of cita-
tions of medical publications has more than doubled in the past two decades, and in 
2018 exceeded 900,000 [16]. As of 2009, over 50 million science papers had been 
published since the first paper in 1665. There is also a trend towards decentraliza-
tion of publication of biomedical data, which offers challenges to identifying useful 
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information that is published outside of what are considered traditional journals 
[17]. For example, publication rates of clinical trials relevant to certain specialties 
vary from one to seven trials per day [18].

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 field who perform structured reviews 
of information on important issues and meta-analyses of high quality, controlled, 
randomized trials. These techniques have the potential to summarize results from 
multiple studies and, in some instances, crystallize findings 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 distrib-
uted and consist of interventions that have been shown in properly designed evalu-
ations to be effective. He stressed the importance of using evidence from randomized 
controlled trials, which were likely to provide much more reliable information than 
other sources of evidence [19]. These efforts ushered in an era of high quality medi-
cal and surgical research. Cochrane was posthumously honored with the develop-
ment of the Cochrane Collaboration in 1993, encompassing multiple centers in 
North America and Europe, with the purpose of “helping healthcare providers, 
policy makers, patients, their advocates and carers, make well-informed decisions 
about human health care by preparing, updating and promoting the accessibility of 
Cochrane Reviews” [20].

Methods originally espoused by Cochrane and others have been codified into 
techniques for rating the quality of evidence in a publication and for grading the 
strength of a recommendation based on the preponderance of available evidence. In 
accord with this, the clinical problems addressed in this book have been assessed 
using a modification of a single rating system (GRADE) that is outlined and updated 
in Chap. 2 [21].

Techniques such as those described above for synthesizing large amounts of 
quality information were introduced for the development guidelines 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 
what were then current standards of care sponsored by the Society of Surgical 
Oncology for managing lung cancer. It was written by experts in the field without a 
formal process of evidence collection [22]. A better technique for arriving at guide-
lines is the consensus statement, usually derived during a consensus process in 
which guidelines based on published medical evidence are revised until members of 
the conference agree by a substantial majority in the final statement. An example of 
this iterative structure is the Delphi process [23]. The problem with this technique is 
that the strength of recommendations, at times, is sometimes diluted until there is 
little content to them. Some organizations that appear to have avoided this pitfall in 
the general of guidelines of interest to thoracic surgeons include The American 
College of Chest Physicians, the Society of Thoracic Surgeons, the European 
Society of Thoracic Surgeons, the European Respiratory Society, the American 
Thoracic Society, the National Comprehensive Cancer Network, the Society of 
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Clinical Oncology, the British Thoracic Society, the International Society for 
Diseases of the Esophagus, and the Society of Surgical Oncology, to name but a few.

Despite the enormous efforts expended by professional societies in providing 
evidence-based algorithms for appropriate management of patients, dissemination 
of and adherence to these published guidelines, based on practice pattern reports, is 
disappointing. 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 undergo-
ing mediastinoscopy for nodal staging have lymph node biopsies performed. In 
patients undergoing major resection for lung cancer, fewer than 60% have medias-
tinal lymph nodes biopsied or dissected [24]. Only one-third of physicians routinely 
assess diffusing capacity in lung cancer patients who are candidates for lung resec-
tion in Europe, and in the United States fewer than 60% of patients who undergo 
major lung resection for cancer have diffusing capacity measured [25, 26]. Even at 
centers with expertise in preoperative evaluation adherence to evaluation algorithms 
can be challenging, especially for higher risk patients [27]. There are also important 
regional variations in the use of standard staging techniques and in the use of sur-
gery for stage I lung cancer patients, patterns of activity that are also related to race 
and socioeconomic status [28, 29]. Failure to adhere to accepted standards of care 
for surgical lung cancer patients results in higher postoperative mortality rates [30, 
31], and the selection of super specialists for one’s lung cancer surgery confers an 
overall long-term survival advantage [32]. Overall compliance with guideline rec-
ommendations for management of lung cancer is less than 45% [33].

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 becom-
ing clear as the United States Centers for Medicare and Medicaid Services develops 
processes for rewarding adherence to standards of clinical care. This underscores 
the need for surgeons 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 
outcomes of such care? Do we measure the process, the immediate success, or the 
long-term outcomes? 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?

 The Age of Data

We have now entered into an era in which the amount of data available for studying 
problems and outcomes in surgery is truly overwhelming. Large clinical trials 
involving thousands of subjects render databases measured in megabytes. A National 
Cancer Institute Genomic Data Commons contains more than 14 petabytes of data. 
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Large databases in which surgical information is stored include the National 
Medicare Database, the Surveillance Epidemiology and End Results (SEER), 
Nationwide Inpatient Sample (NIS), the American College of Surgeons National 
Surgical Quality Improvement Program (NSQIP), and the Society of Thoracic 
Surgeons (STS) database. Other foreign national and international databases con-
tain similar large amounts of information.

Medical databases are of two basic types: those that contain information that is 
primarily clinical in nature, especially those that are developed specifically for a 
particular research project, 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 hierarchical structure. An individual unit 
of data is a field; a patient’s name, address, and age are each individual fields. Fields 
are grouped into records, such that all of one patient’s fields constitute a record. 
Data in a record have a one-to-one relationship with each other. Records are com-
piled in relations, or files. Relations can be as simple as a spreadsheet, or flat file, in 
which there is a one-to-one relationship between each field. More complex relations 
contain many-to-one, or one-to-many, relationships among fields, relationships that 
must be accessed through queries rather than through simple inspection. An exam-
ple is multiple diagnoses for a single patient, or multiple patients with a single 
diagnosis. Ultimately, databases become four-dimensional complex clinical and 
research resources as time emerges as an important factor in assessing outcomes 
and the changing molecular signatures of cancers, as examples [34]. These latter 
characteristics are true of most electronic medical records that are used in routine 
medical care.

In addition to collection of data such as those above that are generated in the 
process of standard patient care, new technological advances are providing an expo-
nential increase in the amount of data generated by standard studies. An example is 
the new 640 slice computed tomography scanner, which has vastly expanded the 
amount of information collected in each of the x-y-z axes as well as providing tem-
poral information and routine 3-D reconstruction capabilities during a routine CT 
scan. The additional information provided by this technology has created a revolu-
tionary, rather than evolutionary, change in diagnostic radiology. Using this technol-
ogy, virtual angiograms can be performed, three dimensional reconstruction of 
isolated anatomic entities is possible, and radiologists are discovering more abnor-
malities 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 screening 
were mixed. Several reports suggested that the number of radiographic abnormali-
ties identified was high compared to the number of clinically important findings. 
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 
indeterminate nodules were identified, only 45 of which were found to be malignant 
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[35]. Similar results were reported by others during screening or surveillance activi-
ties [36]. Many additional radiographic abnormalities other than lung nodules were 
also identified. In addition, the increase in radiation exposure owing to more com-
plex exams and more frequent exams led to concerns about radiation-induced neo-
plasms, an unintended consequence of the good intentions of those performing lung 
cancer screening [37, 38]. However, recent reports of improved lung cancer survival 
resulting from screening appropriately selected individuals for screening has led to 
formal recommendations for screening such populations [39–41]. This is changing 
the practice of medicine, even though cost-effectiveness of such interventions has 
not been demonstrated.

 What Lies in the Future?

What do we now do with the plethora of information that is being collected on 
patients? How do we make sense of these gigabytes or terabytes 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 radio-
graphic findings resulting from improved technology, new algorithms have already 
been refined 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 observed and which patients should undergo biopsy or surgery 
[42]. What, though, of the reams of numerical and other data than 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:

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 information, are we collecting the cor-
rect data? Evidence-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 don’t 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 
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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 uti-
lization? 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 surgi-
cal care on an institutional and individual surgeon basis as more relevant data 
become available. The Leapfrog Group, representing a consortium of large com-
mercial enterprises that covers insurance costs for millions of workers, was founded 
to differentiate levels of quality of outcomes for common or very expensive dis-
eases, thereby potentially limiting costs of care by directing patients to better out-
come centers. These efforts have three potential drawbacks from the perspective of 
the surgeon. First, decisions made in this way are primarily fiscally based, and are 
not patient focused. Second, policies put in place by payors 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, decisions 
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 payors regarding 
practice patterns, in which penalties are incurred if proscribed patterns are not fol-
lowed, 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 recommendations. 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 precious 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 decisions 
can be made. There are a variety of means for doing this, including participation in 
randomized clinical trials, entry of their patient data (appropriately anonymized) 
into large databases for study, and participation in consensus conferences aimed at 
providing useful management guidelines for problems in which they have a special 
interest. Critical evaluation of new technology and procedures, rather than merely 
adopting 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 what is new into 
patterns of practice before its value is proven.
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 Conclusion

Decisions are the life blood of surgeons. How we make decisions affects the imme-
diate and long-term outcomes of care of our patients. Such decisions will also, in the 
near future, affect our reimbursement, our referral patterns, and possibly our privi-
leges to perform certain operations. Most of the decisions that we currently make in 
our surgical practices are insufficiently grounded in adequate evidence. In addition, 
we tend to ignore published evidence and guidelines, preferring to base our deci-
sions on prior training, 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 evidence-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 information and guidelines into daily 
practice. Constant 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 
surgeons adopt leadership roles in this process and thoracic surgeons as a group buy 
into this concept, we will find ourselves marginalized by outside forces that will 
distance us from our patients and discount our expertise in making vital decisions.
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2Evidence Based Medicine: Quality 
of Evidence and Evaluation Systems

Apoorva Krishna Chandar and Yngve Falck-Ytter

 Introduction

Evidence based medicine is defined as “a systematic approach to clinical problem 
solving which allows the integration of the best available research evidence with 
clinical expertise and patient values” [1]. Arguably, the most important application 
of evidence based medicine is the development of clinical practice guidelines. 
Commenting on clinical practice guidelines, the Institute of Medicine [2] says:

Clinical Practice Guidelines are statements that include recommendations intended to opti-
mize patient care. They are informed by a systematic review of evidence and an assessment 
of the benefits and harms of alternative care options. To be trustworthy, guidelines should 
be based on a systematic review of the existing evidence; be developed by a knowledgeable, 
multidisciplinary panel of experts and representatives from key affected groups; consider 
important patient subgroups and patient preferences, as appropriate; be based on an 
explicit and transparent process that minimizes distortions, biases, and conflicts of interest; 
provide a clear explanation of the logical relationships between alternative care options 
and health outcomes, and provide ratings of both the quality of evidence and the strength of 
recommendations; and be reconsidered and revised as appropriate when important new 
evidence warrants modifications of recommendations.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_2&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_2#ESM
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As knowledge grows exponentially, clinicians’ treatment decisions increasingly 
depend on well done clinical practice guidelines [3]. However, a major impediment 
to the implementation and adoption of such guidelines is that they are often confus-
ing and not actionable. The lack of clarity in guidelines creates confusion for not 
only the healthcare provider, but for patients as well. On the other hand, good clini-
cal practice guidelines are actionable and easy to understand. In order to formulate 
clinical practice guidelines that can effectively guide clinicians and consumers, 
guidelines need to be derived from the best available evidence from which informa-
tion can be obtained to support clinical recommendations.

Systematically developed guidelines have the potential to improve patient care 
and health outcomes, reduce inappropriate variations in practice, promote efficient 
use of limited healthcare resources and help define and inform public policy [4]. 
Despite an explosion in the field of guideline development in recent years, guide-
lines often lack transparency and useful information.

In the past, guideline developers usually relied solely on evidence hierarchies to 
determine the “level of evidence”  with randomized controlled trials (RCTs) always 
being considered high level evidence and observational studies to be of lower qual-
ity. Such hierarchies suffer from oversimplification as RCTs can be flawed and well 
done observational studies may be the basis of higher quality evidence. Although 
the past 30 years have shown an enormous increase in evidence rating systems, 
almost all relied on a variation of those simple hierarchies. In addition, strong rec-
ommendations were routinely attached to high levels of evidence without regard to 
potentially closely balanced benefits and harms trade-offs which usually does 
require eliciting patient values and preferences and instead should result in condi-
tional recommendations.

GRADE began as an initiative to offer a universally acceptable, sensible and 
transparent approach for grading the quality of evidence and strength of recommen-
dations (http://www.gradeworkinggroup.org/). With the overarching goal of having 
a single system that avoids confusion and is methodologically rigorous, yet avoids 
the shortcomings of other systems, the GRADE framework helps to formulate clear, 
precise and concise recommendations. The uses of the GRADE framework are 
two-fold:

 1. Defines the strength recommendations in the development of clinical practice 
guidelines

 2. Assist in rating the quality of evidence in systematic reviews and other evidence 
summaries on which those recommendations are based

The GRADE framework has been widely adopted (>80 societies and organiza-
tions) including the WHO, the COCHRANE collaboration, the American Thoracic 
Society, and the European Society of Thoracic Surgeons [5]. In this chapter, we 
elaborate the GRADE approach to rating the quality of evidence and implications 
for strong and weak guideline recommendations and how patient values and prefer-
ences as well as resource use considerations can change those recommendations.

A. K. Chandar and Y. Falck-Ytter
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 The GRADE Approach

 Defining the Clinical Question

In GRADE, the starting point is the formulation of a relevant and answerable clini-
cal question. It is essential to formulate a well-defined clinical question for more 
than one reason: On the one hand, it helps to bring emphasis on the focus and scope 
of the guideline and, and on the other, it helps to define the search strategy which 
will be used to identify the body of evidence. The PICO strategy that assists in 
defining a clinical question is detailed in Table 2.1.

 What Outcomes Should We Consider for Clinical Decision Making?
Not all outcomes are equally important. Clinical questions in practice guide-
lines often contain several outcomes, some of which may or may not be useful 
for decision making. GRADE categorizes outcomes in a hierarchical fashion by 
listing outcomes that are critical to decision making (such as mortality), out-
comes that are important but not critical for decision making (post-thoracotomy 
pain syndrome) and outcomes that are less important (hypertrophic scar result-
ing from thoracotomy incision). Such a step-wise rating is important because in 
GRADE, unlike other guideline systems that rate individual studies, quality of 
the available evidence is rated for individual outcomes across studies. The rea-
soning behind this is that quality frequently differs across outcomes, even within 
a single study.

Guideline panels should specify the comparator explicitly. In particular, when 
multiple treatment options are involved (such as surgical vs. nonsurgical treatments 
for symptomatic giant bullae in COPD), it should be specified whether the recom-
mendation is suggesting that all treatments are equally recommended or that some 
interventions are recommended over others. In the same context, the choice of set-
ting (such as resource poor vs. adequate resources or high volume vs. low volume 
centers) needs to be taken into consideration. Guideline panels should be aware of 
the audience and the setting they are targeting when formulating guidelines. We will 
elaborate further on resource use later in this chapter.

Table 2.1 The PICO approach to define a clinical question

P Patient 
population

Describes the patient population being targeted by the intervention (e.g., 
patients with Barrett’s esophagus)

I Intervention Describes the intervention that is being studied (e.g., minimally invasive 
esophagectomy for Barrett’s esophagus with high grade dysplasia)

C Comparator Describes the intervention to which the study intervention is being 
compared to (e.g., radio frequency ablation)

O Outcomes Describes the outcomes which includes benefits and downsides (e.g., 
all-cause mortality, progression to esophageal adenocarcinoma, quality of 
life)

2 Evidence Based Medicine: Quality of Evidence and Evaluation Systems
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 Grading the Quality of Evidence

The quality of evidence is the extent to which our confidence in a comparative esti-
mate of an intervention effect is adequate to support a particular recommendation. 
For the rest of the chapter we will therefore use the terms “confidence in the evi-
dence” and “quality of evidence” interchangeably.

Following the formulation of a PICO based clinical question is the crucial pro-
cess of reviewing and grading the quality of evidence associated with the clinical 
question. For instance, a question like ‘surgical management of non-small cell lung 
cancer’ might give us a large number of studies, which might include randomized 
clinical trials (RCTs), observational studies and case series conducted in different 
settings, involve various kinds of surgeries and target different patient populations. 
Indeed, this becomes a challenge for review authors and guideline developers alike 
as they are presented with an enormous body of evidence. GRADE offers a formal 
way of rating the quality of this large body of evidence by providing detailed guid-
ance for authors of systematic reviews and guidelines. GRADE defines the quality 
of evidence as the confidence we have in the estimate of effect (benefit or risk) to 
support a particular decision [6]. Although confidence in the evidence is continuous, 
GRADE uses four distinct categories to conceptualize evidence quality (Table 2.2).

 Rating the Quality of Evidence from Randomized Controlled Trials
In GRADE, outcomes that are informed from RCTs start as high quality evidence. 
However, RCTs vary widely in quality. Methodological limitations (risk of bias), 
particularly related to the design and execution of RCTs can often lower the quality 
of evidence for a particular outcome. GRADE uses five different, well defined cri-
teria to rate down the quality of evidence from RCTs (Table 2.3).

Limitations in Study Design
Proper randomization and adequate allocation concealment, which prevents clini-
cians and participants becoming aware of upcoming assignments are important 
strategies to protect from bias. Inadequate allocation concealment leads to exagger-
ated estimates of treatment effect [9]. Major limitations in study design may lead to 
rating down the quality of evidence for an outcome. However, assessment of whether 
or not a methodological shortcoming, such as lack of blinding, may have had a sub-
stantial impact on an estimate of effect is important as there are situations where 

Table 2.2 Quality of evidence

High quality We are very confident that the true effect lies close to that of the estimate of the 
effect

Moderate 
quality

We are moderately confident in the estimate of effect: The true effect is likely to 
be close to the estimate of effect, but possibility to be substantially different

Low quality Our confidence in the effect is limited: The true effect may be substantially 
different from the estimate of the effect

Very low 
quality

We have very little confidence in the effect estimate: The true effect is likely to 
be substantially different from the estimate of effect
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lack of blinding may not materially impact a particular outcome. Another issue that 
is commonly encountered with RCTs is losses to follow up. Again, losses to follow 
up may not always require rating down if there are few and proportionate losses to 
follow up in both treatment and control groups. However, disproportionate losses to 
follow up can either increase (due to greater losses in the control group) or decrease 
(due to greater losses in the treatment group) the treatment effect [10]. The way in 
which RCTs are analyzed is another important criterion to consider in study design. 
Intention-to-treat (ITT) analysis is the preferred method of analysis of RCTs. 
However, it is documented that the intention-to-treat approach is often inadequately 
described and inadequately applied in RCT and deviations from ITT analysis are 
common [11]. RCTs should be carefully reviewed to determine if they adopted the 

Table 2.3 Rating the quality of evidence for each important outcome

•  For outcomes informed by RCTs, start as high confidence, then rate down to moderate, low 
or very low confidence in the evidence

•  For outcomes informed by observational studies, start as low confidence, then either rate 
down or, on rare occasions, rate up to moderate or high confidence in the evidence

Checklist Things to look out for
Risk of bias RCTs: Major limitations, such as lack of allocation concealment, 

lack of blinding, large losses of follow-up, failure of intention- 
to- treat analysis, and a study terminated early for benefit. 
Consider using the Cochrane risk of bias tool [7]
Observational studies: assess risk of confounding by examining 
the selection of exposed and non-exposed cohort, comparability 
of the cohort and issues with assessment and adequacy of 
follow-up of the outcomes of interest. Consider using the 
Newcastle-Ottawa quality assessment tool [8]

Inconsistency Widely differing estimates of the treatment effect (variability in 
results or heterogeneity)

Indirectness Population: e.g., differences in age, gender, comorbidities
Intervention: e.g., similar but not identical intervention
Comparator: e.g., difference in comparator intervention
Outcomes: e.g., use of surrogate outcomes, short-term vs. 
long-term
No head-to-head comparison of two interventions

Imprecision Wide confidence intervals/small sample size/few events that 
make the result uninformative

Publication bias High probability of failure to report studies (likely because no 
effect was observed)

Magnitude of effect Large magnitude of association: RR > 2.0 or RR < 0.5
Very large magnitude of association: RR > 5.0 or RR < 0.2
Two or more observational studies, direct evidence, no plausible 
confounders, no threats to validity, sufficiently precise estimate

Dose-response Presence of a dose-response gradient
Plausible confounders Unaccounted, plausible biases from observational evidence that 

moves the result in the direction of underestimating the apparent 
treatment effect (all plausible confounding would reduce a 
demonstrated effect; all plausible confounding would suggest a 
spurious effect when results show no effect)
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ITT approach for a particular outcome. Lastly, authors of systematic reviews and 
guideline developers should exercise caution when they encounter trials that are 
stopped early for benefit, particularly when such trials contribute considerable 
weight to a meta-analysis as they might produce a spurious improvement in the 
treatment effect [12, 13].

Inconsistency of Study Results
Confidence in the estimate of effect may require rating down for inconsistency, if 
the magnitude and direction of effects across different studies varies widely (hetero-
geneity of study results). Variability in treatment effects across studies usually is the 
result of varying populations or interventions. However, when the reasons for incon-
sistency across studies cannot be identified, the confidence in the evidence may be 
lower. Consider for example the effect of suction vs. non-suction on prolonged air 
leakage to the underwater seal drains following pulmonary surgery. A meta-analysis 
of available RCTs showed varying effect estimates and direction of effect resulting 
in an I-squared of residual heterogeneity of close to 60%, which could be consid-
ered substantial and it would not be unreasonable to rate down for inconsistency [14].

It is particularly important to remember that in GRADE, the quality of evidence 
is not rated up for consistency, it is only rated down for inconsistency. Several crite-
ria may help decide whether heterogeneity exists: the point estimates vary widely 
across studies; minimally or non-overlapping confidence intervals; statistical test 
for heterogeneity shows a low p-value; I-squared value (percentage of variability 
due to heterogeneity rather than chance) is large [15].

Indirectness of Evidence
GRADE defines several sources of indirectness. For example, differences in patient 
characteristics (age, gender and race), differences in interventions or comparators 
(similar but not the same intervention or comparators), indirectness of outcomes 
(direct outcome measures vs. surrogate outcome measures) and indirect compari-
sons (e.g., lack of head-to-head trials of competing surgical approaches). All sources 
of indirectness can result in lowering our confidence in the estimate of effects. 
However, it is necessary to remember that when direct evidence is limited in quan-
tity or quality, indirect evidence from other populations may be considered and the 
quality need not necessarily be rated down with proper justification for not doing so. 
For example, although direct evidence about the safety and effectiveness of prophy-
laxis of VTE prevention in patients undergoing thoracic surgery is limited, the 
ACCP anti-thrombotic guidelines did not rate down for indirectness as they felt that 
the evidence about relative risks from studies of patients undergoing general or 
abdominal-pelvic surgery could be applied with little or no indirectness to thoracic 
surgery [16]. Another domain of indirectness is duration of follow-up for certain 
outcomes. GRADE recommends that guideline developers should always indicate 
the length of follow up to which the estimate of absolute effect refers. This length of 
follow up is a time frame judged appropriate to balance the risk-benefit conse-
quences of alternative treatment strategies. Longer follow up periods are associated 
with higher risk differences between intervention and control. This could 
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potentially lead to important differences in readers’ perception of the apparent mag-
nitude of effect. Often, extending the time frame involves the assumption that event 
rates will stay constant over time [17].

Of particular importance is the categorization of outcome measures into direct 
and surrogate outcomes. In the absence of data on patient-important outcomes, sur-
rogates could contribute to the estimation of the effect of an intervention on the 
outcomes that are important. Post-surgical asymptomatic deep vein thrombosis 
detected by screening venography or ultrasound surveillance is an example of a sur-
rogate outcome [18]. It is to be noted that despite the relative importance of direct 
outcomes, both direct and surrogate outcomes should be reported in studies because 
the audience for guideline developers and systematic reviews might want to see 
both before making appropriate decisions.

Imprecision
Imprecision is usually determined by examining the confidence intervals. Usually, 
studies with few enrolled patients and / or few events have wider confidence inter-
vals. Additionally, our confidence in the evidence is lowered when the 95% confi-
dence interval fails to exclude important benefit or important harm. Consider for 
example the long-term outcome of dilation requirements when using 180° laparo-
scopic anterior fundoplication (180° LAF) versus laparoscopic Nissen fundoplica-
tion (LNF) for GERD [19]. Although the partial fundoplication showed less than 
half the rate of dilatations, few events in the studies and generally low sample sizes 
did not allow for a precise estimate even after pooling the results, and the 95% con-
fidence interval crosses one.

Publication Bias
When there is sufficient evidence that trials have not been reported (especially when 
treatment effects are negligibly small or absent), this may lead to an overestimation 
of effect and decrease our confidence in the evidence. Such trials, more commonly 
than not, are industry funded and small. Authors of systematic reviews and clinical 
guidelines should show due diligence in checking for any unreported trial results by 
verifying with clinicaltrials.gov for registered, but potentially unpublished, trials. 
Systematic reviews provide a way of detecting publication bias by examining the 
funnel plot, for example, to help detect potential publication bias.

 Rating Up the Quality of Evidence from Observational Studies
Outcomes deriving their evidence from observational studies usually start as low 
confidence in the evidence (low quality evidence). The reason for this is that 
observational studies are unable to fully control for unknown confounders. 
However, there are situations where evidence from observational studies should 
be considered to provide higher quality evidence. GRADE recommends rating 
up the quality of evidence in several instances. Evidence from well-done obser-
vational studies without known residual confounding, large magnitude of effect 
will usually increase our confidence that an effect exists and it would be reason-
able to rate up the quality of evidence. For example, surgical resection with 

2 Evidence Based Medicine: Quality of Evidence and Evaluation Systems

http://clinicaltrials.gov


22

curative intent of esophageal cancer shows a very large relative magnitude of 
effect in reduction of mortality compared to best supportive care [20]. Another 
reason for rating up the evidence quality is the presence of a dose response gradi-
ent. Table 2.3 gives an overview of when to rate up or rate down the quality of 
evidence obtained from observational studies.

 Moving from Quality of Evidence 
to Formulating Recommendations

Strength of a recommendation reflects the extent to which we can be confident that 
the beneficial effects of an intervention clearly outweigh its undesirable effects [21]. 
Even though GRADE suggests rating the quality of evidence for each outcome in an 
ordinal fashion to assist systematic review authors and guideline developers to 
arrive at an outcome-specific rating of confidence, the final rating of confidence in 
the evidence (overall quality of evidence for a particular PICO question) will need 
to be determined before making recommendations. GRADE specifies that the over-
all quality of evidence is driven by the lowest quality of evidence of an outcome that 
is critical for decision making [22]. For instance, we might be confident about an 
intervention’s benefit, but as long as there is a harm associated with this intervention 
that is considered critical for decision making (and, for example, rated as moderate 
quality of evidence), the overall quality of evidence across all critical outcomes in 
regards to the PICO question should remain at moderate despite the high quality of 
evidence for benefit.

While acknowledging that the strength of recommendations is, in fact, a contin-
uum, GRADE offers a binary classification for strength of recommendations: strong 
and weak (conditional). Such a dichotomous system provides clear, simple, easily 
understandable, and readily implementable directions with clear implications for 
patients, clinicians and policy-makers. Table  2.4 provides an overview of this 
classification.

The strength of recommendation is guided not merely by the quality of the evi-
dence—high quality evidence doesn’t necessarily always indicate strong recom-
mendations, and strong recommendations can sometimes arise from lower quality 
evidence [23]. Though the quality of evidence is the primary starting point in guid-
ing the strength of a recommendation, additional, but separate factors such as bal-
ance between desirable and undesirable effects, patients’ values and preferences, 
and uncertainty regarding wise use of resources arising from a recommendation are 
equally important in the GRADE system and may change the strength or even the 
direction of a recommendation [6]. When guideline panels strongly recommend an 
intervention, they are confident that the desirable effects clearly outweigh the unde-
sirable effects and that almost all fully informed patients, with reasonable certainty 
will opt for the intervention. GRADE identifies four important factors that can 
impact the overall quality of evidence and thereby influence the strength of recom-
mendations (Table 2.5).
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Table 2.4 Health care implications of GRADE defined strengths of recommendations

Strength of 
recommendation Implications for patients

Implications for 
clinicians

Implications for 
policy makers

Strong Most individuals in this 
situation would want the 
recommended course of 
action and only a small 
proportion would not
Formal decision aids are 
not likely to be needed to 
help individuals make 
decisions consistent with 
their values and 
preferences, but could help 
with the implementation

Most individuals should 
receive the intervention
Adherence to this 
recommendation 
according to the 
guidelines could be 
used as a quality 
criterion or a 
performance indicator

The recommendation 
can be adopted as a 
performance 
indicator in most 
situations

Weak 
(conditional)

The majority of 
individuals in this situation 
would want the suggested 
course of action, but many 
would not
Decision aids may be 
useful in helping 
individuals make 
decisions consistent with 
their values and 
preferences

Be prepared to help 
people to make a 
decision that is 
consistent with their 
own values and 
preferences
Use decision aids and 
implement shared 
decision making 
approaches

Policy-making will 
require substantial 
debates and 
involvement of many 
stakeholders

Table 2.5 GRADE determinants of the strength of recommendation

GRADE 
category

Example of a strong 
recommendation

Example of a weak (conditional) 
recommendation

Quality of 
evidence

A large number of high quality 
RCTs has shown that plain chest 
X-ray screening does not reduce 
lung cancer mortality

Only case series have examined the 
effectiveness of diaphragmatic repair for 
the treatment of hepatic hydrothorax in 
patients who are not eligible for TIPS

Balance of 
benefits 
versus harms 
and burdens

The success of an initial pleural 
aspiration attempt in stable patients 
with large spontaneous 
pneumothorax is sufficiently high 
with acceptable risks and low costs 
compared to VATS

180° laparoscopic anterior fundoplication 
compared to Nissen fundoplication 
reduces the incidence of procedure related 
dysphagia and need for dilatation, but at a 
cost of increased rate of re-operation and 
residual reflux symptoms

Values and 
preferences

Younger patients with early stage 
non-small cell lung cancer will 
invariably place a higher value on 
the life prolonging effects of 
post-surgical adjuvant chemotherapy 
over treatment toxicity

Older patients with early stage 
non-small cell lung cancer may not 
place a higher value on the life 
prolonging effects of post-surgical 
adjuvant chemotherapy over treatment 
toxicity

Resource use 
(e.g., cost)

The relative low cost of chest 
catheter insertion for the treatment 
of large primary spontaneous 
pneumothorax

The high cost of adding bevacizumab to 
initial chemotherapy regimens in 
patients with advanced non-small cell 
lung cancer
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 Resource Use

Resource use varies widely over time and across geographical settings. While an 
intervention with higher costs is unlikely to be strongly recommended over an 
equally effective lower cost alternative, it is essential to consider the context of rec-
ommendation and hence, guideline panels must be specific about the setting to 
which a recommendation applies [21].

Resource use studies might be conducted concurrently within the framework of 
an empirical study such as clinical trial or using a decision model that typically uses 
secondary data collected from several sources. Cost utilization and resource utiliza-
tion might be particularly important in surgical treatments.

GRADE recommends assessing resource implications in two steps [24]. First, 
consider whether resource use is important (or critical)  for making the recommen-
dation. Second, consider specific items of resource use and their potential impact on 
different strategies. For a detailed explanation of application of GRADE to resource 
use, we refer the readers to other relevant GRADE publications [24, 25].

 Presenting Summary of Findings

GRADE offers a way of displaying a comprehensive, but condensed summary of 
key outcomes and their importance in a summary of findings (SoFs) table. A SoFs 
table usually contains all important outcomes necessary for clinical decision mak-
ing, shows the quality of evidence across studies for a particular outcome and the 
associated relative and absolute effects [22]. When meta-analyses are accompanied 
by such SoFs tables, they can prove useful for guideline developers while develop-
ing recommendations. GRADE recommends limiting the number of outcomes to 
approximately seven for each SoFs table, as it is unlikely that more outcomes will 
lead to better overview of the data and judgments made [17]. If there are more than 
seven outcomes, combining certain similar outcomes might become necessary 
(such as symptomatic deep vein thrombosis and pulmonary embolism into one cat-
egory of “venous thrombotic events”). It is not uncommon to find systematic reviews 
that address more than one comparison, evaluate an intervention in two disparate 
populations or examine the effects of a number of interventions for the same clinical 
problem. Such systematic reviews are also likely to be accompanied by more than 
one SoFs table [26].

 How Should Clinical Guidance Be Worded?

Guideline authors should choose appropriate phrasing to disseminate their findings. 
GRADE advises the use of standardized language to express strong and weak rec-
ommendations for or against an intervention. Such standardized wording would be: 
“We recommend to use…” or “We recommend against the use of …” for strong 
recommendations and “We suggest to use…” or “We suggest against the use of…” 
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for weak recommendations [22]. For example, a weak recommendation would be 
worded like this: “For thoracic surgery patients who are at high risk for major bleed-
ing, we suggest the use of mechanical prophylaxis, preferably with optimally 
applied intermittent pneumatic compression, over no prophylaxis” [16].

 Applying GRADE

With its clarity, simplicity and methodological rigor, GRADE lends itself for appli-
cation to grading the quality of evidence for a wide range of evidence summaries, 
from systematic reviews of interventions, diagnostic tests and strategies to formal 
health technology assessments or presentations that can be more easily utilized by 
health care providers by including actionable recommendations, such as clinical 
practice guidelines, care paths, or decision support systems (top half illustrating the 
supporting systematic review; lower half the moving-to-recommendations process).

 Conclusion

A common, simple, yet rigorous rating system can reduce confusion and increase 
the transparency when formulating recommendations in guidelines, textbooks and 
other evidence summaries. It allows surgeons to engage the patient in a shared 
decision- making process when recommending care based on varying levels of con-
fidence in the evidence and different trade-offs between benefits and downsides as 
well as uncertainty of patient’s values and preferences [27].

Although evidence quality ratings within the GRADE approach have shown to 
be reproducible [28], the main goal is to provide transparent and explicit judgments. 
GRADE is the only system to recognize that quality may differ across outcomes and 
specifically addresses this issue by being outcomes-centric. GRADE provides 
explicit, detailed and comprehensive criteria for rating the quality of evidence. 
Finally, not only does GRADE define quality of evidence and strength of recom-
mendations as two related but separate concepts, but also makes the transition from 
rating the quality of evidence to formulating clinically sensible recommendations a 
transparent process by including additional domains important for decision making: 
patient’s values and preferences, balance between harms and burdens, and 
resource use.
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 Introduction

Nearly all clinical care results from some sort of decision process. Decisions that 
influence patient care can range from bedside choices concerning routine laboratory 
testing to health policy decisions about permitting and paying for new and expen-
sive treatment options for specific illnesses. Similarly, the consequences of health-
care decisions can be seen in the outcomes of individual patients as well as 
generational shifts in the management of disease processes.

Decision making in healthcare is inherently complex and often influenced by a 
multitude of factors. These include the availability of competing alternatives; infor-
mation about the risks, costs and downstream effects of these individual options; 
and the point of view or perspective from which one must make the decision. The 
process of formally and simultaneously considering the available evidence and 
comparing options with the objective of maximizing desirable outcomes is called 
decision analysis. Though decision analysis has its roots in engineering and eco-
nomic systems, it has been increasingly utilized in the field of medicine to clarify 
thinking and guide management decisions [1, 2]. Several authors have also applied 
this methodology to common thoracic surgical problems [3–13].

 Application of Decision Analytic Techniques

Common scenarios in clinical medicine where decision analysis might be most use-
ful fall into one of three categories which are described below with relevant 
examples.
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 Action Versus Inaction

Certain clinical situations require an active choice between an intervention and 
watchful waiting. A common scenario in thoracic surgery is an incidentally 
detected solitary pulmonary nodule [5]. The framework for decision analysis 
here begins with a consideration of all the available options. These include 
watchful waiting with a further CT scan in 3–6 months (relative inaction) or 
immediate action alternatives which include CT-PET scan, percutaneous or bron-
choscopic biopsy, or proceeding directly with surgery. Proper consideration of 
the risk of malignancy prior to any of these interventions is of paramount impor-
tance. As an example, the risk of a nodule being malignant is higher in a 65 year 
old smoker than in a 45 year old non-smoker. Similarly, the likelihood of cancer 
in a 2 cm spiculated lesion is much higher than that in a 9 mm ground glass opac-
ity. These defining characteristics greatly influence the positive and negative pre-
dictive values of the tests (also called post-test probabilities) and must be 
considered and defined in the decision analysis. The careful formulation of the 
question is paramount in the construction of a worthwhile decision analysis. In 
the examples above, one would expect a different answer for the two extreme 
examples, so it would be unlikely that those two patients would be evaluated with 
the same decision analysis. The question must be very specific, and the results of 
the subsequent decision analysis would only generalize to situations consistent 
with the specific parameters defined in advance.

Next, one looks at each of the possible options for action and considers the 
consequences of each of these choices. For this, it is important to consider the 
sensitivity, specificity, and accuracy of each of these tests, in the setting in which 
they will be employed. A false positive test will lead to an unnecessary operation 
while a false negative test might result in a missed or delayed cancer diagnosis and 
the potential for progression and increased long term risk of mortality. The conse-
quences of inaction (watchful waiting) may be the appropriate avoidance of an 
unnecessary operation in the event that the lesion is actually benign, or an inap-
propriate delay in treatment for what turns out to be a lung cancer. Finally the 
advantages of treatment, such as an early diagnosis and an increased chance of 
avoiding cancer-related mortality, and the disadvantages, such as perioperative 
costs and adverse outcomes, are factored into the decision analysis. The end-points 
in analysis can vary and range from minimizing costs, to minimizing cancer deaths, 
to minimizing intervention- related adverse effects, or to maximizing overall length 
of life. Although superficially these objectives appear similar, the analysis is usu-
ally performed with a specific end-point in mind. Rarely, the decision analysis will 
evaluate two options that result in the same qualitative outcome and they are com-
pared on measures of cost or time efficiency. More commonly, the measured end-
points are more complex like a simultaneous assessment of costs, length of life, 
and quality of life. The more complex the endpoint, the more likely that decision 
analysis techniques will be helpful in elucidating and clarifying the differences 
between the choices studied.
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 Choice Among Various Actions That Seem Plausible

Another common application of decision analytic techniques is a comparison of 
viable alternatives when one option is not known to be clearly superior. As an exam-
ple, unsuspected mediastinal lymph node metastases may be encountered at the 
time of proposed resection for lung cancer [3]. The two principal alternatives are: 
A. Proceed with the planned resection; or, B. Stop the operation without a resection 
in order to administer neoadjuvant chemotherapy or chemoradiotherapy, and then 
attempt resection at a later date in the absence of progression or clinical decline. In 
this cited example, the authors considered an array of possible events after the pri-
mary resection option including operative mortality, survival with adjuvant treat-
ment, and survival with no adjuvant treatment. Similarly, for the scenario where 
resection is postponed until after induction therapy, they considered the probabili-
ties of various consequences; mortality related to the exploration, the receipt of 
chemoradiation without a subsequent resection, and successful progression from 
induction therapy to resection. Investigators may estimate the likelihood of each of 
these scenarios from previously published literature, utilize their own clinical data, 
or employ a combined approach. In this particular study, the authors chose to per-
form a cost-effectiveness analysis. The enquiry shed light on that clinical decision 
by estimating the overall costs of treatment and the expected survival and quality- 
adjusted survival for the two competing treatment options to facilitate a decision 
and subsequent research.

 Optimizing Timing or Interval of Action

Decision analysis can also be employed to propose the appropriate timing of inter-
ventions. As an example, the optimal follow-up strategy after resection for esopha-
geal cancer is a matter of debate. Various groups advocate frequency of follow-up 
ranging from 3 to 12 month intervals. An appropriate use of decision analysis could 
be to compare two alternatives; intensive follow-up with axial imaging, clinic visits, 
and lab tests every 3 months, versus a less intensive approach with imaging per-
formed at annual clinic visits only. For both strategies, one would consider the prob-
abilities of detection of recurrence and the likelihood of survival with and without 
treatment for recurrence. Subsequently a model could be created to with a view 
towards optimizing resource utilization and avoiding unnecessary interventions.

 Technical Aspects

The decision analysis process is best conducted using a standard approach. Briefly, 
one must first define the problem and clarify the objectives in the problem-solving 
process. Next, one must enumerate the alternatives and how these choices affect 
downstream events with their probabilities and values. Finally, we consider the 
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balance of benefits and adverse outcomes of each option. Weinstein et al. [14] have 
described this PROACTIVE approach to decision analysis.

 P: Problem(s)—Define Problem Explicitly

The details of the problem must be described as precisely as possible because the 
performance characteristics of the intervention and many of the subsequent proba-
bilities and outcomes will be highly associated to those defining details. This step 
also involves a consideration of the natural history of the problem and likely conse-
quences of inaction. It is often useful to create a “consequence table” enumerating 
outcomes for the watchful waiting approach.

 R: Reframe

Consider the problem from multiple perspectives including those of the patient, fam-
ily members, society, and the clinician. This is useful as it is common for a disease 
process to pose different challenges to these stakeholders. For example: a screening 
question might pose minimal health impact on the vast majority of patient stakehold-
ers who do not have the screened condition, but a huge impact on the small minority 
who are found to have the disease being sought. The answer in such a decision analy-
sis will often hinge on the costs of screening and the costs of care prevented or 
required as a result of a positive screen. Certainly, the net benefit of such a program 
might vary if you consider from various perspectives: patient, society, or payor.

 O: Objective—Focus on the Objective(s)

Is the goal to save lives, or save money or to strike a balance between the two? There 
may be more than one objective and it is important to understand any trade-offs 
between objectives. A “means” objective is an intermediate step (e.g. performing 
surgery for lung cancer) and is not considered to be intrinsically valuable while a 
“fundamental” objective (e.g. long-term survival after surgery for lung cancer) has 
intrinsic value. Means objectives might be useful for surrogate endpoints when the 
downstream events from that point are predictable and the fundamental objective is 
either distant in time or expensive to measure.

 A: Alternatives

Consider all relevant alternatives. It is useful to broadly consider alternatives in 
three categories; inaction, intervention, and information (e.g. ordering more tests 
before making a decision).
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 C: Consequences/Chances

Model the consequences and estimate the chances, or probability, of these conse-
quences. The consequences (positive and negative) of each alternative can be tabu-
lated into a balance sheet. The likelihood of each of these consequences needs to be 
estimated and the search for these probabilities can be an important part of the entire 
decision analysis. The sum of all outcome probabilities for an individual action 
always adds up to 1.

 T: Trade-Offs

Identify and estimate the value trade-offs. Valuation of consequences requires 
assessing the importance of each potential consequence. Here, patient reported out-
comes are often a key. As an example, if one is interested in survival after treatment 
for cancer, quality of life estimates further refine the valuation. A more meaningful 
assessment of utility of an intervention is quality-adjusted survival. The Quality 
Adjusted Life Year (QALY) is a measure that integrates the length of life and the 
quality of life. The basic idea underlying the QALY assumes that a year of life lived 
in perfect health is worth 1 QALY (1 Year of Life × 1 Utility value = 1 QALY) and 
that a year of life lived in a state of less than perfect health is worth less than 1 
QALY. A variety of techniques are available to assess the utility of each disease 
state and thus calculate QALYs.

 I: Integrate

To integrate the evidence and values, one formally calculates the expected value 
of each option. In some analyses, this is referred to as “rolling up” the decision 
tree to come up with a preferred alternative and some numerical estimates that 
justify the preference. Sophisticated computer programs are available to perform 
this step.

 V: Value

Optimize the expected value. The underlying principle of decision analysis is to 
maximize the expected utility. The probability of reaching each outcome (e.g. sur-
vival free of disease, survival with burden of disease, death) is multiplied by the 
calculated value of that outcome, and for each choice in the decision tree, the sums 
of these products are added to create the expected average value for that choice. The 
choice of the expected value to measure may stem from an aim to maximize desir-
able outcomes (QALYs) or to minimize cost or harm. Alternatively, a more complex 
end-point may be chosen like in a cost-effectiveness analysis.
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 E: Explore/Evaluate

Explore the assumptions and evaluate uncertainty. Decision analysis uses locally 
observed or researched values as estimates of both probabilities and value of outcomes. 
If there is uncertainty about these numbers, it may change the recommendation. Hence 
it is imperative to determine if the recommendation is “sensitive” to plausible changes 
in probabilities and utility values. Such an analysis is called a “sensitivity analysis” and 
may be conducted by varying one (1-way sensitivity analysis) or more than one (n-way 
sensitivity analysis) variable simultaneously across the range of clinically meaningful 
values and reassessing the model. In some cases, the outcome will change very little in 
response to large swings in a data point (insensitive) while in other cases, a particular 
data input will be very influential and thus more important to the analysis.

 Creating a Decision Tree

Now let us examine how these principles can be applied in creating a decision tree. 
A decision tree (Fig. 3.1) reads from left to right and begins with a decision node 
(square) that frames the question being evaluated. At this point in the analysis, an 
intervention is selected, in this case a choice between two competing treatment 
options for lung cancer. From there, a series of probability nodes (circles) reflects 
the likelihood of downstream events for patients subjected to any of the interven-
tions. In this overly simplistic model, the possible outcomes with either treatment 
arm are limited to success and failure. The probabilities of these outcomes (a num-
ber between 0 and 1) are indicated. The probabilities of outcomes for each interven-
tion add up to 1. Finally, the terminal nodes (triangles) represent final states for the 
analysis and are labeled with the costs expended to reach that state (for cost effec-
tiveness analyses) as well as the estimated utilities for patients reaching that 
terminal state. In this case, the costs are provided in dollars and beneficial outcomes 
are described in QALYs. Figure  3.2 shows a decision tree after rolling it back. 

Evaluate novel
treatment

Standard treatment:
Radiation

New treatment:
Surgery and
chemotherapy

Radiation
eradicates tumor

Radiation fails to
eradicate tumor

[30k + 20k] \ 10

[30k + 6k] \ 3

[30k + 50k + 20k] \ 10

[90k + 6k] \ 3

Surgery and
chemotherapy
eradicate tumor

Surgery and
chemotherapy fail to
eradicate tumor

0.2

0.8

0.4

0.6

Fig. 3.1 A generic decision tree for cost-effectiveness analysis for treatment of cancer
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“Rolling back” a decision tree refers to an analysis that starts at the terminal nodes 
of the tree and works backward to the initial decision node, determining the costs 
expended and the values achieved for each decision pathway. In this example, the 
proposed alternative treatment costs more, but provides a longer expected survival. 
The standard treatment, or base case, has been recommended in this model as the 
decision tree here aims to minimize cost. Different end points (e.g. maximizing 
survival or minimizing cost for life years gained) can be selected that may alter the 
recommendation. While this is a very simple example, more complexity can be 
introduced by acknowledging finer grades of difference in outcomes. For instance, 
cure without any complication would be the ideal outcome in any decision tree, but 
cure with minor or major complications might lead to similar life expectancy with 
increased cost (to manage the complications) and decreased quality of life (as a 
consequence of the complications). The real value of these decision trees increases 
as their complexity begins to approximate that seen in clinical outcomes.

 Special Situations

 Cost-Effectiveness Analysis (CEA)
CEA refers to a unique situation in decision analysis whereby the objective is to 
maximize population health benefits for any given level of resources. The same 
approach may be used given a preset health benefit goal, with the objective of mini-
mizing the cost of attaining it. Such an analysis is often performed from a payer’s 
perspective. In this perspective the costs of therapy are those experienced by the 
payer of treatment. Alternate approaches are to consider the societal perspective or 
a combined approach. In a combined perspective analysis, the costs of treatment are 
those experienced by the payer, minus the monetary gains to society from an indi-
vidual who lives longer due to a more effective treatment. The costs of therapy may 
include direct medical costs, non healthcare costs (transportation, dietary changes, 
exercise programs etc.), caregiver time costs, loss of productivity, and costs of future 
healthcare interventions with longevity gained by treatment. Effectiveness of ther-
apy is typically measured in QALYs. In a typical CEA, the incremental cost- 
effectiveness ratio (ICER) is estimated as the cost per life year (or quality-adjusted 
life year) gained over the patient’s remaining lifetime by using a decision model and 
is a measure of cost-effectiveness. If one treatment modality is less costly and more 
effective than the other, it is labeled as dominant.

 Markov Modeling
Thus far we have considered a linear model in the decision tree where a cohort moves 
forward in time. A state-transition model, also called a Markov model, is also com-
monly utilized in decision analyses. Markov models allow patients or groups of patients 
to transition from one state of health/disease to another as they move through the 
model. The specific strength of Markov models is this ability to reflect disease progres-
sion over time by using different health states or events. Therefore, these models are 
usually well understood by clinicians and can make direct use of traditional 
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epidemiological survival data (e.g. annual rates, Kaplan-Maier curves, time-to-event 
distributions). A Markov model can be used to simulate both short- term processes (e.g. 
recovery after an operation), and long-term processes (e.g. an individual’s life span).

Markov models can be analyzed in several ways. One of the most common is 
known as cohort simulation (Fig. 3.3). A cohort of patients begins the model in any 
of the disease states and the cohort is then tracked for the duration of the model. The 
proportion of the cohort in any of the states at any point in time, and the mean dura-
tion in each state can be calculated. Alternatively, the Monte Carlo simulation 
(microsimulation) approach operates at the level of the individual patient. Many 
hypothetical patients are passed individually through the model and their disease 
pathways recorded, replicating as closely as possible the process of interest. This 
allows investigators to simulate variability in outcome on both the individual and 
population level.

 Other Clinical Applications of Decision Analysis

 Healthcare Policy

Decision analysis techniques are implicitly and explicitly employed in the develop-
ment of health policy. These applications range from recommendations from 
national and international working groups about management of specific disease 
processes, to cost-effectiveness analyses that inform whether or not certain treat-
ment options are viable.

 Clinical Protocols

Clinical protocols can be developed using the “PROACTIVE” approach and by 
eliminating the nonoptimal alternatives in a decision tree. This approach is rela-
tively rigid and is most suitable when patient preference is less likely to alter the 
decision.

Lung Cancer

Treatment

Survive

Recurrent
cancer

Cure

Die

Fig. 3.3 A simple Markov model depicting the transition from one state of health to another
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 Patient Decision Aids

These are tools designed to inform patients about the alternatives where patient 
preference is critical in the decision making process. Decision analysis methodol-
ogy is at the core of developing these instruments. These decision aids provide 
detailed information to patients but generally avoid making a specific recommenda-
tion and leave the final decision up to the patient-clinician team.

 Benefits of Decision Analysis

Although decision analysis is not suitable for all clinical questions, it is clearly a useful 
technique for assisting complex and uncertain decisions, where the best option is not 
immediately apparent. Studying and performing DA clarifies the thinking of clinicians 
by forcing them to explicitly consider the known and the unknown elements of the 
decision process. Additionally, since decision analyses include the results of the most 
relevant research studies in the field, they promote evidence- based decisions. Also, it is 
likely that formal DA studies incorporate a more specific yet a comprehensive range of 
evidence than would be used in a more unstructured approach to decision making. 
Decision analysis provides a framework whereby clinicians can objectively communi-
cate with colleagues and patients about the decision making process [1, 2]. By incorpo-
rating patient-centered outcomes like quality adjusted survival as measures of utility in 
decision processes, it encourages patients to be more involved in the decision process 
[1]. Decision analysis can be a catalyst for encouraging focused research in an area. 
This is particularly true when sensitivity testing leads to a change in the recommenda-
tion and thus generates both active discussion and testable hypotheses.

 Drawbacks and Limitations of Decision Analysis

Since decision analysis is conducted with a specific end-point and a base case analy-
sis which mirrors a clinical scenario, clinicians may have some difficulty applying 
the recommendations or thinking in the same framework when either the end-point 
or the clinical situation is altered. The methodology for decision analysis inherently 
requires making assumptions about the probabilities of events and values and these 
are supported by literature that may be of varying quality. Clinicians who are trained 
to interpret measurable individual data points and make decisions based upon them 
may be skeptical of recommendations generated by utilizing assumptions even 
though they may be based upon sound evidence.

 Conclusion

Clinical decision making is complex and guided by a number of factors including 
medical evidence, personal experience, and intuition. “Decision analysis” provides 
a framework for examining the clinical scenario, synthesizing the available 
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evidence, and providing a recommendation for action. Decision analysis techniques 
are valuable tools in clinical medicine to develop health policy, clinical algorithms, 
and for cost-effectiveness analysis.
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 Introduction

The history of lung volume reduction surgery (LVRS) in the United States exempli-
fies the influence of nonclinical determinants of care. LVRS was first used to treat 
emphysema in the 1950s. However, the procedure didn’t catch favor until the early 
1990s when reported successes from small case series led to a dramatic increase in 
its use nationwide despite variability in results, incomplete follow-up, and lack of 
data on patient selection criteria [1]. Factors that contributed to this included favor-
able media reports, patient advocacy group testimonials that influenced patient and 
surgeon attitudes about LVRS, the relative inexpensive nature of the procedure and 
generous reimbursement [2]. A National Heart, Lung, and Blood Institute (NHLBI) 
workshop of medical experts in September 1995 as well as critical analysis commis-
sioned by the Centers for Medicare and Medicaid Services (CMS) concluded that 
the data on risks and benefits of the procedure were too inconclusive to warrant 
unrestricted Medicare reimbursement. However, as the analysis showed some 
patients appeared to benefit from the procedure, a clinical trial demonstrating the 
effectiveness of surgery was recommended [3].

The announcement of the National Emphysema Treatment Trial (NETT) was 
met with resistance from some in the surgical community who felt that there was 
enough evidence to warrant reimbursement in all cases [4]. The suspension of 
Medicare reimbursement in December 1995 until NETT was completed led to a 
dramatic decrease in the number of LVRS procedures [5]. As many third-party pay-
ers base their coverage plans on CMS guidelines, the policy likely influenced Non- 
Medicare patients and providers. Whether surgeons stopped performing the 
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procedure because of lack of reimbursement or as an acknowledgement of scientific 
uncertainty is unknown. But the sharp decline in LVRS temporally related to CMS 
intervention is clear. NETT determined that a subgroup of patients with localized 
apical emphysema and poor exercise tolerance after exercise training were the most 
likely to benefit from LVRS [6], and subsequent CMS policy partly limited surgical 
decision-making as reimbursement was limited to eligible patients and surgeons.

Delivery of medical advice is characterized by a process of weighing, prioritiz-
ing and structuring information given to a patient into a decision. In the ideal world, 
this is evidence-based. However, non-clinical factors can influence the surgical 
decision-making process. There is a growing expectation for patient participation in 
their care, and passage of the Affordable Care Act (ACA) encourages greater use of 
shared decision-making [7]. Government policy is an example of how non-clinical 
factors can influence the surgical decision-making process.

 Models of the Surgeon-Patient Relationship

The surgeon-patient relationship can be described based on the degree of decisional 
authority assumed by patients as the surgeon as agent, shared decision-making, and 
informed decision-making models (Fig. 4.1). The surgeon as agent is one where the 
physician is the expert adviser who incorporates the values of the patient when mak-
ing a treatment recommendation. The surgeon elicits or assumes these values from 
the patient, and has total command over the decision-making process. As patient 
participation is limited, they may be subjected to biased treatment if the surgeon 
only gives limited treatment options or in the delivery of the same. On the other end 
of the spectrum is informed decision-making. Although the surgeon is recognized as 
the one who has technical expertise, in this model patients are the ones who elicit 

Shared
decision-
making

Surgeons and patients
are equal partners in

interaction

Surgeon as agent

Surgeon has total
command

over decision-making

Informed decision-
making

Patient has total
command

over decision-making

Fig. 4.1 Surgeon-patient relationship models
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and understand information about their treatment choices. The surgeon in this 
instance doesn’t give his/her opinion, but rather presents the patient with various 
options, allowing patients to arrive at their own conclusions.

In between these two models is shared decision-making. Surgeons and patients are 
equal partners in this interaction, where each freely exchanges information and prefer-
ences about treatment options so that a mutually acceptable decision can be made. For 
situations where there isn’t only one clearly superior course of treatment, shared deci-
sion-making can help to better align medical care with patients’ preferences and values.

In surgery, the decision-making process is often situational. Patient autonomy 
and participation can be influenced by medical condition, surgeon factors, patient 
educational level, and availability of evidence-based information on the particular 
condition. We’ll continue to explore the factors that influence the decision-making 
process from the surgeon’s perspective, while a subsequent chapter will focus on 
issues from the patient’s perspective.

 Methodology for Evaluating Decision-Making Factors

Studies of nonclinical factors influencing clinical decision-making use qualitative or 
semi-quantitative research methodologies (surveys, case vignettes, decision- analysis 
modeling) that have methodological limitations [8]. Qualitative research (focus groups 
and key informant interviews) helps develop hypotheses that can then be evaluated 
using semi-quantitative methods. Surveys are at times difficult to interpret because 
limited generalizability to those who respond to the questionnaire, the degree of under-
standing of the questions by the responders, and the extent of socially normative 
responses by physicians. Socially normative responses occur when members of a group 
provide “acceptable” answers to questions when the “real” answer would generate 
negative social judgment. Socially normative answers are more common where 
responding individuals are identified. Subsequent quantitative evaluations of these 
issues may become difficult to do if the number of variables of interest and potential for 
confounding become overwhelming. Methods less familiar to surgeons, such as the 
factorial experimental design, may overcome these obstacles. Factorial design allows 
comparison of different groupings of categorical variables. For example, five dichoto-
mized variables have 32 (25) unique groupings that can be analyzed using hierarchical 
logistic regression. The complexity of the calculations rises with the number of vari-
ables and combinations of variables, and thus even this study design has limitations. It 
is thus imperative that surgeons involved in these type of studies work with behavioral-
ists and biostatisticians who are well-versed in alternative research designs.

 Surgeon Factors Related to Clinical Decision-Making

The clinical decision-making process is often influenced by non-clinical factors from 
the surgeons’ perspective. These factors include the surgeons’ tolerance of uncer-
tainty, risk-taking attitude, demographic characteristics, and their level of training.

4 Decision Making: The Surgeon’s Perspective
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 Impact of Risk-Taking Attitude on Clinical Decision-Making

Reactions to uncertainty and attitudes towards risk intuitively have implications on 
clinical decision-making. However, there is a limit in our understanding of the 
degree to which this issue influences surgical care [9]. Instruments have been devel-
oped in an attempt to assess risk-taking in general among physicians. Nightingale 
[10] 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 (Table  4.1). 
These questions assess respondents’ willingness to gamble for their patients in both 
the face of gain and in the face of loss. Those who refuse to gamble for their patients 
in the face of loss are considered risk averse. In three studies that Nightingale con-
ducted [10–12], a significant correlation was found between resource utilization and 
risk preference in the face of loss. The more often physicians chose the risk averse 
gamble, the more likely they were to utilize additional resources to rule out uncer-
tain outcomes. Most physicians in the setting of certain loss would rather minimize 
loss and fail in half of these attempts, than accept a certain loss. This fear of risk 
taking has been found to be less consistent in other studies [13], and varies based on 
mode of testing and across different cultures [14].

 Impact of Surgeon Age

There is little data looking specifically at the impact of surgeon age and clinical 
decisions. Anecdotes have suggested many surgeons lack insight into the gradual 
degradation of their own skills. Age causes deterioration in physical and cognitive 
performance. Greenfield and Proctor identified cognitive factors that declined with 
age in surgeons including the ability to focus attention, the ability to process and 
correlate information and native intelligence [15]. Trunkey and Botney developed a 
series of tests, the “MicroCog”, that were designed to detect impaired competence 
occurring late in a physician’s career [16]. The tests measure reactivity, attention, 
numeric recall, verbal memory, visuospatial facility, reasoning and mental calcula-
tion. The authors found in all physicians (including non-surgeons) that although 

Table 4.1 Questions used to assess relative risk preferences of surgeons

1. In a choice between two therapies for an otherwise healthy person
  (a)  Treatment A: 100% chance of increase in survival by 5 years as compared to the average 

person, 0% chance of no increase in survival
  (b)  Treatment B: 50% chance of increase in survival by 10 years as compared to the 

average person, 50% chance of no increase in survival
2. In a choice between two therapies for a sick person
  (a)  Treatment A: 100% chance of decrease in survival by 5 years as compared to the 

average person, 0% chance of decrease in survival by 10 years as compared to the 
average person

  (b)  Treatment B: 50% chance of decrease in survival by 5 years as compared to the average 
person, 50% chance of decrease in survival by 10 years as compared to the average person
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they perform better than non-physicians, by age 75 they lose 25% of their starting 
score. In a meta-analysis looking at all types of physicians, Choudhry and col-
leagues found that half of the 59 articles included for study reported declining mea-
sures of quality of care with increasing physician years in practice [17]. Other 
studies have shown that older physicians were less likely to adopt newly proven 
therapies, and may be less receptive to new standards of care [18–20]. In a study of 
93 surgeons and anesthesiologists in Japan by Nakata and colleagues, the relation-
ship between risk attitudes and demographic characteristics were explored in case 
vignettes assessing whether respondents were risk averse, risk neutral and risk seek-
ing [21]. The only positive finding was with regards to age—the older the physician, 
the more risk averse they were. The study concluded that older physicians might shy 
away from risk, while younger physicians may be more willing to gamble.

However, it is unknown what influence emergence of the evidence-based care 
movement and maintenance of certification programs will have on any interaction 
of surgeon age and decision-making.

 Impact of Surgeon Gender

There has been a dramatic change in the number of women entering the physician 
workforce over the past three decades [22]. Women make up close to half of all US 
residents and fellows—increasing from 21.5% in 1980 to 45.4% in 2010. Change 
however is coming more slowly in many of the surgical specialties, where women 
are still a distinctly small minority. As fewer than 5% of cardiothoracic surgeons are 
women [23], the impact of surgeon gender and decision-making have not been 
assessed. There have been small studies comparing communication styles between 
male and female physicians [24]. Female doctors were found to actively facilitate 
patient participation on medical decisions by enacting methods such as partnership 
building, positive talk, question asking, and information giving [24–26]. Female 
doctors were less dominant verbally during clinic visits as compared to males and 
engaged in active discussions with patients.

 Impact of Specialty Training

Surgeon specialty has been shown to be associated with better post-operative out-
comes among high-risk operations [27]. Goodney and colleagues [28] demonstrated 
that board-certified thoracic surgeons have lower rates of operative mortality with 
lung resections compared to general surgeons, although they noted that other factors 
such as hospital volume also influenced a patient’s operative risk of mortality. In a 
lung cancer resection study conducted by our group in the SEER-Medicare popula-
tion [29], we found that board-certified general thoracic surgeons had greater long- 
term survival rates than those treated by general surgeons. General thoracic surgeons 
performed preoperative and intraoperative staging more often than general surgeons 
or cardiothoracic surgeons (those who performed both cardiac and thoracic 
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procedures as part of their practice). In esophageal cancer surgery, Dimick and col-
leagues [30] found that specialty board certification in thoracic surgery was inde-
pendently associated with lower operative mortality rates. Common themes in these 
studies were influence of provider volume on the overall effect, as well as more 
consistent process-of-care measures by specialty surgeons. As there is a trend 
towards increasing specialization amongst surgeons, other factors that may have 
influenced decision- making include training in the modern era, with inclusion of 
evidence- based protocols, and multi-disciplinary participation in tumor boards 
amongst specialists. It is unknown if subspecialty-trained surgeons are more risk 
seeking in their treatment options in light of additional training experience.

 Healthcare System Factors Related to Clinical Decision Making

 Impact of Practice Environment

The Patient Protection and Affordable Care Act (ACA) signed into law in March 
2010 seeks to improve health care delivery in several ways, from access to quality 
to cost. ACA’s goal was to create a movement of payment reforms, in which private 
insurance companies would follow the lead of successful government payment 
reforms, such as bundled payments, and ultimately create system-wide changes for 
reimbursement [31]. Changing the reimbursement structure for providers will inevi-
tably create new issues for surgeons who are making decisions for their patients. 
Most of the payment reforms began in 2011 and 2012, and will continue through 
2016. Two programs designed to restructure the way health care is delivered have 
been proposed under ACA, namely Patient-Centered Medical Homes (PCMHs) and 
Accountable Care Organizations (ACOs). These programs are designed to improve 
care coordination by encouraging use of electronic medical records, changing pro-
viders’ financial incentives by including quality measures in reimbursement, and 
ultimately moving away from a fee-for-service to one where quality of care is val-
ued [32].

The ACO movement has led to increased consolidation and integration in the 
medical marketplace. Hospitals are buying practices, which means that physicians 
are ceding autonomy to belong to the organizations to keep their market share intact 
and to have access to electronic record systems and other infrastructure that are 
expensive to capitalize. Awareness emerges for surgeons that their medical deci-
sions can potentially negatively influence their income. This is not necessarily 
unethical, as cost containment has been recognized as an important circumstance in 
good decision-making [33]. There will be penalties, which could affect physician 
reimbursement. Adoption of rigid guidelines for the treatment of patients may limit 
individual surgeon decision-making, as well as expansion of treatment pathways 
and care plans. All of these are attempts at decreasing variation in care, decreasing 
length of stay, and reducing use of resources.

Surgeons in the Veterans Administration hospital system have participated for 
more than a decade in a systematic data-gathering and feedback system of outcomes 
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for major surgery [34]. 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 influence components of care, and subsequently 
decision-making.

 Impact of Political Environment

Professional organizations can play a role in decision-making by effectively regu-
lating surgeon-directed clinical practice. One example is the guidelines for laparo-
scopic resection of curable colon and rectal cancer [35] written by the Society of 
American Gastrointestinal and Endoscopic Surgeons (SAGES) and endorsed by the 
American Society of Colon and Rectal Surgeons (ASCRS). These guidelines give 
recommendations on tumor localization, diagnostic evaluation for metastases, prep-
aration for operation, surgical technique, as well as minimum number of cases to 
gain proficiency. The society also noted that while robotic surgery appears feasible, 
that in the absence of long-term oncologic outcome studies, no clear recommenda-
tions were made. Guidelines such as these influence members, and are in stark con-
trast to the situation of non evidence-based decision-making that existed for LVRS 
prior to NETT.

The reporting of surgeon-specific outcome data is another example of the influ-
ence of the political environment. Outcome data were rarely reported prior to the 
mid-1980s [36]. The first release of hospital open heart surgery risk-adjusted mor-
tality rates in December 1990 [37] and the first formal public report in December 
1992 [38] marked the start of a new era. These performance reports, or physician 
report cards, have increased in frequency in recent years [39]. Advocates of this 
form of reporting believe they provide information about quality of care that con-
sumers, employers, and health plans can use to improve their decision-making 
and to stimulate quality improvement among providers [40]. They may also 
appropriately promote regionalization of medical centers and consolidation of 
resources. However, physicians are concerned that risk adjustment strategies in 
these reports are not adequate. Without this confidence, publication of procedural 
mortality rates may result in physicians withholding procedures in high-risk 
patients. In a study by Narins and colleagues [39], the attitudes and experiences 
of cardiologists were surveyed about the influence of the New York Percutaneous 
Coronary Intervention (PCI) report card on their decision-making process. 89% 
agreed or strongly agreed that patients who might benefit from PCI may not 
receive the procedure as a result of public reporting of physician-specific mortal-
ity rates. Seventy percent agreed or strongly agreed that the presence of a score-
card influences whether they treat a critically ill patient with an expected high 
mortality rate. The authors concluded that unintended consequence of scorecards 
might be to adversely affect healthcare decisions for especially high-risk patients. 
Scorecards may also impair the development of new treatments because of the 
more restrictive clinical practice environment [40].
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In light of these drawbacks, many have proposed revamping the current system 
to facilitate rapid and accurate access to outcome data in the local practice environ-
ment. Adoption of these efforts is often embraced as this occurs on a voluntary basis 
rather than in response to punitive restrictions. Examples of such grass-roots initia-
tives on a state level that are surgeon-led include those in the states of Michigan [41] 
and Washington [42, 43]. On a national level, the Society of Thoracic Surgeons 
(STS) is a leader in the development of a society-based, publicly reported, volunteer 
registry database that has made a tremendous impact on risk-stratification and out-
comes in cardiothoracic surgery [44, 45]. Surgeons who participate in such database 
initiatives can utilize risk-stratified models to better inform their decision-making 
process.

The Choosing Wisely® initiative helps physicians and patients have important 
conversations necessary to ensure that timely and optimal care is delivered. 
Launched by the American Board of Internal Medicine (ABIM) Foundation, 
Choosing Wisely® enables physicians and patients to engage in conversation about 
the overuse of tests and procedures, and helps patients make smart and effective 
care choices [46]. The original campaign has evolved into a multi-year initiative 
where the ABIM Foundation has reached out to specialty societies to identify a list 
of five tests or procedures that may be overused or misused. Criteria for developing 
these lists include limiting to items that fall within the specialty; supported by evi-
dence; documented and publicly available upon request; frequently ordered/costly; 
easy for a lay person to understand; and measurable/accountable. The STS partici-
pated in the February 2013 phase II release [47] (Table 4.2). These specialty gener-
ated lists help to empower physician-patient conversations and to avoid unnecessary 
procedures that may harm patients while driving up health care costs. Sixty-three 
specialty societies have joined the campaign, with additional lists targeted for 
early 2014.

 Impact of the Medico-Legal Environment

Fear of lawsuits has had a dramatic effect on many specialties. Surgeons may be 
influenced by medico-legal risks in terms of their decision-making with certain 

Table 4.2 Society of Thoracic Surgeons Choosing Wisely® List

1.  Patients who have no cardiac history and good functional status do not require 
preoperative stress testing before non-cardiac thoracic surgery

2.  Do not initiate routine evaluation of carotid artery disease before cardiac surgery in the 
absence of symptoms or other high-risk criteria

3.  Do not perform routine predischarge echocardiogram after cardiac valve replacement 
surgery

4.  Patients with suspected or biopsy proven stage I non-small cell lung cancer do not require 
brain imaging before definitive care in the absence of neurologic symptoms

5.  Before cardiac surgery there is no need for pulmonary function testing in the absence of 
respiratory symptoms
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operations in high-risk populations. The exact extent of this influence is unclear in 
the field of thoracic surgery. However, as a specialty that deals with a significant 
proportion of high-risk patients, it is certain that the cardiothoracic surgeon will 
face such a challenge in their career [48].

 Summary

Although the ideal is to practice evidence-based medicine at all times, there are 
many non-clinical factors that influence the care that we provide. For every pro-
cedure there is sadly variability in operative and periprocedural care, with asso-
ciated variations in outcomes between centers. Lapses in quality are a main 
driver in this variation. Further investigation into non-clinical factors may not 
only help to explain variation, but also serve as targets for change to improve 
outcomes. Areas of non- clinical influences include surgeon factors (such as 
risk-taking attitudes, age, gender, specialty training), and healthcare system fac-
tors (practice, political and medico-legal environment). Better assessment and 
control of these factors can lead to rational, consistent and appropriate care for 
our patients.
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 Introduction

Traditional healthcare was characterized by physician paternalism in guiding 
patients towards what treatment the physician determined was best to address the 
patient’s condition [1]. Healthcare and decision making about treatments is evolv-
ing towards a practice referred to as Shared Decision Making (SDM), especially for 
problems for which there is no single standard of care. SDM requires the participa-
tion of both the physician and the informed patient. This paradigm shift is expand-
ing rapidly owing to the availability of patient-oriented information on the internet 
and through social media.

The change extends beyond the primary care setting, where patients and physi-
cians often have a well-established relationship, to include surgical clinics, where 
the surgeon is charged with relatively limited, short-term care of the patient [2]. 
With more patients seeking an active role in SDM for difficult decisions, failing to 
ensure patients are sufficiently informed when taking part in SDM is likely to have 
negative, dramatic, and irreversible consequences in surgical care.

In decisions where relevant evidence is limited and patient values and goals can 
be diverse, informed patient preferences should be incorporated into making the 
choice. Consequently, this requires the sharing of information with the patient so 
that they are equipped with a good understanding of their situations and options. If 
the growing demand for SDM is to be met and executed appropriately, surgeons 
must be prepared to inform patients and foster healthy SDM.
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 What Is Shared Decision Making?

SDM is a clinical approach in which informed patients actively share in making 
choices about their own care with their physicians. SDM is specifically required 
when, due to limitations of medical evidence, none of the options is considered a 
true standard of care. For some health problems requiring SDM, there are trade-offs 
between options. Options are linked to various probabilistic outcomes that make the 
right decision reliant on patients’ preferences [3]. The SDM process is a compound 
and ordered one that typically takes place in a face-to-face consultation between the 
patient and physician. The goal is to first deliver the important information and 
ensure its comprehension, then deliberate over the options to settle on the preferred 
course of action.

Driving this transition from traditional paternalism towards SDM is the evolution 
of the physician-patient relationship towards a more collaborative model. It likely 
reflects changes in population demography as more paternalistic pre-baby boomers 
pass away and are replaced by later generation autonomous healthcare consumers, 
but it also receives pro-active international advocacy from many medical care pro-
viders, researchers, and ethicists as a moral imperative.

 Call for Shared Decision Making

The practice of SDM has gained proponents, critics and researchers from all around 
the world over the decades. An international panel of medical experts convening in 
Salzburg in 2010 came to a consensus and released the Salzburg Statement on 
Shared Decision Making declaring that the implementation of effective SDM would 
make the single most profound improvement to healthcare quality [4]. The state-
ment included instructions for health policy makers as well as physicians and 
patients. It asserted that physicians have an ethical imperative to practice SDM with 
patients, engage in two way communication, field and answer patients’ questions, 
and solicit patients’ values and personal preferences. Physicians should also provide 
accurate and individually tailored information about options and the uncertainties, 
benefits, and harms of treatment options. They must allow patients sufficient time to 
consider their options and recognize that most decisions need not be made immedi-
ately. The Salzburg Statement implored patients to recognize their right to partici-
pate, to voice their concerns, questions, and values, and seek out and utilize the 
highest quality information available [4].

Survey data indicate that patients express a desire for SDM, but that significant 
variance still exists in patient preferences for decisional control, as some patients 
still desire the physician to take a guiding role [5]. A qualitative interview study 
indicated that older frail patients expressed a desire for information but not neces-
sarily to have input into the treatment choice [6]. Cancer patients often desire to 
have important information even when they indicated that they don’t prefer a very 
active role in settling on the treatment choice. Although there will continue to be an 
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overall increasing desire for information and continuing evolution towards more 
patients wanting to be active participants in SDM, multiple decision making styles 
will persist.

 Meeting the Requirement of Informed Patients in SDM

SDM is said to be performed effectively when patients accurately comprehend all of 
the necessary information regarding their options, identify their values and prefer-
ences, and determine which treatment choice gives them the best odds of realizing 
their goal [7]. Having a more equal informational footing, the patient and physician 
can often come to an agreement about what treatment best fits an individual patient’s 
health state preferences and tolerance for risks, but if an agreement is not struck, the 
patient’s preferences should ultimately prevail [4].

In much of the SDM literature, the “important information” is only vaguely if 
ever defined, but it is to some degree specific to the diagnosis and available treat-
ment options. When considering surgery, it is important that the patient know the 
essential information at the critical time because this treatment cannot be discontin-
ued and is irreversible. This is a serious concern with older patients who are observed 
to take different strategies in decision making and bias their attention in ways that 
younger patients do not [8].

Unfortunately, nationally representative survey data suggest that patients do not 
know the relevant information about a disease, prognosis and available options at 
multiple important points in care [9]. As a result, an entire decision support aid 
movement has started with the mission of developing and verifying the quality of 
tools intended to improve patient knowledge, including tools relevant to surgery 
[10, 11]. Many of these tools are intended to avoid ineffective SDM participation by 
uninformed or confused patients that could lead to treatment choices that do not 
match the patient’s preferences and goals.

Several barriers to patient participation in SDM, which all could jeopardize 
patient education, have been identified and include dealing with multiple profes-
sionals unfamiliar with their preferences, diverse treatment strategies among physi-
cians, fast patient turnover in hospitals, stressed medical personnel, and 
communication barriers [6]. All of these factors are risks that hinder the communi-
cation between patients and surgeons and contribute to leaving patients in a state of 
poor comprehension.

 Impact of SDM on Clinical Outcomes

Currently, the downstream consequences for succeeding or failing to practice good 
SDM are not well-documented or understood. The rationale is that if a patient is to 
express their values, goals, and preferences and work with the physician to choose 
the treatment option that best fits, they must have an accurate model of the problem 
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in their mind. There is some evidence that the quality of SDM is predictive of 
patient-centered, clinical and care-cost outcomes. Decision conflict is a construct 
that largely reflects how satisfied a patient is about their treatment decision shortly 
after making it and usually prior to fully realizing the outcome. There is debate 
about the tenability and value of lowering patients’ decision conflict [12], but help-
ing patients feel secure and confident in their treatment choice will benefit overall 
satisfaction with care.

Although, the ethics of SDM should make it immune to cost considerations, the 
potential to lower or raise costs is of growing interest. Good SDM could improve 
satisfaction and functional outcomes, but poorly executed SDM could dispropor-
tionately increase costs and worsen clinical outcomes, satisfaction with care, and 
quality of life. Patients are unlikely to be as influenced by financial incentives as 
much as physicians often are, but it is not a certainty how SDM will influence the 
cost of care until more appropriate and longitudinal data are available. Some theo-
ries have been proposed as to how SDM might lower costs, and one in particular, 
costs of litigation, is highly relevant to surgery. Some data indicate that it is health 
care professionals’ style and not the content of their communication that predicts 
litigation. There is evidence that failures of SDM such as devaluing patient or fam-
ily views, delivering information poorly, and failing to understand the patient’s per-
spective of the problem were predictive of litigation [13–15]. Improving patient 
comprehension and participation in SDM could lower the high rate of litigation in 
surgery, and therefore potentially decrease health care costs.

 The Need for SDM in Surgical Care

The global population is growing older because there are more people who are liv-
ing to an older age. The U.S. population over age 65 is estimated to increase from 
40 million in 2010 to 88 million in 2050 [16]. Surgeons deliberate over details, 
including patient age and frailty. They take into account the characteristics of the 
patient, their diagnosis, and the risks associated with surgery, and then formulate a 
recommendation about whether or not having surgery is the best course of action. 
Although there are professional and financial biases pushing surgeons to recom-
mend surgery, they recognize when a patient is not an ideal surgical candidate and 
that it might be advisable to consider other options.

When presenting to a surgery clinic for a condition that can be treated surgically, 
patients are regularly evaluated on their surgical candidacy. Although surgery is 
quite common for some conditions, the decision about having surgery is not obvious 
when the patient is at higher risk for complications or less likely to benefit from 
resection. Without additional concerns, surgery is often preferred because it is 
definitive and is associated with improved quality of life and decreased mental 
anguish. However, the immediate and long-term risks associated with surgery pro-
vide reason for pause, and more thorough pre-surgical assessment reveals that not 
all patients prove to be good surgical candidates.
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Surgical evaluation often involves assessment of physiologic performance 
thresholds that predict good immediate surgical outcomes, but lower scores are not 
prohibitive, and the clinical complexity and diversity of patients has made it intrac-
table to identify criterion values below which the surgical risk level should be con-
sidered excessive for all patients. In addition, some operations result in important 
long-term functional impairment that is permanent, and communicating how such 
impairments affect quality of life is often challenging.

There are often alternatives to surgery, including medical therapy or radiation 
therapy, depending on the condition. Some patients may simply be observed if their 
condition doesn’t require immediate intervention, and when intervention ultimately 
is warranted the treatment options may be more clear to both the patient and the 
surgeon.

Many of the data upon which treatment decisions are based are from studies that 
did not include random assignment and that under-represented specific populations 
such as older patients and women. Consequently, there are insufficient data to pro-
vide guidelines for a diverse patient population that presents a complex array of 
variables and co-morbid conditions.

 Problems with SDM and Surgery

The claim that patients are to be informed participants in SDM brings new chal-
lenges for both patients and their physicians because appropriate training and infra-
structure for good SDM has largely not been put into place. As well, patients are 
usually not prepared to get the most out of their face-to-face time with the surgeon. 
Many patients are already predisposed for or against surgery prior to their initial 
consultation with a surgeon. This may be a result of their conversations with non- 
surgical specialists, family influences, personal biases, or misinformation. Many 
patients with a diagnosis of cancer are predisposed to surgery even if evidence dem-
onstrates that surgery is not their best treatment option [17].

Older patients are likely to have greater difficulty participating in SDM for mul-
tiple reasons. Older people represent a more diverse population than their younger 
counterparts because of the prevalence of a wide variety of medical conditions and 
physical functioning. Some older patients have a combination of medical conditions 
to be managed and an array of medications carrying various risks and side-effects. 
As the large influx of older patients floods into surgical clinics, these surgeons will 
be faced with tremendous challenges of delivering appropriate treatment to a diverse 
patient population, for which there are few data to guide treatment choices.

 Patient Clinical Complexity
Many factors can increase surgical risk and render the decision about whether or not 
to have surgery more difficult. When the patient is not otherwise healthy, but instead 
has significant co-morbid health conditions or significantly diminished cardio- 
pulmonary function, they are less likely to benefit and are at higher risk for adverse 
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outcomes. Outcomes can be expected to be worse in patients with more co-morbid 
burden [18], and scoring systems have been developed that demonstrate the rela-
tionship of cumulative deficits to adverse outcomes [19]. Advanced age itself has 
become a difficult issue in surgical decisions as people are living longer and the 
population of advanced age adults is one of diverse health. Some patients of 
advanced age are robust and highly functional, while others have difficulty with day 
to day endeavors and are vulnerable to further degradations of function and looming 
mortality.

There is a potentially important impact on surgical outcomes of the widely- 
recognized but poorly understood geriatric syndrome of physiological frailty [20–
22]. Surgical clinics are becoming increasingly adept at assessing patient frailty 
through assessment of physical and cognitive factors. Surgeons also put the patient 
to the “eyeball test” regarding their fitness for surgery, assessing the patient’s surgi-
cal candidacy more intuitively and beyond what is captured in traditional pre- 
surgical evaluations, but much remains to be learned about the impact of frailty on 
surgical outcomes and how to predict it [23].

There is no clear criterion cutoff for any pre-surgical or physical evaluation that 
expressly prohibits sending a patient to surgery and the available published data are 
not of sufficient quality to set sound practice guidelines for a clinically diverse 
patient population. The process of assessing risk and probable outcomes for imper-
fect surgical candidates is rather fuzzy and speculative and, even with information 
on frailty, there remains a high amount of uncertainty regarding an individual 
patient’s fate. Consequently, without strict guidelines, SDM is called for so that 
patients know that their options lead to uncertain outcomes, but that there is infor-
mation about their own surgical fitness worth knowing when deciding on treatment.

 Difficulties in Patient Comprehension
Patients are never standing on the same ground as surgeons regarding foundational 
knowledge about disease and surgery. A substantial barrier to implementing effec-
tive SDM is helping patients understand the important facts about their disease and 
treatment options so that they are accurately informed at the time that they are par-
ticipating in the decision making process. The devil is in the details because patients 
must know how their own clinical characteristics might impact the perioperative 
risks and probabilities of different outcomes. A verbatim detailed comprehension of 
risk statistics appears to be neither necessary nor sufficient to guide decisions of 
physicians or patients if they do not derive the proper meaning [24, 25]. Educational 
barriers are important obstacles to patient comprehension [26]. What is important is 
that patients understand what can be expected to happen if the disease goes untreated, 
what options are available to them to combat the disease, the goals of each treat-
ment, the advantages and disadvantages of those options, and the uncertainty inher-
ent in all. This is not always feasible for surgeons to convey or patients to 
comprehend [27].

Non-demented older patients process information differently and sometimes 
implement strategies that are unlike those used by their younger counterparts. As 
cognitive abilities change over the life span, there is sometimes a shift towards 
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emotion- based information that can impact risk perception and decision making [8, 
28]. Older adults often use religious coping for health related stressors, and that 
coping can come in positive or negative forms, such that they can either alleviate or 
bring on psychological morbidity [29]. However, it is not clear what impact reli-
gious thinking has on the treatment decisions of patients considering risky, but 
potentially curable, surgical treatment options with varying risk and promise.

Cancer patients deciding about surgery sometimes hold beliefs that contradict 
evidence-based medicine and can potentially misguide their decisions. In surgical 
oncology, some patients believe that cancer will spread during the surgery if the 
cancer, “hits the air” [30]. This belief is found to be retrospectively predictive of the 
decision to forego surgery [31] and it was found to be widespread among a national 
sample of healthy survey respondents [32]. It is clear that patients’ abilities to pro-
cess information and the mental representations that they ultimately construct can 
make a big difference in which choice they make about treatment.

 Surgical Practice
The traditional practice of surgery might also provide barriers to effectively satisfy-
ing the requirement of an informed patient in SDM. Ultimately, the goal of all sur-
geons is to do the best that they can for their patients. However, this requires 
separating out the often influential institutional and financially-driven goals to more 
clearly determine what is preferred by the patient. It is likely that the professional 
culture of surgery has worked against the adoption of SDM as common practice. 
Surgeons focus on creating a feeling of confidence and optimism in their patients, 
which is somewhat at odds with delivering the “cold hard facts” and sometimes 
troubling risk information [2].

Surgeons strive to maintain an optimistic stance regarding the treatment that they 
provide and they often refer to an operation that removes all of the known cancer 
cells as a “cure” [1, 33]. This is thought to be integral part to the surgeon-patient 
relationship because putting patients into a positive state of mind is important to 
maximize hopes of a good outcome. The surgeon addresses the pre-surgical goal of 
comforting and convincing the patient that she or he is in good hands in the operat-
ing room and works to cultivate an optimistic attitude about surgery. The operation 
is typically performed only in cases in which the surgeon believes that it is justifi-
able, given the patients level of surgical risk, and the patient agrees to do what the 
surgeon believes is best. However, eliciting optimism in patients is difficult to bal-
ance with delivering important information about risk, uncertainty, or trade-offs that 
might be viewed as unfavorable by the patient in order to allow them to be fully 
informed participants.

Additionally, surgeons have other incentives to make specific choices [33]. There 
is little gain accrued when a patient is referred to radiation oncology, but surgeons 
receive financial incentives for patients going to the operating room [1]. Many fac-
tors cast doubt that popular current practices in surgical clinics effectively help 
patients to be informed and to share in difficult decisions about whether or not to 
undergo. Many of these motivations make assisting the patient in SDM a secondary 
concern, and even at odds with some of the surgeon’s goals.
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 The Way Forward

It will become increasingly important for surgical clinic staff to be able to effec-
tively educate patients on the important information and engage in SDM with 
patients, as it becomes the prevailing practice of healthcare. With a growing number 
of older, more clinically complex patients presenting to surgery clinics, some 
changes to surgical care practices will be necessary. These changes include a pre-
mium put on identification of patients’ informational needs and desire for participa-
tion, well-designed external patient education resources, and decision support that 
is integrated into the individual patient’s surgical consultation.

Surgeons should ascertain what level of involvement each of their patients want 
in the decision making process. Even when an older, sicker or frailer patient desires 
a passive role in SDM, the surgeon should take account of the patient’s preferences 
and risk tolerances for different outcomes. For patients wishing to provide input into 
the choice, participation in SDM involves first education, confirming that they com-
prehend the essential information about their cancer diagnosis and treatment 
options, and inviting them to express their desires. Participation by an uninformed 
patient can be counterproductive and lead to choices that are a poor fit for patients’ 
goals or leave them poorly prepared and in the dark about what lies ahead.

As difficult as it is to share such information, a patient should know the progno-
sis of their disease and the approximate time-frame in which it can be expected to 
advance and take their life. They should be told that there are options other than 
surgery, and that these might be worth exploring before making a choice, especially 
when they are not ideal surgical candidates. They should also know what treatment 
side-effects and health states are possible results from different treatments. A patient 
who wishes to eradicate their cancer in hopes of living as long as possible must be 
knowingly willing to accept a comparatively higher risk of treatment-related mor-
tality and lasting morbidity. Such patients might choose to have surgery even if they 
are at a somewhat higher risk for complications or adverse outcomes because they 
desire what gives them the best hope of long-term survival. Conversely, a patient 
who believes that their remaining life-expectancy is too short to benefit from a high 
risk treatment offering a potential cure (5-year survival), should understand that 
they need not accept the risk of surgically-associated mortality and morbidities to 
do something to combat the malignancy, and instead could pursue radiation therapy 
which could slow the cancer’s advancement and better preserve healthy lung tissue.

Further research is needed to understand SDM in surgery and how to improve 
and support it. The current theories of SDM and the instrumentation used to mea-
sure this process have been developed and used largely in primary care and, to a 
lesser degree, shown to be appropriate in oncology [34]. These instruments might 
not be well-tuned to measure and assess SDM or patient comprehension in surgical 
contexts and thus might have limited value in understanding the challenge that sur-
gical professionals face when educating and sharing with their patients.

More research is needed to fully understand how to more reliably and consis-
tently meet the unique decision support needs of older, clinically complex patients 
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faced with a decision about curative surgery as they are likely to differ from those 
of patients in a primary care or medical oncology setting. The relatively short-term 
doctor patient relationship in surgical clinics, the trust required for effectively deliv-
ering surgical consultation, the high-risk/high-reward prospects of surgery, and the 
relative urgency with which surgical patients must be made informed, all make 
SDM a more difficult endeavor for surgical specialists than primary care physicians 
or even oncologists,

The specifics of each kind of surgery are important to SDM. There is limited 
support available for higher surgical risk early-stage cancer patients. The majority 
of the decision research that has examined SDM in surgical oncology has focused 
on breast cancer patients. A formal review of 25 empirical articles published 
between 1986 and 2006 on breast cancer patients making surgical decisions report 
that patients’ information needs were consistent and ranked (in order) were: chances 
for a cure, stage of disease, and treatment options [35, 36]. Patient age and educa-
tion predicted information needs and source use [37]. However, some research has 
examined patient-centered factors that predict a choice regarding surgery and shows 
that negative perceptions of the patient-physician interaction on a communication 
scale importantly influences patients’ decisions [31]. More research and develop-
ment of sound SDM support aids and patient education are required to meet the 
needs for the growing population of older and clinically diverse patients deciding 
about surgery.

For the time being, surgeons should strive to inform the patients presenting to 
their clinic that there is no standard of care and that multiple courses of action are 
justifiable. They should also ascertain the degree to which each patient wishes to 
actively weigh options and participate in making the choice. As in all areas of health 
care, physicians should express an eager willingness to answer any questions the 
patient has, allow them time to think over surgery and other options, and permit 
them to explore information in greater detail before making a decision.

 Summary

Patients’ desired role in difficult decisions, such as whether or not to undergo cura-
tive cancer resection when deemed to be less than ideal surgical candidates, contin-
ues to shift towards active and informed participation in SDM with the physician. 
This change brings profound challenges to a specialty already overtaxed on time 
and resources because good SDM requires that patients are accurately informed at 
the time of sharing in the decision. They must understand options, uncertainties, 
risks and potential tradeoffs. Currently, there appear to be significant risks that 
patients presenting to a surgical clinic are not accurately informed and have miscon-
ceptions that might steer them away from a treatment that might suit their goals and 
preferences. Further research can help to illuminate the problems in SDM for sur-
gery and how to solve them. It is likely that the burden of preparing patients for 
effective SDM in surgical clinics will have to be shared with professionals other 
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than the surgeons because the surgical clinics are too limited. For now, surgeons 
should be aware of the importance of striving to maximize patients’ understanding 
about their disease and treatment options so that the patients’ values and preferences 
guide a treatment choice that is right for them.
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 Introduction

Preoperative staging of the mediastinum in patients with non-small cell lung cancer 
(NSCLC) with computed tomography (CT) of the chest and positron-emission-
tomography (PET) remains suboptimal. Initial pathologic pre-operative staging is 
usually comprised of two modalities: endobronchial ultrasound guided transbron-
chial needle aspiration (EBUS-TBNA) and mediastinoscopy. Recommendations 
have been published by the American College of Chest Physicians (ACCP) [1, 2], 
European Society of Thoracic Surgeons (ESTS) [3], National Comprehensive 
Cancer Network (NCCN) [4], and the European Society for Medical Oncology 
(ESMO) [5] regarding indications for invasive mediastinal staging in patients with 
NSCLC. In the following sections we review the landmark articles describing the 
techniques used for initial staging of patients with lung cancer. We provide an 
update of the literature since the publication of the above listed guidelines.

 Search Strategy

Systematic methods were used to find relevant studies, assess their eligibility for 
inclusion, and evaluate study quality based upon the predefined-Patient, Intervention, 
Comparison, Outcomes (PICO) questions (Table  6.1). The online database 
MEDLINE was searched for papers published in English between January 1, 2000 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_6&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_6#ESM
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and September 30, 2019. All landmark articles prior to 2013 ACCP guidelines were 
included based upon references from the ACCP, ESTS, NCCN and ESMO guide-
lines if they were relevant to the PICO question. For the PICO question, the follow-
ing terms were used in Pubmed: endobronchial ultrasound, endosonography, 
mediastinoscopy, lung cancer, endoscopic ultrasound, lymph nodes, clinical N1, 
staging, N1 node, pre-operative, contralateral hilar nodes, contralateral interlobar 
nodes and N3 node. Studies were also identified by use of the related articles’ func-
tion in PubMed; the references of identified articles were searched manually. A total 
of 3651 articles were returned using the above search strategy. Additional articles 
were captured by reviewing the reference lists from identified studies and pertinent 
review articles and guidelines. After a thorough review, 42 articles (including 29 
original studies or meta-analysis) were used in our assessment and 
recommendations.

 Results

 Is EBUS-TBNA More Accurate than Mediastinoscopy 
for Mediastinal Staging?

The performance of EBUS-TBNA for initial mediastinal staging of lung cancer has 
been compared to that of mediastinoscopy in prospective and retrospective studies 
as well as systematic reviews (Table 6.2). Yasufuku et al. compared EBUS-TBNA 
and mediastinoscopy in 153 patients and demonstrated equivalent results [6]. Ernst 
et  al. showed similar results, where 93% of the patients who underwent EBUS- 
TBNA had appropriate identification of their pathologic state vs. 82% by mediasti-
noscopy (P = 0.083). They also demonstrated that per lymph node (LN) analysis, 
EBUS-TBNA had higher diagnostic accuracy (91%) compared to mediastinoscopy 
(78%) (P = 0.007) [7]. The major difference in the yield between the two procedures 
was primarily related to the difference in diagnostic yield at station 7 (98% for 
EBUS-TBNA vs. 78% for mediastinoscopy, P = 0.007), possibly because of EBUS 
access to the low and posterior subcarinal lymph nodes. This was re-demonstrated 
by Um et al. [8] who showed a trend towards inferior diagnostic yield at station 7 
LN via mediastinoscopy (75% with mediastinoscopy vs. 82.5% with EBUS-TBNA). 
These authors also found a significantly lower yield at station 4L using mediastinos-
copy (52.4%) as compared to EBUS-TBNA (81%) (P = 0.027). A 2015 systematic 
review, however, compared ten studies that used EBUS-TBNA to seven studies that 
used mediastinoscopy and demonstrated comparable sensitivity for staging of lung 

Table 6.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients with known or 
suspected lung cancer

EBUS Mediastinoscopy Accuracy
Completeness
Safety
Adjunct procedure utility

A. Agrawal and S. Murgu
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cancer [9]. A 2018 retrospective original study suggested higher nodal staging accu-
racy using EBUS-TBNA compared with mediastinoscopy [10]. Thus, the current 
literature suggests that EBUS-TBNA and mediastinoscopy have similar perfor-
mance in staging of lung cancer with likely higher accuracy of EBUS-TBNA for 
posterior station 7 and possibly for station 4L lymph nodes.

 Should Sampling of N1 Nodes Using EBUS TBNA Be Routinely 
Performed as Part of Pre-operative Staging?

Some surgical series have reported that patients with hilar pN1 disease have a worse 
prognosis as compared to patients with more peripheral pN1 disease (interlobar 
nodes) [11]. In fact, the most recent IASLC staging data reported that patients with 
pN2 metastasis at a single lymph node station without hilar involvement (skip 
metastasis) had better survival than those with pN1 metastasis at multiple stations 
[12]. These findings may justify the use of neoadjuvant chemotherapy in patients 
with multiple N1 disease [13], however, routine sampling N1 nodes is not standard 
of practice in candidates for lobectomy. The role of EBUS for detecting N1 nodes 
has been reported by few investigators (Table 6.3). In one such study, Yasufuku et al. 
demonstrated a sensitivity, specificity, diagnostic accuracy, and NPV of 76.2%, 
100%, 96.6%, and 96.2% to accurately differentiate between N0 and N1 disease 
[14]. Based on the current IASLC nodal staging system and available literature, we 
suggest that once the mediastinal staging is completed, sampling hilar and interlo-
bar N1 nodes with EBUS should be performed as results are relevant for prognosti-
cation and possibly for induction therapy.

Given the fact that EBUS-TBNA can accurately assess the hilar and interlobar 
lymph nodes, it is important that non-surgical patients undergo EBUS-TBNA from 
ipsilateral hilar and interlobar lymph nodes for ruling out N1 disease prior to stereo-
tactic body radiotherapy [15–17].

 Should Routine EBUS-TBNA of the Contralateral Hilar 
and Interlobar Nodes Be Performed as Part 
of Pre-operative Staging?

It is important to note that in studies that compared EBUS with mediastinoscopy for 
staging NSCLC, the mediastinal lymph nodes were evaluated and sampled by 
EBUS if they were >5 mm, starting with mediastinal N3 (stations 2 and 4) and sub-
sequently sampling N2 and N1 nodes. However, in those trials, the contralateral 
hilar (station 10) and interlobar (station 11) LNs were not sampled [6, 7, 18] and this 
did not affect surgical outcomes. In fact, if the contralateral mediastinal nodes (sta-
tions 2 and 4) are found to be positive on ROSE, then the contralateral hilar or 
interlobar nodes do not affect staging [12]. Thus, routine aspiration of CT-PET 
negative contralateral hilar or interlobar nodes is not warranted during routine 
EBUS-TBNA staging.
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If rapid onsite evaluation (ROSE) is used and N3 disease is found in the medi-
astinal lymph nodes, then contralateral lymph nodes 10 and 11 should be sam-
pled (after changing the EBUS needle) as their involvement affects the 
radiation field.

 Should EBUS-TBNA or Mediastinoscopy Be Used as the Initial 
Procedure for Pre-operative Staging in Patients with Clinical N1 
(cN1) Disease?

There is reproducible evidence that preoperative staging of the mediastinum in 
cN1 disease (N1 nodes large on CT or positive on PET) is important due to a high 
prevalence of occult N2/N3 disease. The median range of occult N2/N3 disease 
in patient with cN1 disease is reported to be 20–42% based on prospective and 
retrospective studies [19]. Therefore, guidelines recommend routine pre-opera-
tive staging in these circumstances. The ACCP and ESTS guidelines provide 
slightly different recommendations regarding the best initial staging procedure in 
these patients. The ACCP guidelines suggest endosonography methods over sur-
gical procedures as the best first test (ACCP, evidence level 2B). The ESTS 
guidelines state that the choice between mediastinoscopy with biopsies or with 
pre-surgical lymphadenectomies (VAMLA or TEMLA) and endoscopic staging 
by EBUS/EUS with FNA depend on local expertise (evidence Level V). It is 
important to note that VAMLA is only performed at certain expert thoracic cen-
ters in Europe and not routinely performed in the United States. Older studies 
showed the sensitivity of EBUS-TBNA for detecting malignancy is 89%, speci-
ficity 100%, and the negative predictive value is 98.9% in these patients [20]. A 
recent meta-analysis of patients with cN0/N1 disease showed that EBUS-TBNA 
had pooled sensitivity of 49%, pooled specificity of 100%, and a mean negative 
predictive value of 91% for detection of unsuspected N2/N3 metastases (mean 
prevalence of N2/N3 disease was 15%). The authors concluded that preoperative 
systematic staging by EBUS-TBNA of early lung cancer can reduce postopera-
tive upstaging [21]. A prospective study of 100 patients with cN1 disease on 
imaging showed that endosonography (EBUS-TBNA or EBUS- TBNA combined 
with EUS-FNA) had a sensitivity of 38% to diagnose N2 disease, which could be 
increased to 78% by adding mediastinoscopy. This analysis concluded that ten 
mediastinoscopies were needed to detect one additional N2 disease missed by 
endosonography [22]. A subsequent non-randomized prospective study of 105 
patients with cN1 disease showed that mediastinoscopy had a sensitivity of 73% 
to diagnose unsuspected N2 disease. It is important to note that 33 of these 
patients (31%) underwent a video mediastinoscopy with lymphadenectomy 
(VAMLA) with excellent results [23, 24]. More recently, Vial et al. showed that 
the prevalence of occult N2 disease in patients with cN1 disease can be as high 
as 36% and EBUS identifies 80% of these patients during pre-operative staging 
[25]. In this analysis, all EBUS procedures were performed under general anes-
thesia, with ROSE availability in a high-volume center. A recent meta-analysis 
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comprising of 3248 patients showed that the rate of occult N2 disease in patients 
with resected NSCLC was similar in patients staged with endosonography alone 
compared to those who underwent additional surgical staging with mediastinos-
copy [26]. These authors also reported 6% morbidity in patients undergoing 
mediastinoscopy [26].

Based on the available evidence (Table 6.3), we conclude that in patients with 
CT-PET normal mediastinum and cN1 disease, a thorough EBUS-TBNA staging 
procedure is preferred over mediastinoscopy as the initial preoperative staging pro-
cedure, as is recommended by the ACCP guidelines.

 What Are the Relevant Complication Rates for EBUS-TBNA 
and Mediastinoscopy?

The complication rate of mediastinoscopy reported in the literature is ~2.5% includ-
ing pneumothorax, infection, injury to major mediastinal vessels, recurrent laryn-
geal nerve, airway and esophagus [27]. Mediastinoscopy-related mortality has been 
reported to be 0.08–0.1% [28]. The reported complication rate with EBUS-TBNA 
is 1–2% and includes bleeding, infection, and pneumothorax with a mortality of 
0.01% [29, 30]. The available evidence demonstrates that EBUS-TBNA is a safer 
procedure compared to mediastinoscopy, which justifies the recommendation that 
EBUS-TBNA should be the first procedure offered for initial pathologic mediastinal 
staging.

 Should Endoscopic Ultrasound Fine Needle Aspiration (EUS-FNA) 
Be Performed in Addition to EBUS-TBNA for Routine 
Pre- operative Mediastinal Staging?

As EBUS-TBNA does not provide access to stations 5, 6, 8 and 9, some authors 
have advocated adding endoscopic ultrasound (EUS-FNA) to EBUS-TBNA for 
complete sonographic staging of the mediastinum. Combined endosonography has 
been proposed to incorporate both procedures in a single sitting but this is not stan-
dard of practice.

A recent meta-analysis noted an increased pooled sensitivity of 12% by add-
ing EUS-FNA to EBUS-TBNA during mediastinal staging [31]. However, the 
pooled sensitivity of EBUS alone in this analysis was much lower than that 
generally accepted for EBUS and reported in the ACCP guidelines (72% vs. 
89%) [2, 31, 32]. Multiple studies assessed the value of combining EBUS-
TBNA with EUS-FNA for initial staging of lung cancer. A careful review of 
those studies demonstrated that EUS-FNA added to the increased diagnostic 
yield by providing better access to LN stations 4L and 7 and on occasion access 
to station 5 rather than station 8 and 9 [33–38]. This suggests a lack of a thor-
ough EBUS-TBNA staging practice and not necessarily a need for an addi-
tional technology. Furthermore, the involvement of station 8 and 9  in the 
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absence of upper mediastinal LN involvement (station 2, 4 and 7) is also 
extremely rare and thus unlikely to be even detected by pre-operative needle 
aspiration [13, 39, 40]. Stations 5 and 6 can be well visualized by EUS but can 
rarely be sampled without traversing the pulmonary artery or aorta. These sta-
tions are pre-dominantly involved in left upper lobe tumors and surgical stag-
ing with video-assisted thoracic surgery (VATS) is the method of choice for 
these nodes, as recommended by guidelines [2, 3, 41]. The 2015 ESGE/ERS/
ESTS guidelines, however, recommend the use of combination of EBUS-TBNA 
and EUS-FNA (recommendation grade C) when available for diagnosis and 
staging of lung cancer [41]. The 2013 American College of Chest Physician’s 
guidelines commented on unresolved issues regarding training and availability 
of combined endoscopic procedures but did not offer specific recommendation 
on their use for staging [1].

We conclude that routine use of combined EBUS-TBNA and EUS-FNA is not 
justified for improving accuracy of staging as long as all EBUS-TBNA accessi-
ble stations are being explored and sampled based on accepted criteria (>5 mm 
and relevant for staging). Routine preoperative sampling of PET-CT negative 
station 8 and 9 is not warranted to increase accuracy of initial pathologic staging. 
Selective use of combined ultrasound techniques may be applied in patients with 
a high suspicion of station 8 and 9 LN involvement based on pre-procedure imag-
ing or when station 4L or 7 LNs greater than 5 mm are seen on EBUS but not 
sampled for technical reasons. In the absence of upper mediastinal lymph node 
involvement (station 2, 4 and 7), EUS-FNA should be performed for diagnosis 
and staging when lymph nodes in station 8 and 9 are positive on PET or CT 
imaging.

 Conclusions and Recommendations

Based on the review of published evidence and consistent with existing guidelines, 
we found that EBUS-TBNA and mediastinoscopy have similar accuracy for initial 
pathologic staging of the mediastinum in lung cancer with likely higher accuracy of 
EBUS-TBNA for posterior station 7 and possibly for station 4L lymph nodes. We 
also conclude that EBUS-TBNA is a safer procedure compared to mediastinoscopy, 
which justifies the recommendation that EBUS-TBNA should be the first step for 
initial mediastinal staging for NSCLC. For patents with NSCLC with CT-PET nor-
mal mediastinum and clinical N1 (cN1) disease, a comprehensive EBUS-TBNA can 
detect occult N2/N3 disease. Given the minimally invasive nature of the procedure, 
a pre-operative EBUS is warranted in this patient population over a 
mediastinoscopy.

During EBUS staging procedures, sampling hilar and interlobar N1 nodes is fea-
sible and may be relevant for prognostication and possibly induction therapy. This 
is especially important for non-surgical patients who are being considered for ste-
reotactic body radiotherapy. On the other hand, routine aspiration of contralateral 
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hilar or interlobar nodes is not warranted during routine staging if they are CT-PET 
negative.

The routine use of combined EBUS-TBNA and EUS-FNA is not justified for 
improving accuracy of initial pathologic staging of the mediastinum as long as all 
EBUS-TBNA accessible lymph node stations are being explored and sampled. 
Routine sampling of CT-PET negative station 8 and 9 lymph nodes is not warranted 
and does not increase accuracy of staging given the low incidence of involvement of 
these stations in the absence of upper mediastinal LN involvement. Selective use of 
combined ultrasound techniques may be applied in patients with a high suspicion of 
station 8 and 9 involvement based on pre-procedure imaging or when station 4L or 
7 are visualized on EBUS but not able to be sampled for technical reasons. An algo-
rithm for the initial staging prior to curative intent treatment in patients with NSCLC 
is outlined in Fig. 6.1.

 A Personal View of the Data

EBUS provides access to most mediastinal, hilar, interlobar and selected intralobar 
lymph nodes because of the adjacent anatomical relationship between lymph nodes 
and the airways. This explains why in certain studies, EBUS-TBNA was more accu-
rate than mediastinoscopy for staging NSCLC. The accuracy of EBUS-TBNA is 
directly dependent on the thoroughness of the procedure. We believe that EBUS- 
TBNA procedure should be a complete mapping of the mediastinum with stations 
2L, 2R, 4L, 4R and 7 being explored in every patient and each lymph node in these 
stations should be sampled if it is greater than 5 mm in its shortest diameter. EBUS 
exploration of a lymph node station should be performed by investigating the entire 
region based upon borders as defined by the IASLC lymph node map. This is 
extremely relevant especially for lymph node stations that cover large areas such as 
station 4R and 7 where more than one lymph node can be found in the station. In 
patients who are questionable or known poor surgical candidates, sampling of the 
ipsilateral hilar and interlobar lymph nodes (stations 10 and 11) should be 

Recommendations
• We recommend EBUS-TBNA over mediastinoscopy for pre-operative 

mediastinal staging because of its higher accuracy and better safety profile 
(evidence quality high; strong recommendation).

• We recommend EBUS-TBNA over mediastinoscopy for patients with CT- 
PET normal mediastinum and tumors larger than 3 cm, central tumors or 
cN1 disease to detect occult N2/N3 disease (Evidence quality moderate, 
weak recommendation).

• We recommend sampling hilar and interlobar N1 nodes with EBUS as rel-
evant for induction therapy and for non-surgical patients who are being 
considered for stereotactic body radiotherapy (evidence quality low, weak 
recommendation).
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performed at the time of EBUS-TBNA as these patients will not undergo surgical 
pathologic staging but may be candidates for stereotactic body radiotherapy and N1 
nodal involvement needs to be ruled out.

A PET or CT positive mediastinal lymph node in which EBUS-TBNA identifies 
only normal lymphocytes (in the absence of granulomas or anthracotic histiocytes) 
requires surgical sampling. This is because the mere presence of lymphocytes is not 
a sufficient explanation for the positive PET or CT findings. This practice may 
change as more evidence is emerging that even these lymph nodes may end up being 
truly negative for malignancy as proven by surgical sampling. Future studies should 
be aimed at answering this question and define specific PET and CT characteristics 
for reactive and anthracotic lymphadenopathy.

Complications arising from EBUS-TBNA using the studied needles (21g and 
22g) are very low. The safety and diagnostic yield of newer smaller (25g) or larger 
(19g) needles or the use of EBUS transbronchial forceps biopsy remain to be 
studied.

A bronchoscopy report of the EBUS-TBNA procedure should include documen-
tation of exploration of the five mediastinal lymph node stations (2L, 2R, 4L, 4R 
and 7) and an explanation should be provided if any of these stations are not sam-
pled during staging (size < 5mm, technical difficulty, or a malignant lymph node 
which upstages the tumor has already been identified on rapid on site cytology 
evaluation).
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7Does Preoperative Smoking Cessation 
Reduce Surgical Morbidity After Lung 
Resection?

Michelle A. Wan and Lisa M. Brown

 Introduction

As surgical resection is a potentially curative therapy for early-stage non-small-cell 
lung cancer (NSCLC), optimizing modifiable patient risk factors before surgery is 
important to minimize morbidity. A significant proportion of patients continue to 
smoke after being diagnosed with lung cancer and about 20% of patients who smoke 
may continue up to the time of surgery [1, 2]. Lung cancer patients who quit smok-
ing have improved cancer prognosis and experience immediate functional benefits 
including decreased fatigue and shortness of breath [3]. Smoking cessation also 
benefits surgical outcomes, as tobacco use at time of surgery is a risk factor for 
pulmonary and overall complications [4, 5]. At the same time, delaying surgical 
resection for NSCLC is associated with upstaging and worse survival [6, 7]. These 
findings raise the question of whether there is value in delaying surgery for current 
smokers with resectable lung cancer to mitigate the negative effects of smoking on 
postoperative complications and improve patients’ fitness for surgery. In this chap-
ter we review the literature evaluating the effect of preoperative smoking cessation 
on surgical complications following lung resection for malignancy, focusing on the 
timing of smoking cessation relative to postoperative morbidity.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_7&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_7#ESM
mailto:mwan@ucdavis.edu
mailto:lmbrown@ucdavis.edu
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 Search Strategy

The PICO method was used to devise the search query (Table 7.1). The research 
question was, “In patients with lung cancer who smoke, does preoperative smoking 
cessation decrease morbidity after lung resection?” A search was conducted in the 
PubMed/MEDLINE database in August 2019 for English language studies pub-
lished in the period from 1990 through August 2019. Medical Subject Headings 
terms were used to construct the search term: (“Lung neoplasms” [MeSH] OR 
“Lung diseases” [MeSH] OR “Pneumonectomy” [MeSH]) AND (“Smoking 
Cessation” [Mesh] OR “Tobacco Use Cessation” [MeSH]) AND “Postoperative 
Complications” [MeSH]. This search returned 41 results. Abstracts were reviewed 
for relevance to the PICO question. Review articles and meta-analyses were 
excluded.

 Results

The search strategy returned 9 observational studies that addressed the PICO ques-
tion (Table  7.2). The authors agreed that, given the overall health benefits from 
smoking cessation, patients should be encouraged to stop smoking as early as pos-
sible. However, published data was inconclusive about the effect of the timing of 
cessation on postoperative morbidity or whether there was an ideal period of preop-
erative cessation that would reduce the morbidity risk associated with tobacco 
smoking. The studies all analyzed smoking cessation duration as an ordinal vari-
able, using intervals of preoperative smoking cessation duration to stratify patients 
into recent and distant smokers. Pulmonary and surgical complications were 
selected as outcome measures and differed among studies. Postoperative pulmonary 
complications of atelectasis and pneumonia were most commonly chosen. Most of 
the studies analyzed small cohorts from single institutions, which increases the risk 
of imprecision and limits generalizability of the observed effects. Prospective data 
was limited to two observational studies.

Three studies found evidence of a difference in postoperative morbidity between 
former smokers of different smoke-free periods before surgery. Nakagawa et  al. 
examined the relationship between smoking cessation duration and postoperative 
pulmonary complications (PPCs) in patients undergoing pulmonary surgical proce-
dures [8]. They performed a retrospective cohort study of 288 patients who under-
went tumor enucleation, wedge resection, lobectomy, or pneumonectomy at their 
institution. Fourteen events were defined as PPCs (Table 7.2). Recent smokers who 

Table 7.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcome)
Adults with 
cancer who 
smoke

Smoking cessation 
before surgery

Continued smoking at 
time of surgery

Morbidity after 
lung resection

M. A. Wan and L. M. Brown
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stopped smoking 2–4 weeks before surgery had a higher incidence of PPCs (53.8%) 
than patients who smoked within 2 weeks of surgery (43.2%). Data were also pre-
sented as 4-week moving averages of PPC incidence among former smokers who 
were grouped into intervals from 0 to 15 weeks smoke-free before surgery. Incidence 
was highest for patients who had 1–4 weeks smoking cessation. The incidence of 
PPCs began to decrease for patients with smoke-free periods of 5–8 weeks and 
longer. Multivariate logistic regression analysis indicated no statistically significant 
increased risk for developing a PPC in current and former smokers compared to 
never smokers. Despite these findings, Nakagawa et  al. concluded that patients 
should stop smoking for at least 4 weeks before surgery to reduce complication risk. 
Of the studies described in this review, only this publication by Nakagawa et al. 
made a recommendation for a smoke-free period before surgery.

Vaporciyan et al. and Fukui et al. also performed retrospective cohort studies at 
a single institution. Vaporciyan et al. reviewed data from 257 patients who under-
went pneumectomy for malignancy for factors associated with major pulmonary 
events (MPE), defined as pneumonia or acute respiratory distress syndrome [9]. In 
a multivariate analysis, those who quit smoking less than 1 month prior to surgery 
were at increased risk of MPE compared to those who quit greater than or equal to 
1 month prior, OR 2.70 (95% CI 1.18–6.17, p = 0.018). Fukui et al. reviewed records 
of 666 lung cancer patients who underwent pulmonary resection for factors associ-
ated with operative mortality and postoperative complications [10]. In the multivari-
ate analysis, those with a history of smoking had a greater risk of pulmonary 
complications than those who had never smoked, OR 2.83 (95% CI 1.20–6.67, 
p = 0.017). In a separate, unadjusted analysis of smoking cessation duration, there 
was a statistically significant decrease in the risk of pulmonary complications with 
increased duration of cessation. Neither of these studies identified an inflection 
point of smoking cessation past which the pulmonary complication risk signifi-
cantly decreased.

Six papers observed no effect of the timing of smoking cessation on postopera-
tive morbidity. Groth et  al. [11], Seok et  al. [12], and Rodriguez et  al. [13] per-
formed single institutional retrospective cohort studies. Following results from 
Nakagawa et al., Groth et al. and Seok et al. selected 1-month smoke-free before 
surgery as a cut-off point to differentiate between recent and distant smokers. Groth 
et al. reviewed records of 213 NSCLC patients who underwent pulmonary resec-
tion. Seok et al. analyzed data from 232 patients who had a smoking history and 
underwent resection for lung cancer. They further stratified their cohort into a group 
of fewer than 14 smoke-free days before surgery. Both studies found no significant 
differences between groups of smokers in the rate of postoperative complications.

Rodriguez et al. used a cut point of 16 weeks before surgery to stratify current 
and former smokers in their study of 378 patients who underwent lobectomy for 
malignancy. Current smokers were defined as patients who had smoked within 16 
weeks before surgery. Former smokers had refrained for at least 16 weeks before 
surgery. Although they described their study as a case-control, the authors separated 
the cohort by exposure (smoking status) rather than outcome (pulmonary complica-
tion), and thus performed a retrospective cohort study to evaluate the risk of 
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postoperative pulmonary complications associated with recent smoking. To mini-
mize confounding, they matched 134 pairs of current and former smokers by age, 
body mass index, FEV1%, FEV1/FVC, surgical approach (VATS or minimally 
invasive thoracotomies) and NSCLC versus other diagnosis. There was no differ-
ence in the risk of developing a pulmonary complication between the two groups.

A retrospective review of Society of Thoracic Surgeons (STS) General Thoracic 
Surgery Database, including 79 participating institutions, found no association 
between timing of cessation and postoperative complications. Mason et al. collected 
STS General Thoracic Surgery Database records for 7990 patients who underwent 
pulmonary resection for primary lung cancer to analyze risks of hospital mortality 
and pulmonary complications associated with smoking status [14]. Patients were 
stratified by timing of smoking cessation according to STS data collection fields 
(Table 7.2). Only current smokers had a statistically significant increased risk of 
pulmonary complications compared to never smokers (OR 1.8, 95% CI: 1.05–3.1, 
p  =  0.03). Odds ratios for patients who stopped between 14 days and 1 month 
before surgery (OR 1.6, 95% CI: 0.85–3.1, p = 0.14), 1–12 months before surgery 
(OR 1.5, 95% CI: 0.85–2.8, p = 0.2), and more than 12 months before surgery (OR 
1.3, 95% CI: 0.77–2.2, p = 0.3) gradually decreased with increasing duration of ces-
sation but did not approach statistical significance.

Two prospective observational studies found evidence that current smokers had 
higher complication rates than never smokers, but no difference in complication 
rates between groups of former smokers. Barrera et al. recruited 300 patients who 
underwent thoracotomy for resection of primary or secondary lung tumors at their 
institution [15]. The rate of pulmonary complications was significantly different 
between never smokers and all smokers (8% vs. 19%, p = 0.03), but there was no 
difference between groups of smokers stratified by smoking cessation duration. 
Lugg et al. recruited 462 patients who underwent NSCLC resection and analyzed 
frequency of PPCs according to smoking status [16]. Current smokers had a higher 
frequency of PPCs than never smokers (22% vs. 2%, p = 0.004). Among groups of 
former smokers, there was a trend of decreasing PPC frequency (ex-smoker <6 
weeks, 10.9% vs. ex-smoker ≥6 weeks, 11.8%), but there was no statistically sig-
nificant difference between the groups of former smokers, between former smokers 
and current smokers or between the former smokers and never smokers.

 Conclusions and Recommendations

Based on the data presented, there is no ideal period of preoperative smoking cessa-
tion that would reduce morbidity risk associated with tobacco use in patients under-
going lung resection for NSCLC. Nakagawa et al.’s early study found an unexpected 
increase in complications for patients who underwent resection after 2–4 weeks of 
smoking cessation compared to those who smoked within 2 weeks before surgery. 
This prompted several follow-up studies to investigate this effect. Vaporyican et al. 
found evidence that smoking within 1 month of surgery was a significant factor for 
the development of postoperative pulmonary events, but other studies that evaluated 
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the 1-month cutoff point, such as those by Groth et al., Seok et al., and Mason et al. 
did not find an association between smoking within 1 month of surgery and increased 
morbidity. Studies by Mason et al., Barrera et al., and Lugg et al. provided evidence 
that an increased duration of smoking cessation before surgery was associated with 
decreased risk of complications, but there was insufficient evidence for a clear time 
point past which the risk was significantly reduced.

Delaying surgery for current smokers to extend preoperative smoking cessation 
is unnecessary. A prolonged interval between diagnosis of early-stage NSCLC and 
definitive surgical resection is associated with upstaging and decreased survival [6, 
7]. In the absence of adequate evidence that postponing surgery to prolong the 
period of smoking cessation significantly decreases postoperative morbidity, surgi-
cal resection should proceed without delay.

 A Personal View of the Data

The quality of evidence available to answer the PICO question of whether preopera-
tive smoking cessation decreases morbidity after lung resection is limited by the 
small cohorts and retrospective nature of the studies. Prospective data is limited to 
two observational studies with cohort sizes of fewer than 500 patients. Given the 
impractically of conducting a randomized controlled trial with smoking cessation as 
the intervention, future clinical studies may not be able to thoroughly eliminate bias.

Several sources of bias were found in the literature. All studies captured smoking 
cessation duration as an ordinal variable. The intervals of smoking cessation dura-
tion among groups were often inconsistent. Some groups were defined by broad 
intervals that may have grouped together patients with different degrees of risk. A 
group defined as patients who quit smoking 1–12 months before surgery, as in 
Mason et al.’s study for example, captures a wide range of possible morbidity risk. 
Also missing from the majority of these studies is a way to account for a patient who 
significantly decreased smoking before surgery. For example, a patient who smokes 
one pack of cigarettes per day but decreases to a few cigarettes per day is classified 
as a current smoker according to definitions used in the literature. This patient may 
be at a lower risk of pulmonary complications than those who continue to smoke 
one pack per day up to the time of surgery but the approach to patient stratification 
currently found in the literature would not capture this decreased risk. A third source 

Recommendations
• Smoking cessation should be encouraged, but there is no ideal period of 

preoperative smoking cessation to reduce the risk of surgical morbidity 
associated with smoking (evidence quality low; weak recommendation).

• Delaying surgery for active smokers to extend preoperative smoking ces-
sation is unnecessary (evidence quality low; weak recommendation).
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of bias in the literature is the patient-reported smoking cessation time, which risks 
errors in patient recall. Quantifying nicotine exposure with a biomarker such as 
serum or urinary cotinine may allow more accurate assessment of smoking expo-
sure. Patients may underreport the time since they last smoked when presenting for 
preoperative evaluation and on the day of surgery [17]. Future investigators should 
take these considerations into account when designing studies.

At this time no society guidelines recommend a specific period of smoking ces-
sation before cancer resection. Recent editions of the National Comprehensive 
Cancer Network Clinical Practice Guidelines in Oncology and the American 
College of Chest Physicians Lung Cancer Guidelines review much of the data ref-
erenced in this chapter and conclude that, while smoking cessation should be 
encouraged as early as possible, it should not delay the appropriate timing of lung 
cancer resection [18, 19].

Practices among individual cardiothoracic surgeons for the preoperative man-
agement of patients who smoke vary considerably. Marrufo et  al. surveyed 200 
cardiothoracic surgeons who contribute to the STS General Thoracic Surgery 
Database to determine beliefs and practices regarding smoking cessation before 
lung resection [20]. Approximately half of the surgeons indicated that it is ethical to 
mandate smoking cessation prior to lung resection. However, 60% do not require 
cessation. The risk of disease progression was an important consideration when 
mandating smoking cessation prior to surgery. Of those who require smoking cessa-
tion, the duration of cessation most commonly required was at least 2 weeks. In our 
practice we strongly encourage every patient to stop or at least significantly reduce 
smoking before lung resection, but do not require cessation.
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8Is Low Tech as Good as High Tech 
Exercise Testing in Assessing Healthy 
Candidates for Lung Resection?

Michael Gooseman and Alessandro Brunelli

 Introduction

For early stage non small cell lung cancer (NSCLC), surgery is widely recognised 
as the best treatment modality. However, even for the ‘healthy patient’ proceeding 
with surgery, a resection can cause variable functional impairment with associated 
morbidity and mortality. Exercise testing has a role in assessing the entire oxygen 
transport system with a view to detection of deficits that may present as postopera-
tive complications. The aim of this chapter is to review the most relevant evidence 
relating to options for exercise testing which is now recognised as a critical compo-
nent of the pre-operative functional assessment in patients undergoing lung 
resection.

 Search Strategy

A literature search of English language publications from 1984 to 2019 was used to 
identify published data on exercise testing and its role in functional assessment and 
risk stratification in lung resection. The date range was extended deliberately to 
capture earlier studies relating to low tech assessment. Databases searched included 
PubMed, Embase and Cochrane Evidence Based Medicine. Terms used in the 
search included “low tech exercise testing lung resection,” “high tech exercise test-
ing lung resection,” “cardiopulmonary exercise test,” “shuttle walk test,” “6  min 
walk test” and “stair climbing test” (Table 8.1). Additionally, searches were made 
using “functional assessment lung resection,” “preoperative assessment lung 
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resection”. Articles that were related to surgery other than lung cancer resection 
were deliberately excluded. The data was classified using the GRADE system.

 Results

The outcome of these searches demonstrates a significant body of literature spe-
cifically related to the pre-operative assessment and evaluation, including exer-
cise assessment, of patients being considered for lung cancer resection surgery. 
In 2009 and 2010 evidence-based clinical guidelines focusing on functional 
evaluation of lung resection candidates were published by the European 
Respiratory Society/ European Society of Thoracic Surgeons (ERS/ESTS) and 
the British Thoracic Society/ Society for Cardiothoracic Surgeons (BTS/ SCTS) 
respectively [1, 2]. In 2013, Brunelli and colleagues produced clinical practice 
guidelines on behalf of the American College of Chest Physicians (ACCP) [3]. 
This work included a rigorous review of the available literature at the time with 
the production of an algorithm for the preoperative physiological assessment of 
this group of patients.

The result of these guidelines has been the general consensus that the formal 
cardiopulmonary exercise test (CPET) is the gold standard for functional assess-
ment and risk stratification in patients proceeding to lung resection. However, CPET 
is not always an easily accessible test—an ERS/ ESTS web based survey from 2009 
showed that the technology was available in 75% of hospitals. This survey also 
showed that only 10–30% of patients have a CPET prior to lung resection [4]. 
Brunelli and colleagues in a 2010 review suggested that the discrepancy between 
accessibility and utilisation may be related to the uncertainty around indications for 
CPET and its role in assessing the apparently healthy patient pre-operatively [5]. 
The ERS/ESTS survey showed that 18% of respondents used low tech exercise test-
ing routinely for all patients [4].

Analysis of the available literature is made for the 6 min walk test, stair climbing 
test, shuttle test and the cardiopulmonary exercise test.

Table 8.1 PICO formatted terms for literature search

Population Intervention Comparison Outcomes
Candidates for lung 
resection

Shuttle walk test
6 min walking 
test
Stair climbing 
test

Cardiopulmonary exercise 
test

Morbidity
Mortality
Complications

Bagg LR The 12-min walking distance; its use in the pre-operative assessment of patients with 
bronchial carcinoma before lung resection. Respiration 1984; 46: 342-34
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 6 Min Walk Test (6MWT)

The walking test was first developed in the 1960s and should be performed as 
described in the American Thoracic Society guidelines [6]. This test was evaluated 
in thoracic surgery as long ago as the 1980s. Bagg, with a small series of 22 patients, 
was not able to demonstrate any difference between complicated and non- 
complicated patients in walking a distance over 12 min [7]. Similarly, in the same 
decade, Markos and colleagues with a series of 55 patients found that the distance 
walked over 12 min was not predictive of postoperative morbidity and mortality [8].

Pierce and colleagues showed that a 6 min walk test distance could predict post-
operative respiratory failure but not other morbidity or mortality [9]. Conversely, 
Marjanski and colleagues were able to show that patients walking less than 500 m 
during this test had an increased risk of postoperative morbidity and increased 
length of hospital stay [10]. Current clinical guidance, reflecting this conflicting 
scientific evidence, recommends that the 6  min walk test should not be used in 
selecting patients for operation [1].

 Shuttle Walk Test (SWT)

The incremental shuttle walk test was first designed with the aim of assessing the 
exercise capacity of patients suffering with chronic obstructive pulmonary disease 
(COPD). In 1994, Singh and colleagues found the SWT produced results that cor-
related more closely with the VO2max than the 6MWT [11]. Regression analysis 
estimated that 25 shuttles indicated a VO2max of 10 ml/kg/min [12]—a figure below 
which patients should not be considered for surgical resection. Indeed, ACCP guide-
lines recommend patients with a VO2max below 10 ml/kg/min are counselled about 
sub-lobar resections or non-operative treatment options for their lung cancer [3].

Winn and colleagues did not find any statistically significant difference in the 
distance walked on the shuttle test between patients who did and did not develop 
post-operative complications following lung resection [13]. They showed that those 
patients who walked more than 400 m during a SWT had a VO2max measured at a 
later CPET of greater than 15  ml/kg/min. Of those patients who failed to walk 
400 m, less than half had a VO2max below 15 ml/kg/min [14]. These findings led to 
the conclusion that SWT may underestimate exercise capacity.

Benzo and colleagues found a high correlation between each shuttle on the SWT 
and VO2 consumption [15]. 25 shuttles had positive predictive value for predicting 
a VO2peak >15 mlkg/min of 90%. Fennelly and colleagues, in 2017, showed that 
patients walking further than 400 m experienced a very low incidence of complica-
tions [16]. Current guidelines suggest that patients who can complete 400 m on the 
SWT are fit to undergo surgical resection [3].

8 Is Low Tech as Good as High Tech Exercise Testing in Assessing Healthy…
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 Stair Climbing Test

The stair climbing test is now frequently used as a screening test as part of patient 
selection after first being studied several decades ago. One of the issues remains a 
lack of standardization in how the test is performed. Factors such as number of steps 
per flight, height of each individual step, and speed of ascent mean that results need 
to be interpreted with this in mind. For the ‘healthy patient’ proceeding with sur-
gery, the ability of an exercise test to predict postoperative complications is impor-
tant. Olsen and colleagues were the first group to raise the possibility of this test 
being formally adopted in the preoperative assessment. In a small study of 54 
patients undergoing thoracotomy they showed that patients who could not climb 
three flights of stairs had greater rate of complications and longer hospital stay [17]. 
Information from this study has to be interpreted with caution given the small sam-
ple size and inconsistency of the surgical procedures undertaken. Many of the other 
studies looking at stair climbing as an exercise tool have examined patients known 
to have co-morbidity including significant history of cardiac disease and COPD.

Brunelli and colleagues, in a series of 109 patients, measured oxygen consump-
tion during stair climbing using a portable gas analyser. Ninety-eight percent of 
patients climbing more than 22 m had a positive predictive value of 86% to predict 
a VO2peak of 15 ml/kg/min [18]. Current clinical guidance suggests that patients 
able to ascend greater than 22 m can proceed to surgery without the need for further 
assessment with CPET [3].

 Cardiopulmonary Exercise Test

While the scientific evidence for the low-tech exercise testing began to build during 
the 1980s, the first work regarding the CPET was published in the nineties. Bollinger 
and colleagues, with a series of 80 patients submitted to lung resection, showed that 
VO2max less than 60% had a higher risk of postoperative adverse events [19]. This 
data was confirmed by prospective trial that was conducted during the nineties [20].

The more recent evidence has demonstrated that the absolute value of the maxi-
mal oxygen consumption measured in ml/kg/min (VO2max) is the optimal ergomet-
ric measurement in quantifying risk in patients undergoing major anatomical lung 
resection. The important studies are summarised in Table 8.2.

The VO2max obtained during CPET is now considered in international published 
guidelines, supported by the scientific evidence, as the most important and reliable 
parameter in assessing operative risk in patients going ahead with lung cancer resec-
tion. When the VO2max is less than 10 ml/kg/min the risk for major lung resection 
is high and the patient should be considered for minor surgical resection or alterna-
tive nonsurgical therapy [3].

M. Gooseman and A. Brunelli
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 Conclusions and Recommendations

Available scientific evidence suggests that the SWT and stair climbing low technol-
ogy exercise tests are reliable tools in detecting major cardiopulmonary deficits in 
the otherwise healthy candidate for surgery. However, they are limited in being able 
to accurately identify deficits in the oxygen transport system. It is therefore unlikely 
that high technology cardiopulmonary exercise tests that can directly and accurately 
measure expired gases will be fully replaced. CPET is the gold standard in precisely 
detecting and then quantifying aerobic reserve deficits.

Table 8.2 Demonstration of VO2max as a predictor of operative outcome

Author (year) N Surgery type

Study type 
(quality of 
evidence) Outcome

Evidence 
quality

Loewen 
et al. (2007) 
[21]

346 Thoracotomy ± lung 
resection

Prospective 
observational 
study

VO2max < 15 ml/
kg/min—increased 
risk of 
complications

Moderate

Bayram 
et al. (2007) 
[22]

55 Major lung resection Prospective 
observational 
study

VO2max < 15 ml/
kg/min—increased 
risk of 
complications

Low

Brunelli 
et al. (2009) 
[23]

204 Major lung resection Retrospective 
observational 
study

VO2max < 12 ml/
kg/min—increased 
risk of 
complications

Moderate

Licker et al. 
(2011) [24]

210 Lung resection Retrospective 
observational 
study

VO2max < 10 ml/
kg/min—increased 
risk of 
complications

Moderate

Recommendations
• Low tech testing should be used as a first line screening test in apparently 

healthy candidates for lung resection (evidence quality moderate; strong 
recommendation).

• Any patient who fails to meet exercise thresholds of a low tech test should 
be referred for a formal CPET (evidence quality moderate; strong 
recommendation).

8 Is Low Tech as Good as High Tech Exercise Testing in Assessing Healthy…
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 A Personal View of the Data

Pre-operative functional assessment prior to proceeding with lung resection is 
important. Even the apparently healthy patient can have significant underlying 
cardio- respiratory impairment putting them at high peri-operative risk. Identifying 
the highest risk patients allows for an open and informed discussion with the patient 
and ongoing care to be tailored to their needs. In every day practice the use of both 
low tech and high-tech exercise testing is important and can be used to complement 
each other. They are substantially different types of exercise: for instance, CPET is 
an incremental maximal test, while stair climb test is a constant work rate test. The 
muscles used to perform these tests may also vary, as stair climb for instance utilizes 
larger muscle mass including the back and gluteus. Therefore, the performance at 
each of these tests may be difficult to compare, taking into account that exercise 
performance is very exercise specific. In general, however, it is the opinion of the 
authors that low technology tests should not be used alone to exclude a patient from 
surgery without a formal CPET evaluation in case of poor performance. Nevertheless, 
they can obviate the use of more sophisticated tests in case of optimal results (i.e. 
>400 m at shuttle walk test or >22 m at stair climb test).
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9Does Assessment of Frailty 
and Sarcopenia in Lung Resection 
Candidates Affect Patient Selection?

Megan Huisingh-Scheetz and Michelle Martinchek

 Introduction

Frailty and sarcopenia have been important concepts in aging research for decades 
to aid in identifying vulnerability to morbidity and mortality among older adults 
[1–6]. Approximately one in six community-dwelling older adults are estimated to 
be frail [7], and higher rates are projected among lung resection candidates [8]. As 
increasingly older patients are being considered for surgery, frailty and sarcopenia 
have been studied in surgical patient populations to help with risk stratification [9, 
10]. Frailty identifies a syndrome indicating global physiologic vulnerability while 
sarcopenia refers specifically to low muscle volume and function. Sarcopenia can 
be, and often is, a component of frailty but it is not required.

Frailty. At least four consensus panels have assembled to operationalize a mod-
ern frailty definition and measurement approach [11–14]. One such panel, convened 
in 2012, successfully defined frailty as “a medical syndrome with multiple causes 
and contributors that is characterized by diminished strength, endurance, and 
reduced physiologic function that increases an individual’s vulnerability for devel-
oping increased dependency and/or death,” particularly in the face of a stressor [13]. 
However, there remains disagreement about how to best measure frailty. As such, a 
number of tools exist in the literature [15, 16]. Most tools stem from two theoretical 
constructs: the biologic physical frailty phenotype [1] and the accumulation of defi-
cits theories [17]. The physical frailty phenotype, based on a proposed biologic 
pathway, is composed of five criteria: weak grip strength, slow gait speed, low phys-
ical activity, unintentional weight loss, and exhaustion or fatigability. Patients 
exhibiting 1–2 criteria are deemed pre-frail and ≥3 criteria are deemed frail. 
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The  accumulated deficits index combines a group of unique ‘deficits’, generally 
30–70 items, from multiple domains (symptoms, physical exam signs, abnormal lab 
values, diseases, and disabilities) summed and divided by the total deficits assess-
ment creating a score ranging from zero to one.

Sarcopenia. A number of consensus panels and task forces have defined and 
revised the definition of sarcopenia over the last several decades [18–27]. Groups 
agree that sarcopenia should be identified using a combination of low muscle mass 
and low muscle function (strength or performance). Low muscle mass can be identi-
fied using bioimpedance analysis, dual energy X-ray absorptiometry, total or partial 
body potassium per fat-free soft tissue, ultrasound, CT or MRI. Creatinine dilution 
is a much newer method [28]. Suggested cut points for low muscle mass vary sig-
nificantly among expert groups, highlighting both a gap in literature as well as the 
relevance of ethnic-specific cut-points [19, 21, 25]. Muscle dysfunction can be iden-
tified using measures such as grip strength, knee flexion/extension, usual gait speed, 
chair stands, Timed Up and Go, 400-m walk, peak expiratory flow, the Short 
Physical Performance Battery, or stair climb power test. Some have advocated the 
use of sarcopenia screeners to case find [24].

Frailty and sarcopenia have shown predictive value in numerous surgical and 
procedural patient groups [9, 29–37]. Such efforts resulted in the 2012 American 
College of Surgeons National Surgical Quality Improvement Program and the 
American Geriatrics Society “best practices” guideline for the pre-operative care of 
the older adult which included a recommendation to assess frailty in all pre- operative 
older surgical candidates [38]. Despite the growing frailty and sarcopenia surgery 
literature base, few studies have explored frailty and sarcopenia in lung resection.

 Search Strategy

A literature search of primary, human subject research articles published between 
1999 and 2019 in the English language was conducted in September 2019 to iden-
tify studies reporting the relationship between pre-operative frailty or sarcopenia 
and post-operative lung resection outcomes (Table  9.1). Databases searched 
included Pubmed, MEDLINE (EBSCO), Cochrane Library, and CINAHL Plus with 
Full Text [Search Term: (lobectomy OR lobectomies OR pneumonectomy OR 
“pneumonectomy” [Mesh] OR pneumonectomies OR “lung resection” OR “lung 
surgery” OR “pulmonary surgical procedures” [Mesh]) AND (“Frail Elderly” 
[Mesh] OR “Frailty” [Mesh] OR frailty OR sarcopenia OR “sarcopenia” [Mesh])]; 

Table 9.1 PICO formatted terms for literature search

Patient/population Intervention(s) Comparison Outcome
Patients, including 
adults ≥65 years, 
undergoing major/ 
lung resection

Pre-operative 
frailty or 
sarcopenia 
evaluation

Standard of care 
preoperative 
evaluation

Prediction of major surgical 
morbidity or mortality, length 
of stay, discharge location, 
postoperative quality of life, or 
cancer recurrence
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Web of Science, Science Direct and Scopus [Search Term: (lobectomy OR lobecto-
mies OR pneumonectomy OR pneumonectomies OR “lung resection” OR “lung 
surgery” OR “pulmonary surgical procedures”) AND (“Frail Elderly” OR Frailty 
OR frailty OR sarcopenia)]; and MEDLINE (Ovid) [Search Term: (lobectomy OR 
lobectomies OR pneumonectomy OR pneumonectomies OR lung resection OR 
lung surgery OR pulmonary surgical procedures) AND (Frail Elderly OR Frailty 
OR frailty OR sarcopenia)].

To be eligible for inclusion, studies had to analyze or sub-analyze thoracic sur-
gery candidates undergoing lung resection only (e.g., esophageal, lung transplant 
studies excluded). Studies including only medically managed (e.g., chemotherapy 
or radiation) lung cancer patients were excluded. Study samples had to include 
older adults (≥65 years) but not exclusively. Studies were only eligible if they 
included a pre-operative measure of frailty or sarcopenia that aligned with the mod-
ern definitions. Studies solely using age, body mass index, inflammatory markers, 
or disability of (instrumental) activities of daily living as the frailty or sarcopenia 
measure were excluded. One exception was the sole use of measured gait (e.g., 
6-min walk test alone) which was allowed due to the recognition of gait speed as a 
single measure of frailty [39]. While experts recommend sarcopenia be captured 
with both muscle quantity and muscle quality, we allowed studies using only mus-
cle quantity due to the lack of studies including both, noting this as a major gap in 
the literature. We excluded findings reported only in abstracts, conference papers, or 
unpublished data.

 Results

A total of 121 unique article matches were identified using the pre-specified data-
base search terms. Two independent reviewers identified 13 primary research arti-
cles that met inclusion criteria. An additional 36 relevant reviews, editorials, 
comments, or letters were also identified. Reference list review yielded an addi-
tional four primary research articles meeting inclusion criteria and an additional five 
related review articles. Reference list review yielded two additional unique eligible 
primary research articles for inclusion. Altogether 19 studies met criteria for inclu-
sion: four addressing frailty and 15 addressing sarcopenia. Only results from lung 
resection-specific analyses or sub-analyses are reported. Multivariate analyses were 
preferentially reported when available. If multivariate analyses were not available, 
other analyses were reported.

 Frailty and Lung Resection Outcomes (Table 9.2)

Pre-operative frailty assessment in lung resection was the focus of four retrospective 
articles. Three studies analyzed data from the American College of Surgeons 
National Surgical Quality Improvement Program (ACS-NSQIP) dataset [40–42]. 
The remaining study analyzed data from three different hospitals [43].
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The most commonly studied frailty tool was an adapted accumulated deficits 
frailty index (the 11-item NSQIP (Modified) Frailty Index (FI)) [40–42]. The 
remaining study used the 6-min walk test [43]. No studies included the physical 
frailty phenotype or related measures.

Outcomes included post-operative mortality [40–42], Clavien 4 complications 
[41], 30-day morbidity [42], post-operative SF-36 and Ferrans and Powers’ quality- 
of- life index scores [43]. Two studies included only lung resection candidates 
undergoing lobectomy, pneumonectomy, or less-than lobectomy procedures [41, 
43]. Two studies included all surgery types but conducted sub-analyses in “pulmo-
nary resection” [40] and “general thoracic surgery” candidates [42].

Only one of the four studies included multivariate analyses in the target popula-
tion. In an unadjusted analysis, Mosquera et al. found increasing frailty predicted 
increasing 30-day mortality risk among thoracic surgery candidates in the 2005–2012 
NSQIP dataset (30-day mortality risk: non-frail 0.8%, mildly frail ~2%, moderately 
frail ~3%, severely frail 6.4%; p-value not available) [40]. After adjusting for age, 
American Society of Anesthesiologists (ASA) score, wound class, emergency oper-
ation, and functional status, Tsiouris et al. found the presence of frailty significantly 
predicted post-operative mortality among lobectomy patients though the 95% con-
fidence intervals were wide (Modified FI > 0.27: OR 9.3, 95% CI 9.1–27, p = 0.002) 
[41]. In a similar model adjusting for age, ASA score, wound class, emergency 
operation, functional status, gender, and race, presence of frailty also significantly 
predicted post-operative Clavien 4 complications although the 95% confidence 
intervals were again wide (Modified FI > 0.27: OR 4.7, 95% CI 1.3–230, p = 0.027) 
[41]. In unadjusted analyses in 2005–2009 NSQIP surgery patients, Velanovich 
et al. found increasing frailty was significantly associated with worse 30-day mor-
tality (1 frailty index unit increase: OR 1.8, 95% CI 1.18–2.73, trend p = 0.006 for 
low complexity surgery; OR 1.84, 95% CI 1.57–2.14, trend p < 0.001 for moderate 
complexity surgery; OR 1.57, 95% CI 1.28–1.93, trend p > 0.001 for high complex-
ity surgery) and 30-day morbidity (1 frailty index unit increase: OR 1.24, 95% CI 
1.06–1.45, trend p = 0.006 for low complexity surgery; OR 1.53, 95% CI 1.38–1.69, 
trend p < 0.001 for moderate complexity surgery; OR 1.25, 95% CI 1.15–1.37, trend 
p  <  0.001 for high complexity surgery) regardless of surgical complexity [42]. 
Finally, Handy et al. reported that poor pre-operative performance on a 6-min walk 
test (<1000  ft.) did not predict post-operative function (Short Form-36 Health 
Survey) or quality of life (Ferrans and Powers’ quality-of-life index) trajectories but 
did not show results in the manuscript [43].

 Sarcopenia and Lung Resection Outcomes (Table 9.3)

Sarcopenia assessment in lung resection surgery was the focus of 15 retrospective, 
single center articles analyzing data from 1 to 12 years. Follow-up ranged from 23.6 
to 61 months among the ten studies reporting this. Fourteen studies included patients 
with primary lung cancer, and 11 studies exclusively included patients with non- 
small cell lung cancer (NSCLC) of various stages. The remaining study included 

9 Does Assessment of Frailty and Sarcopenia in Lung Resection Candidates...
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lung resection patients of all types but 94.6% had lung cancers [44]. The types of 
included lung resection procedures included varied widely among the studies (e.g., 
lobectomy, bilobectomy, segmentectomy, pneumonectomy, and sleeve resection).

All 15 articles measured sarcopenia using cross-sectional muscle area on com-
puted tomography (CT) scan, but at various spinal levels. All studies provided dif-
ferent sarcopenia cut points for men and women, and most studies adjusted muscle 
area for height. Notably, no study included measures of dynapenia.

Eleven studies reported multivariate analysis relating pre-operative sarcopenia to 
post-operative survival (disease free or overall) or mortality, 7 of which found sar-
copenia significantly increased risk of mortality or reduced survival. In a multivari-
ate analysis adjusting for clinical, demographic, and health characteristics, 
Kawaguchi et  al. found sarcopenia predicted worse post-operative survival (L3 
psoas muscle index <3.70 cm2/m2 in men or <2.50 cm2/m2 in women: OR 0.263, 
95% CI 0.138–0.499, p < 0.001) [45]. Troschel et al. found increasing muscle mass 
reduced risk of death after adjusting for clinical, demographic, and health character-
istics (Continuous T8 cross-sectional muscle area: HR 0.80, 95% CI 0.67–0.98, 
p = 0.02) [46]. Nakamura et al. found sarcopenia predicted increased risk of death 
after adjusting for age, gender, CEA, and tumor stage (Low psoas muscle index: HR 
1.943, 95% CR 1.113–3.390, p = 0.019) [47]. An interesting study by Takamori 
et al. evaluated the effect of a post-/pre-operative ratio (PPR) in muscle mass at T12 
on survival. In a multivariate model adjusting for age, BMI, vascular invasion, and 
histologic type, they found that a PPR <0.9 predicted increased risk of death (PPR 
<0.9: HR 3.82, 95% CI 1.44–10.55, p = 0.0072) and disease recurrence (PPR <0.9: 
HR 2.88, 95% CI 1.29–6.43, p  =  0.010) [48]. Tsukioka et  al. found sarcopenia 
increased risk of death after adjusting for performance status and cytokeratin 19 
fragment (Calculated L3 muscle index <52.4 cm2/m2 in males and <38.5 cm2/m2 in 
females: HR 3.1, 95% CI 1.58–6.06, p = 0.001) [49]. Shoji et al. found sarcopenia 
increased risk of death after adjusting for demographic and clinical characteristics 
(L3 muscle area <43.75 cm2/m2 in men and <41.10 cm2/m2 in women: HR 5.138, 
95% CI 2.305–11.676, p < 0.0001) [50]. Finally, Tsukioka et al. found sarcopenia 
increased risk of death after adjusting for age, BMI, and clinical characteristics 
(Calculated L3 muscle index <49 cm2/m2: HR 3.3, 95% CI 1.31–7.56, p = 0.012) [51].

The remaining four multivariate mortality studies had mixed results, finding sar-
copenia predictive of mortality in certain models but not others. A study by Sun 
et al. found that pre-operative sarcopenia increased risk of overall death (Lowest 
quartile of truncal mass index: HR 1.84, 95% CI 1.12–3.05, p = 0.017) but did not 
predict recurrence-free survival (Lowest quartile of truncal mass index HR: 1.42, 
95% CI 0.80–2.520, p = 0.23) [52]. A study by Suzuki et al. also found that pre-
operative sarcopenia decreased overall survival (<43.75  cm2/m2 for men or 
<41.10 cm2/m2 for women: HR 7.09, 95% CI 2.30–23.20, p = 0.0008), but stratifica-
tion by gender revealed sarcopenia only predicted poor survival in men [53]. After 
adjusting for various pre-operative measures, Miller et al. found increasing erector 
spinae muscle area reduced odds of 30-day mortality (For each 1 cm2/m2 increase: 
OR 0.77, 95% CI 0.60–0.98) while pectoralis muscle area did not (For each 1 cm2/
m2 increase: OR 1.11, 95% CI 0.96–1.28) [44]. Finally, Hervochen et al. noted that 
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pre-operative sarcopenia significantly increased risk of death after adjusting for his-
tologic type and pathologic stage (<33rd percentile for total psoas muscle area: RR 
1.57, 95% CI 1.01–2.45, p = 0.045) but not after further adjusting for BMI and 
C-reactive protein (CRP) [54].

Three studies reported multivariate analyses relating sarcopenia to other out-
comes of interest. After adjusting for sex, age, BMI, FEV1% predicted, and surgical 
approach, Fintelmann et al. found that having greater muscle mass lowered odds of 
composite post-operative complications (≥gender-specific median T5 muscle area: 
OR 0.86, 95% CI 0.75–0.995, p = 0.04); postoperative respiratory complications 
(≥gender-specific median T5 muscle area: OR 0.8, 95% CI 0.65–0.98, p = 0.04); 
postoperative intensive care unit (ICU) admission (≥gender-specific median T5 
muscle area: OR 0.73, 95% CI 0.56–0.95, p = 0.02); decreased hospital length of 
stay (LOS) (≥gender-specific median T5 muscle area: OR 0.87, 95% CI 0.78–0.98, 
p = 0.02); and decreased 30-day hospital readmission (≥gender-specific median T5 
muscle area: OR 0.58, 95% CI 0.37–0.91, p = 0.02) [55]. After adjusting for pre- 
operative demographic, clinical and health characteristics, Miller et  al. found no 
association between muscle area (height-adjusted erector spinae or pectoralis mus-
cle area) with any post-operative complication, pneumonia, readmission, or ICU 
stay [44]. However, in this same study, increasing height-adjusted erector spinae 
muscle area was associated with reduced LOS (For each 1 cm2/m2 unit increase: β 
−0.024, SE 0.010, p = 0.019), while pectoralis muscle area was not [44]. In a model 
adjusting for CEA, tumor size, and post-operative chemotherapy exposure, Tsukioka 
et al. found that high muscle mass reduced risk of early recurrence (≥52.4 calcu-
lated L3 muscle index m2/cm2: HR 0.1, 95% CI 0.01–0.5, p = 0.004) [56].

Two studies found no association between sarcopenia and overall postoperative 
complications or disease free survival in unadjusted analyses [57, 58].

 Conclusions and Recommendations

We found a narrow body of work (15 studies) studying sarcopenia measures and 
frailty in lung resection. These studies are limited by their retrospective nature, 
small sample sizes, varying inclusion / exclusion criteria, varying frailty and sarco-
penia measurement approaches, and underuse of multivariate analyses adjusting for 
important pre-operative measures. With these limitations in mind, there is weak 
evidence from low quality studies that increasing frailty as measured by accumu-
lated deficit-like models is associated with increased post-operative mortality and 
possibly increased risk of post-operative complications in lung resection. There is 
also weak evidence from low quality studies that those with pre-operative sarcope-
nia as measured by cross-sectional muscle area on CT are at increased risk of post- 
operative death. A few studies have inconsistently found a relationship between 
pre-operative sarcopenia and post- or peri-operative complications and length of 
stay. Based on these early lung resection studies, we make a weak recommendation 
for screening for frailty and sarcopenia in the preoperative assessment to improve 
risk stratification among surgical candidates. Gaps in frailty and sarcopenia research 
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in lung resection would benefit from continued collaborations between surgeons, 
geriatricians, and aging researchers to advance our understanding of multisystem 
physiologic vulnerability and stress recovery potential.

 A Personal View of the Data

Frailty and sarcopenia are incredibly important aspects of the older adult assess-
ment with great relevance to surgeons. Recent scientific advances in frailty and 
sarcopenia have led to numerous expert consensus panels to refine definitions and 
measurement guides, though continued deliberations are on-going and should be 
followed closely in the literature. The bulk of surgical research to date suggesting 
the value of frailty and sarcopenia to surgical preoperative risk assessment has been 
outside of lung resection candidates, leaving room for incredible scientific growth 
in this patient population. However, the large and expanding body of studies dem-
onstrating the added value of these measures to risk stratification in other surgical 
groups motivated the establishment of clinical service programs to offer frailty and 
sarcopenia (currently muscle function only) routinely to referring providers at our 
institution. The referral pathways for these assessments have only been standard-
ized in one surgical group at our institution to date (kidney transplant) with hope of 
offering these evaluations more broadly in the future. These assessments play a 
significant role in surgical risk assessment at our institution for these patients [59].

Frailty and sarcopenia research would benefit from continued collaborations 
between surgeons, geriatricians and aging researchers to continue to advance our 
understanding of multisystem physiologic vulnerability and stress recovery poten-
tial. Further work exploring alternative and novel frailty measures in prospective 
lung resection studies; prospective studies including both muscle quantity AND 
quality sarcopenia measures; studies designed to help understand and possibly dif-
ferentiate the interplay between frailty, disability, comorbidity, cognitive function, 
sarcopenia versus cachexia versus weight loss, exhaustion / fatigability; studies 
exploring feasibility including the added value of screening tools to case find; stud-
ies exploring the role of pre-operative chemotherapy and radiation therapy on frailty 
and sarcopenia-related surgical risk; studies exploring racial/ethnic and gender dif-
ferences in measurement; studies exploring interventions that can reduce pre- 
operative and post-operative frailty and sarcopenia; and studies exploring important 
older adult outcomes including discharge location and functional recovery are 
greatly needed.

Recommendations
• Preoperative frailty should be assessed in adults being considered for lung 

resection (quality of evidence low; weak recommendation).
• Preoperative sarcopenia should be assessed in adults being considered for 

lung resection (quality of evidence low; weak recommendation).
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10Can Frailty and Sarcopenia Be Mitigated 
in Lung Resection Candidates?

Mark K. Ferguson

 Introduction

Frailty is defined as an increased vulnerability to physiologic stressors and is 
increasingly common with advancing age. It is estimated that about 45% percent of 
individuals over the age of 65 can be classified as pre-frail. In addition, true frailty 
increases with age in this population, with an incidence of 10% in those 65–69 years 
of age climbing to more than 35% in individuals 85–90 years of age [1]. In the gen-
eral population frailty is associated with an increase in the incidence of falls, dis-
ability, and mortality. In surgical populations frailty is associated with an increased 
risk of postoperative complications, prolonged hospital length of stay, an increased 
frequency of discharge to other than home, increased costs of care, and decreased 
long-term survival. In a thoracic surgery outpatient clinic nearly 70% of new patients 
referred for surgery are pre-frail or frail [2].

Sarcopenia is defined as an age-associated loss of skeletal muscle mass and func-
tion. It is present in 10% to 20% of people aged 65–69, and this incidence increases 
to nearly 30% in those >70 years of age [3]. Sarcopenia is often associated with 
frailty, and in the general population its presence predicts falls, disability, and mor-
tality. Within the surgery realm, sarcopenic patients are more prone to postoperative 
complications, prolonged hospital length of stay, and discharge to other than home, 
and their hospitalizations are costlier than non-sarcopenic patients.

Given the typical age range of lung cancer patients, it is no surprise that the inci-
dence of frailty and sarcopenia are high. Frailty is associated with increased risks of 
surgical complications after lung resection [4], worse toxicity from chemotherapy 
[5], and decreased survival after stereotactic body radiotherapy (SBRT)  [6]. 
Sarcopenia is associated with decreased survival in patients after lung cancer 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_10&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_10#ESM
mailto:mferguso@bsd.uchicago.edu


128

resection [7], decreased survival in patients undergoing radiation therapy for early or 
regionally advanced lung cancer [8], and reduced benefits of immunotherapy [9, 10].

Understanding the impact that frailty and sarcopenia have on outcomes after 
major lung resection is important in patient selection for surgery. Whether that 
impact can be mitigated through interventions such as exercise and nutritional 
repletion is the subject of this chapter.

 Search Strategy

Studies focused on frailty or sarcopenia are increasingly common, but few studies 
evaluate those conditions in the setting of exercise intervention for lung cancer. For 
purposes of this chapter (and much of the clinical research), exercise capacity and 
stamina are used as surrogates for frailty and sarcopenia. A literature search was 
conducted using the databases PubMed, Cochran Library, Embase, and SCOPUS 
for the period 2010 through 2019 for articles published in English. Search terms 
included combinations of: lung OR pulmonary; cancer OR malignancy; sarcopenia 
OR muscle OR frailty; exercise OR nutrition OR rehabilitation (Table 10.1). Articles 
were selected that included a randomized comparison of preoperative exercise inter-
ventions to an alternative strategy, that included more than 15 patients in an arm, 
and that provided metrics identifying performance outcomes and/or surgical out-
comes. Review articles and meta-analysis articles were reviewed and also were 
scanned to ensure that all appropriate publications were included.

 Results

A total of 9 articles were identified that met criteria for randomized trials (Table 10.2) 
[11–19]. Their evidence quality was low to moderate. The interventions included 
inspiratory muscle training, endurance training, and resistance training; most stud-
ies included more than one of these interventions. The endurance training was often 
characterized as high intensity training, and the duration of these interventions were 
often as short as 1 week. Those that were ultra-short were usually performed in an 
inpatient setting. Instruments for measuring performance improvement included the 
6 min walk test (6MWT), spirometry or DLCO, VO2max as measured by cardiopul-
monary exercise testing, perceived exertion rating on the Borg scale [20], and qual-
ity of life (QOL) assessments. Clinical outcomes of interest were postoperative 
complications (particularly postoperative pulmonary complications (PPCs)), and 
hospital length of stay.

Table 10.1 PICO formatted terms for literature search

P (Patients) I (Intervention C (Comparator) O (Outcomes)
Patients with lung cancer 
considered high risk for 
frailty/sarcopenia

Exercise or nutrition 
intervention

No specific 
intervention

Postoperative 
complications
Survival
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For performance outcomes, most studies demonstrate a statistically significant 
improvement associated with the intervention, especially for 6MWT (5 of 6 studies) 
and VO2max (3 of 3 studies). This was true either for intra-group comparisons or 
inter-group comparisons. Clinical outcomes were better for the intervention group 
in at least one domain in 7 of 7 studies, particularly for PPCs (6 of 6 studies) and 
shortened hospital length of stay (3 of 3 studies).

Reviews and meta-analyses also demonstrated advantages associated with pre-
operative exercise intervention (Table  10.3) [21–26]. These publications often 

Table 10.3 Results of reviews and meta-analyses of studies of preoperative exercise for lung 
resection patients

Author 
(reference)
Year

Type of study 
(number of studies 
included)

Performance 
outcomes associated 
with exercise

Clinical outcomes 
associated with 
exercise

Quality of 
evidence

Pouwels 
[21]
2015

Systematic review 
(11)

Improved stamina
Improved physical 
fitness
Improved quality of 
life

Reduced hospital 
length of stay
Reduced incidence of 
complications

Low

Ni [22]
2016

Systematic review 
(4)

Improved 6MWT 
(+62.8 m)
Reduced dyspnea 
score (−14.3 points)

Reduced hospital 
length of stay (MD 
−4.98 days)
Reduced incidence of 
complications (OR 
0.33)

Low

Sebio 
Garcia 
[23]
2016

Meta-analysis 
(14)

Improved FEV1 
(MD 0.27 L)
Improved FVC (MD 
0.38 L)

Reduced hospital 
length of stay (MD 
−4.83 days)
Reduced incidence of 
PPCs (RR 0.45)

Moderate

Steffens 
[24]
2018

Systematic review 
(8)

N/A Reduced hospital 
length of stay (MD 
−2.86 days)
Reduced incidence of 
complications (RR 
0.52)

Low

Li [25]
2019

Meta-analysis (7) Improved 6MWT
Improved VO2max

Reduced hospital 
length of stay (MD 
−4.23 days)
Reduced incidence of 
PPCs (OR 0.44)

Moderate

Rosero 
[26]
2019

Meta-analysis 
(10)

Improved 6MWT 
(MD 0.27)
Improved VO2max 
(MD 0.78)
Reduced dyspnea 
score (MD −0.30)

Reduced hospital 
length of stay (MD 
−0.58 days)
Reduced incidence of 
PPCs (RR 0.50)

Moderate

PPC postoperative pulmonary complications, N/A not applicable, 6MWT 6 min walk test, FEV1 
forced expiratory volume (ml) during the first second and expressed as a percent predicted, FVC 
forced vital capacity, VO2max% peak oxygen consumption during exercise (ml/kg/min) expressed as 
a percent of predicted, MD mean difference, OR odds ratio, RR risk ratio
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included the same original studies, so the fact that their findings were similar should 
not be interpreted as strengthening the conclusions regarding an exercise interven-
tion, but can be interpreted as a quality measure for the systematic review or meta- 
analysis approaches used. The reviews consistently found that stamina (6MWT), 
exercise capacity (VO2max), and dyspnea were improved after an exercise interven-
tion. Clinical outcome findings were also consistent, with all publications reporting 
reduced hospital length of stay and reduced complications, especially pulmonary 
complications, associated with preoperative exercise.

 Conclusions and Recommendations

Lung resection for cancer carries an attendant risk of morbidity and mortality and 
thus requires careful patient selection. Preoperative assessment of surgical risk in 
such patients typically includes pulmonary function testing and evaluation of car-
diovascular status. Often some form of exercise testing is performed, and assess-
ment of frailty is increasingly common in individuals thought to be at risk. Although 
most patients seen by surgeons for evaluation are reasonably fit for resection, owing 
at least in part to pre-selection by the referring physician, there is usually a substan-
tial number of patients who are found to be at increased risk. Traditional options for 
those patients include forging ahead with the planned operation and accepting the 
increased risk, altering the extent of resection (parenchymal sparing rather than 
lobectomy, for example), changing the surgical approach (minimally invasive rather 
than open), or offering a different treatment altogether, such as stereotactic body 
radiotherapy. Although the risk profile of patients is changing over time as surgical 
practice improves with the advent of minimally invasive approaches and enhanced 
recovery programs, making recommendations for higher risk patients remains an 
important challenge.

We now have evidence that preoperative exercise interventions are effective in 
reducing risk associated with major lung resection, particularly with regards to post-
operative complications including pulmonary complications, and these interven-
tions result in a decreased duration of postoperative hospital stay. The benefits from 
these interventions are likely owing to improved exercise capacity and stamina. 
Interestingly, benefits are often evident with as little as 1 week of exercise, indicat-
ing that the intervention can be accomplished without delaying surgery. As a result, 
it is recommended that patients who are at increased risk for major lung resection 
related to performance status, identification of sarcopenia, or evidence for pre- 
frailty or frailty should complete a preoperative exercise program.

As with many recommendations for perioperative care, the devil is in the details. 
Exercise interventions include both standard programs (2 to 3 exercise periods per 
week) and high intensity programs (1 or more exercise periods daily). Interventions 
can also be moderate in their intensity, aiming to achieve 50% of maximum effort, 
or more strenuous, aiming for 75% to 80% of maximum effort. Studies that included 
ultra-short and high intensity interventions were usually performed in an inpatient 
setting, which is not a feasible undertaking in most settings because of cost 
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considerations. In a similar vein, whether the exercise is performed under supervi-
sion or is self-directed may have an impact on outcomes. Not every patient is a 
candidate for exercise intervention. Pre-frail patients will be more likely to be able 
to participate than the frailest of the frail. Patients must have sufficient physiologic 
reserves to permit their participation. Some patients will be unable to participate 
owing to orthopedic problems, claudication, and other comorbidities that don’t 
directly relate to cardiopulmonary fitness. How to best assess those patients remains 
a challenge.

Additional considerations pertain to the types of exercise that are recommended. 
Many studies included one or more of the following: inspiratory muscle training, 
strength (resistance) training, and endurance (aerobic) training. What combination 
of these interventions is best for mitigating surgical risk is not known. We also don’t 
know whether there is benefit in nutritional repletion as part of the intervention or 
for how long the intervention should be carried out. Additional high quality studies 
are needed to ascertain the optimal exercise regimen, its frequency and duration, 
and any additional interventions (nutrition, balance training) that might be appropri-
ate. Ideally these studies will help clinicians understand how to individualize preha-
bilitation programs to optimize benefits to surgical candidates.

 A Personal View of the Data

The science and clinical practice of risk evaluation for major lung resection have 
evolved considerably in the past few decades. Nevertheless, many surgeons are 
unaware of guidelines for preoperative evaluation or do not use them in their clinical 
practice. The reasons for the latter are unclear but the behavior reflects common 
findings in how we practice medicine—much of it is based on what we were taught 
rather being evidence-based. Hopefully information such as that contained in this 
chapter will help surgeons improve their perioperative care of patients.

I have long been a proponent of having every patient for whom I am considering 
lung surgery participate in a preoperative exercise prehabilitation program. Normally 
I prescribe walking exercise only, with a goal of one to two miles of vigorous walk-
ing daily. Often patients are requested to begin this on the day of their first visit to 
see me in the outpatient clinic. The overall success rate of this type of intervention 
is high with regards to participation; no formal testing of performance metrics is 
done. Patients at the highest risk because of severe pulmonary dysfunction are 
referred for a 4-week program of cardiopulmonary rehabilitation on an outpatient 
basis, which includes supervised sessions three times per week.

Recommendation
• Patients who are at increased risk for major lung resection should complete 

a preoperative exercise program (evidence quality moderate, strong 
recommendation).
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This approach is accompanied by a strong admonition against smoking, and my 
patients are informed that they risk not getting an operation unless they quit smok-
ing for several weeks prior to surgery. Not surprisingly, this approach results in a 
smoking cessation rate of about 98%.

More sophisticated approaches to exercise intervention in my practice historically 
have been limited in use because of access to resources including venue, equipment, 
expert supervision, and patient-specific recommendations. However, with expanding 
knowledge regarding frailty and sarcopenia, it is now evident that screening and 
intervention are important in appropriate patients. We are doing routine frailty/sarco-
penia screening with the following instruments: FRAIL questionnaire [27], measure-
ment of grip strength, and measurement of gait speed. An abnormal FRAIL 
questionnaire, grip strength <30 Kg for men or <20kg for women, or a gait speed 
<0.8m/sec is an indication for a comprehensive geriatric assessment as well as exer-
cise intervention. Good quality evidence and strong recommendations support the 
benefits of exercise and nutrition interventions for sarcopenia [28]. Our current inter-
vention for most patients is 2 to 3 weeks of daily home-based exercise including 
resistance and endurance training, the latter consisting of walking or use of a station-
ary bicycle. We find that the vast majority of patients are not only able to participate 
vigorously in such a program, but such participation results in a substantial improve-
ment in their outlook regarding the treatment of their disease.
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 Introduction

Surgical resection is the standard of care treatment for early stage lung cancer, and 
a necessary component of curative intent therapy for patients with locally advanced 
disease [1, 2]. With more than 200,000 newly diagnosed cases of lung cancer in the 
United States in 2018, lung resections are some of the most commonly performed 
oncologic operations [3]. Post-operative pulmonary complications and infectious 
complications, such as surgical site infection (SSI), post-operative pneumonia 
(POP), and empyema, have historically represented a major source of morbidity and 
mortality for patients undergoing lung resection [4]. As a whole, patients with post- 
operative pulmonary complications have been found to have more frequent and lon-
ger admissions in the intensive care unit, increased lengths of stay in the hospital, 
and a greater rate of in-hospital deaths [5].

Administration of antibiotics before select surgical procedures emerged in the 
early 1990s as a standard strategy for prevention of post-operative infectious com-
plications [6]. Since that time, the administration of pre-operative antibiotics and 
SSI rates have been used as a quality metric for multiple national, state, and 
institutional- level quality-improvement campaigns, and have been subsequently 
incorporated into societal clinical practice guidelines. While such guidelines have 
been published for cardiac surgery, no standardized recommendations exist for 
patients undergoing lung resection [7–9]. This chapter addresses the use of periop-
erative antibiotics in patients undergoing lung resection and evaluates the published 
literature examining infectious outcomes.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_11&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_11#ESM
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 Search Strategy

We queried the PubMed, Embase, and Cochrane Evidence Based Medicine data-
bases for publications categorized with the terms “antibiotic prophylaxis,” “preop-
erative care/methods,” “bacterial infections/control,” “surgical wound infection” 
AND “procedure, thoracic surgical” (Table  11.1). Results were limited to those 
written in the English language, studying humans, and published within the last 15 
years. Articles were hand screened for relevancy and references examined for addi-
tional works falling outside the search parameters. Articles primarily related to car-
diac surgery were excluded from analysis, as were studies comparing only different 
antibiotics, or duration of antibiotic treatment.

 Results

 Overall Risk Reduction

Lung resection and perioperative care for patients undergoing such operations has 
evolved substantially in the past three decades, leading to changing risk factors and 
thus a shifting incidence of post-operative infection. One of the most notable 
changes to the field has been the application of minimally invasive technique such 
as video or robotic assisted thoracoscopic surgery. In 2016 Yang and colleagues 
queried the National Cancer Database and reported that of approximately 30,000 
lobectomies performed for early stage lung cancer between 2010 and 2012, almost 
one third utilized minimally invasive technique [10]. With changing operative tech-
nique comes changing risk profiles. A 2015 Dutch study aimed to identify risk fac-
tors for post-operative pneumonia in patients undergoing pulmonary resection for 
lung cancer. Of the more than 7000 patients identified, 268 (3.6%) were diagnosed 
with post-operative pneumonia, and patients with thoracoscopic operations experi-
enced pneumonia at half the rate as those undergoing thoracotomy [11]. Other stud-
ies have also found decreased rates of surgical site infection in patients undergoing 
thoracoscopic operations [12].

 Wound Infection

Normal skin and respiratory flora are the primary cause of post-operative wound 
infection. In pulmonary surgery, this includes Staphylococcus Aureus (most com-
mon), coagulase negative staphylococci, Streptococcus Pneumoniae, and 

Table 11.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients undergoing 
elective lung resection

Prophylactic 
antibiotics

Absence of 
antibiotics

Surgical site infection, 
pneumonia, empyema

D. S. Bryan and M. K. Ferguson
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gram-negative bacilli [9]. Prophylactic regimens should be based on hospital and 
community antibiotograms, but usually include a cephalosporin (most commonly 
cefazolin), or vancomycin when antibiotic resistant species are suspected.

Several studies met search criteria and examined rates of wound infections after 
administration of prophylactic antibiotics, however all fell outside of the pre- 
specified time window of publication in the last 15 years (Table 11.2). While dated, 
and performed before the era of thoracoscopic surgery, these data deserve mention. 
In 1977, Kvale and colleagues published what would be the first of several double- 
blind randomized controlled trials studying the perioperative application of antibi-
otics. They randomized patients undergoing pulmonary resection to a 5-day course 
of intramuscular/oral cephalosporin or placebo. Patients in the treatment arm expe-
rienced fewer overall infectious complications than those receiving the placebo 
(19% versus 50%, p < 0.005), leading the authors to conclude that pre-operative 
antibiotics are indicated for patients undergoing pulmonary resection [13]. Two 
subsequent randomized trials also looked at incidence of wound infections follow-
ing lung resection. In 1982, Frimodt-Moller enrolled 92 patients undergoing resec-
tions including lobectomy and pneumonectomy, randomizing to six perioperative 
doses of penicillin G or placebo. Again, those in the treatment arm experienced 
fewer post-operative wound infections (4.4% versus 19.2%, P = 0.03) [14]. A third 
trial, published by Aznar and colleagues in 1991 randomized 127 patients to cefazo-
lin or placebo. For a third time, wound infection was significantly reduced in the 
treatment arm (1.5% versus 14%, P < 0.01) [15].

The data from these studies, while more than 30 years old, do suggest a decrease 
in superficial wound infection with the use of pre-operative antibiotics in non- 
cardiac thoracic surgery. They set the stage for a shift in practice, with subsequent 
trials studying antibiotic type and duration. Until the present era, most published 
works examining post-operative complications have included antibiotics in all study 
arms. The weakness of these studies obviously lies in the time since publication and 
the difficulty of applying their conclusions to a different era of surgical practice. In 
the modern era, pre-operative utilization of chlorhexidine-alcohol based prep solu-
tions, along with other antisepsis practices, have drastically decreased the rates of 
wound infection [16]. Furthermore, these studies were performed prior to the thora-
coscopic era, with all patients undergoing thoracotomies. Infection control practices 
and surgical technique have evolved to overall make lung resection less invasive and 
less prone to surgical site infection.

 Pneumonia and Empyema

Post-operative pneumonia can be a particularly troublesome complication, with 
some groups reporting rates of associated mortality approaching 20% [4]. 
Responsible pathogens include most commonly Streptococcus pneumonia and 
Hemophilus spp, both of which are frequently seen in community acquired pneu-
monia and are known colonizers of the bronchial tree. With this information, a 
French group changed their prophylactic antibiotic protocol for patients undergoing 
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lung resection from cefamandole (a second-generation cephalosporin with activity 
against bacteria commonly found in wound infection, but not necessarily against 
bacteria isolated in patients with post-operative pneumonia) to high dose amoxicillin- 
clavulanate [17]. After implementation of the new protocol, they reported a signifi-
cant reduction in post-operative pneumonia from 25 to 13.7%, with bronchial 
sampling at the time of operation showing decreased bacterial colonization. The 
study was criticized for its high initial rate of pneumonia, and that the second group 
of patients may have been more optimized pre-operatively, leading to decreased 
bronchial colonization [18]. Furthermore, the antibiotic dose used was more in line 
with treatment rather than prophylactic dosing.

While results from historic trials demonstrated a decrease in wound infection 
with application of pre-operative antibiotics, the same decrease was not shown for 
post-operative pneumonia or empyema. In both the Frimodt-Moller and Aznar tri-
als, rates of post-operative pneumonia and empyema were not significantly different 
in treatment arms. Another study by Truesdale et al. in 1979 compared outcomes in 
patients undergoing lung resection who had received either a cephalosporin for pro-
phylaxis, or placebo. Again, there was no noted difference between the groups in 
terms of pneumonia, or bronchopleural fistula [19].

 Existing Guideline Recommendations

Peri-operative infection control practices have changed dramatically in the last three 
decades, as has the field of thoracic surgery. Guidelines, however, are sparse 
(Table  11.3). A 2017 Center for Disease Control and Prevention Guideline pub-
lished in JAMA Surgery detailed recommendations for the prevention of surgical 
site infection garnered from 170 individual studies [20]. They found support for 
pre-operative skin preparation with alcohol-based antiseptic scrub, as well as bath-
ing/cleansing with antiseptic soap the day prior to the operation. Additionally, pro-
phylactic antibiotics were addressed. The report states that, “antimicrobial 

Table 11.3 Existing guidelines and clinical practice recommendations for the use of antibiotics 
in patients undergoing lung resection

Author 
(year) Publication Findings/recommendations
Berrios- 
Torres 
(2017) 
[20]

JAMA Surgery “Antimicrobial prophylaxis should be administered only 
when indicated based on published clinical practice 
guidelines”

Bratzler 
(2013) [6]

American Society 
of Healthcare 
Pharmacists

In patients undergoing thoracic procedures, a single dose of 
cefazolin or ampicillin–sulbactam is recommended. Strength 
of evidence for prophylaxis for VATS = C (lowest level); 
strength of evidence for prophylaxis for open thoracic 
procedures = A (highest level)

11 Is Antibiotic Prophylaxis Necessary for Major Lung Resection?
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prophylaxis should be administered only when indicated based on published clini-
cal practice guidelines,” and thus is not necessarily supportive of blanket prophylac-
tic antibiotic use in surgery.

Prophylactic antibiotics are frequently employed for lung resection in every-
day practice. Many enhanced recovery pathways for patients undergoing lung 
resection do include prophylactic antibiotics, a policy endorsed by the European 
Society for Thoracic Surgery [21, 22]. Such recommendations are based on data 
detailing post- operative infections, namely, wound infection, empyema, and 
pneumonia.

The American Society of Health-System Pharmacists, in conjunction with the 
Infectious Diseases Society of America (IDSA) and the Surgical Infection Society 
(SIS), released a policy position in 2013 detailing recommendations for antimicro-
bial agents for the prevention of surgical-site infections [6]. For patients undergoing 
non-cardiac thoracic surgery, the group recommends pre-operative cefazolin or 
ampicillin-sulbactam with an assigned A (highest) level of evidence, based pre-
dominantly on trials mentioned in this text, mostly from the pre-thoracoscopic era. 
Patients who are undergoing planned thoracoscopic surgery are also recommended 
to receive pre-operative cefazolin or ampicillin, however with an assigned C (low-
est) level of evidence.

 Conclusions and Recommendations

Patients undergoing lung resection are at risk for peri-operative infectious compli-
cations, including wound infection, empyema, and pneumonia. Post-operative 
pneumonia, in particular, is a main source of morbidity and mortality. While pre- 
operative antibiotic prophylaxis has been a successful strategy in other fields of 
surgery to reduce rates of SSI, there is a paucity of data in the current surgical era to 
show efficacy in patients undergoing lung resection. Nevertheless, most published 
data on post-operative infections from the last several decades was garnered from 
patients who did receive antibiotic prophylaxis. Historic studies showed pre- 
operative antibiotics to be successful in decreasing the rate of wound infection in 
patients undergoing lung resection, however superficial infections in the era of tho-
racoscopic surgery are more rare, and often benign in nature. Data have not consis-
tently demonstrated a decrease in empyema or post-operative pneumonia. Therefore, 
those undergoing open lung resection or VATS resection with a high probability of 
conversion to open should receive pre-operative antibiotic prophylaxis against 
wound infection. No recommendation can be made for antibiotic prophylaxis 
against post-operative wound infection for patients undergoing planned VATS 
resection with low likelihood of conversion to thoracotomy. No recommendation 
can be made for antibiotic prophylaxis against post-operative pneumonia or 
empyema.

D. S. Bryan and M. K. Ferguson
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 A Personal View of the Data

The initial trials investigating the use of perioperative antibiotics reported high rates 
of post-operative infectious complications. Since their publication over 30 years 
ago, rates of infection have decreased as surgical approaches and infection control 
practices have evolved substantially. This has occurred alongside an increased focus 
on wound infection as a quality indicator. Modern series report rates of post- 
operative infection for patients undergoing lung resection to be low, a finding even 
more pronounced among those undergoing minimally invasive operations. We rec-
ommend consideration for prophylaxis against superficial surgical site infection in 
patients having open operations or thoracoscopic operations with a high likelihood 
of conversion to open, targeting skin flora and common pathogens identified in 
wound infections according to relevant hospital antibiograms. Patients undergoing 
straight forward VATS lung resection likely see minimal benefit with the addition of 
antibiotics, however prospective data demonstrating this has not yet emerged.

We view post-operative pneumonia to be a complication associated with bron-
chial colonization, and thus the best prophylaxis against infection to be pre- operative 
patient optimization with exercise, airway clearance, and smoking cessation, rather 
than pre-incisional antibiotics.
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 Introduction

Video-Assisted Thoracic Surgery (VATS) is today established as the minimally 
invasive surgical approach of choice for performing lobectomy for lung cancer [1–
4]. Since VATS lobectomy was first developed over a quarter of a century ago, a 
large volume of clinical evidence has been produced to demonstrate its safety, effi-
cacy, and advantages over traditional open thoracotomy [2, 5]. However, it was also 
recognized that even with conventional VATS—typically using three ports, includ-
ing a ‘utility’ port—there was room for improvement. A number of studies have 
reported that ‘multiportal’ VATS (mVATS) still resulted in a substantial proportion 
of patients experiencing pain or paresthesias after surgery [4, 6, 7].

Alongside the emergence of robot-assisted surgery, another perhaps even more 
popular direction of surgical progress has been in ‘next generation’ VATS approaches 
[4, 8]. These have included needlescopic VATS, two-port VATS, and single-port 
VATS.  The latter, Uniportal VATS (uVATS) for lobectomy, was first reported in 
2011, and has since been adopted by many thoracic surgeons around the world [8–
10]. Conceptually, limiting surgical access trauma to only one incision at only one 
intercostal level should provide the least pain and morbidity to the patient.

Nevertheless, those thoracic surgeons who have yet to use the uVATS approach 
feel they are now facing a difficult decision: if I am already performing mVATS 
lobectomy well, should I switch over to uVATS? This chapter attempts to answer 
this question using the currently available clinical evidence.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_12&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_12#ESM
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 Search Strategy

A literature search was conducted to identify papers comparing uVATS) and mVATS 
for lobectomy with curative intent in adult lung cancer patients. The PICO terms 
used for this strategy are summarized in Table 12.1. Electronic searches were per-
formed using the Ovid Medline from 1946 to September 20, 2019. Key words and 
MeSH terms searches were conducted for 2 groups: 1) ‘uniport∗’ or ‘single port∗’ 
or ‘single incision∗’; and 2) ‘VATS’ or ‘thoracoscop∗’ or ‘video assist∗’. The 2 
groups were combined with the Boolean operator ‘AND’.

Initial screening of all search results was based on abstracts and titles. Eligible 
studies were defined as those that included 15 or more adult patients with a con-
firmed or suspected diagnosis of lung cancer treated by lobectomy using a uniportal 
VATS approach. All studies were limited to human subjects only. Papers were 
excluded if the primary focus was on indications for surgery other than for lung 
malignancy (such as mediastinal tumors, pneumothorax and hyperhidrosis), variant 
techniques (such as subxiphoid or robotic uVATS), or anesthetic techniques (such as 
non-intubated or awake surgery). Case reports, surgical technique papers, reviews, 
editorials, expert opinions, commentaries, conference abstracts and letters were 
excluded. Following the initial screening, full texts of potentially relevant articles 
were obtained. The full text papers were then further selected according to relevance 
to the PICO terms above.

 Results

The final selection of 24 papers comparing uVATS) and mVATS included for this 
review are displayed in Table 12.2 [11–34]. The individual studies include from 15 
to 167 patients who received uVATS for lung cancer.

The overall quality of the available evidence is low to moderate according to the 
GRADE system. Only three are prospective studies, but one has been published in 
a non-English journal of unknown quality, and the results are conspicuously one- 
sided (in favor of uVATS) [29]. Another of these prospective studies is a randomized 
study [20]. However, this paper has been criticized previously for possibly being 
under-powered and for possibly having an inappropriate control group [35]. The 
remaining 21 papers are all retrospective studies. Many are published in lesser 
known journals. Eight of them used propensity-score matching to reduce bias in the 
comparison between uVATS and mVATS.  However, in doing so, the compared 

Table 12.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes
Adult patients undergoing 
lobectomy for lung cancer

uVATS 
approach

mVATS approach Safety
Surgical outcomes
Oncologic efficacy
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study arms have become quite small in number, affecting statistical power. The 
remaining 13 are simply retrospective studies comparing uVATS with mVATS con-
trols from either contemporary or historical cohorts but with no bias-reduction 
performed.

 Safety and Feasibility

Operation times for uVATS) and mVATS were compared in 20 of the papers. In 3 
papers, uVATS was found to take longer to perform. In 3 other papers, mVATS was 
found to take longer to perform. In the remaining 14 papers, no significant differ-
ence was found between the approaches. Overall, it appears that uVATS does not 
pose such a technical challenge over mVATS that it causes any notable increase in 
operation times. This result is especially noteworthy given that the papers published 
likely represented the early or learning curve experience of most of the authors 
with uVATS.

Eighteen of the papers compared blood loss during lobectomy with the uVATS 
and mVATS approaches. Six papers reported less blood loss with uVATS, one 
reported less with mVATS, and 11 reported no difference between the approaches. 
Again, it appears that the adoption of uVATS did not add to the risk of blood loss 
compared to mVATS.

It is difficult to gauge the safety of the uVATS approach from the selected com-
parative papers alone. However, this author previously conducted another system-
atic review published in 2018 which included 22 papers reporting the results for a 
total of 3129 patients who received anatomical lung resection by uVATS) [36]. In 
that review, the mortality rate for uVATS was 0% in 16 of the 17 individual studies 
reporting this statistic, and 3.3% in the remaining one study. The morbidity rate for 
uVATS lung resection in the 17 individual studies reporting this statistic ranged 
from 3% to 40%. The single study with the largest cohort of 731 anatomical lung 
resections reported a morbidity rate of 5.6% [37]. None of the 22 selected articles in 
that review identified any safety issues pertaining specifically to the use of the 
uVATS approach.

The only caveat when looking at the safety and feasibility of uVATS is that 
almost all of the reviewed papers have come from large or ultra-large volume cen-
ters with surgeons who are generally already well experienced with the mVATS 
approach. The published evidence should not be taken as a guarantee of the safety 
of uVATS in the hands of surgeons with less experience and specific uVATS training.

 Surgical Outcomes

Of the 19 papers looking at chest drain durations, 6 found shorter durations with 
uVATS and 13 found no difference. It is unknown why the number of incisions used 
should have any influence on post-operative drainage duration.

12 Uniportal Versus Multiportal VATS Lobectomy
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Of the 21 papers reporting post-operative lengths of stay, 7 reported shorter stays 
after uVATS, 1 reported shorter stays after mVATS, and 13 reported no difference. 
Although this may be construed as an indicator of faster recovery after uVATS, it is 
also worth noting that most of these studies were retrospective and unblended—and 
hence bias cannot be excluded. With this in mind, it should be noted that virtually 
all studies have not set pre-defined criteria for drain removal or discharge from hos-
pital after surgery.

Of the 15 paper reporting pain experiences after surgery, 11 report that uVATS 
patients had less pain at least at one time point after surgery. Only 2 papers reported 
on paresthesia post-operatively, and both found that uVATS gave less paresthesia. 
The apparent reduction in pain and paresthesia represents the greatest demonstrated 
advantage of uVATS compared with mVATS in this review. The key qualification to 
this is that almost all the included studies have not set pre-defined, consistent and 
equal pain management protocols for all patients. Hence, bias in analgesia provision 
between the study arms cannot be excluded.

Twenty papers reported on post-operative complications or morbidity, and 
none found any difference between uVATS and mVATS. One should perhaps not 
draw too many conclusions from this as different papers have included different 
individual complications for reporting, and may have defined each complication 
differently.

 Oncological Efficacy

Lymph node dissection has become a common surrogate to gauge the ‘thorough-
ness’ of the lung cancer resection [2, 5]. Sixteen papers in this review reported on 
this, but have assessed nodal dissection in sometimes different ways: some report 
total nodes dissected, others report nodal stations explored, and so on. Overall, 3 
papers reported superiority using uVATS and 13 reported no difference. It appears 
that the use of one port only instead of multiple ports does not compromise surgical 
thoroughness—at least for more experienced surgeons.

Only one of the comparative studies reported survival outcomes [24]. For patients 
with stage I disease, Han et al. reported that the 3-year overall survival was 93.2% 
(95% CI, 85.7% to 96.8%) with uVATS, 93.7% (95% CI, 77.2% to 98.4%) for two- 
port VATS, and 87.3% (95% CI, 78.1% to 92.8%) for three-port VATS (p=0.753) 
[24]. The recurrence-free survival at 3-years was 76.9% (95% CI, 64.6% to 85.5%) 
for uVATS, 87.5% (95% CI, 69.9% to 95.1%) for two-port VATS, and 79.9% (95% 
CI, 69.9% to 86.9%) for three-port VATS (p=0.656). No other comparative survival 
studies were identified. However, in a retrospective series of 307 patients receiving 
uVATS anatomical lung resection for lung cancer, Wu et al. reported that the 2-year 
disease-free survival and 2-year overall survival were 92.3% and 100% for IA1, 
73.7% and 91.4% for IA2, 75.2% and 93.4% for IA3, 62.1% and 85.9% for IB, 
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55.6% and 72.7% for IIA, 47.1% and 64.2% for IIB and 42.1% and 60.3% for IIIA 
(staged according to the AJCC 8th classification) [38].

Overall, these results suggest that the treatment efficacy for lung cancer is not 
compromised by the use of uVATS. Again, the caveat remains that these results may 
possibly represent the experience of uVATS pioneers and ‘experts’ only.

 Conclusions and Recommendations

 If I Am Already Performing mVATS, Can I Safely Switch to uVATS?

Answer: YES. The available evidence shows that even early in the learning curve of 
uVATS lobectomy, experienced mVATS surgeons have achieved operating times 
and blood loss comparable with mVATS. At the same time, adequacy of nodal dis-
section and lung cancer survival do not appear to be compromised by uVATS) when 
compared with mVATS results. These suggest that it is possible to switch to uVATS 
without causing harm to the patient. However, given the low quality and quantity of 
the clinical evidence, this recommendation can only be a weak one. This recom-
mendation also comes with a strict condition: anyone embarking on the path to 
uVATS must begin with proper training to prepare oneself to the standard of the 
uVATS pioneers as described in these reviewed papers. Effective training in uVATS 
is now widely available in workshops and courses around the world [39, 40], and it 
is inexcusable not to be trained by an expert before attempting one’s first uVATS 
lobectomy.

 If I Am Already Performing mVATS, Should I Switch to uVATS?

Answer: MAYBE NOT. The current literature shows a strong trend for uVATS to 
give less post-operative pain and paresthesias than mVATS. Although the quality of 
the data is compromised by a lack of consistency in analgesic provision and in stan-
dardizing the pain observations, pain is nonetheless the one outcome measure where 
the majority of studies have demonstrated a benefit from uVATS). However, the 
absolute difference in pain scores between uVATS and mVATS is typically 2-points 
or less on a 10-point scale. Whether this small benefit alone justifies switching to 
uVATS is uncertain—especially when other means to effectively control pain and 
expedite post-operative recovery are available [41–43]. In terms of chest drain dura-
tion, length of stay, and morbidity rates, uVATS has not been shown to consistently 
outperform mVATS.

In summary, the old cliché about uVATS remains valid: the evidence demon-
strates that it can be performed, but does not yet support that it should be performed.

12 Uniportal Versus Multiportal VATS Lobectomy
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 A Personal View of the Data

Since this author’s previous systematic review of uVATS [36], a greater quantity of 
papers have been published presenting original clinical data. This is encouraging 
and commendable. However, as has been made clear above, the quality of the clini-
cal evidence comparing uVATS) and mVATS lobectomy remains fairly poor. Many 
have been published in lesser known journals, reflecting that they may have been 
rejected by the more established journals due to insufficient quality. Almost all are 
retrospective series, often with small cohort sizes, with consequently weak 
reliability.

One way to overcome is to combine the data from all the studies to perform a 
meta-analysis. Indeed, there appears to have been almost as many meta-analyses 
published on uVATS) versus mVATS in the past year or 2 as there have been original 
articles on the same topic [44–47]. This is disappointing because these meta- 
analyses are repeatedly reviewing the same weak data without contributing any 
fresh data. In this review, this author has deliberately avoided performing any statis-
tical meta-analysis. The reason is that any meta-analysis is only as good as the data 
being fed into it (“garbage in, garbage out”). The 24 individual papers in this study 
vary greatly in terms of: which mode of mVATS is studied (ranging from three-ports 
to two-ports to Needlescopic VATS); criteria for drain removal or hospital discharge; 
post-operative analgesic protocol (or lack of one); definitions of post-operative mor-
bidity; and so on. To forcibly combine these disparate studies in an attempt to churn 
out a ‘p<0.05’ result is meaningless. Instead, in this review, the author has chosen to 
simply count the frequency at which different papers have found a difference in 
outcome between uVATS and mVATS in a range of outcomes. In this way, at least 
the study arms are kept to the most similar circumstances possible within each study.

Looking towards the future, one would advise that it is premature to continue 
conducting meta-analyses in this topic until there is a better batch of clinical data to 
work with. Proponents of uVATS (including this author!) should refrain from writ-
ing reviews and commentaries only as an easy way to publish, but instead get down 
to the hard work of establishing good prospective database to collect reliable, con-
sistent data on the use of uVATS (and any other surgical approach for that matter) 
[35]. The emergence of uVATS) interest groups in Europe and Asia raise hopes that 
co-ordinated, hi-quality, multicentric data collection may become feasible in the 
near future [48, 49].

Recommendations
• For surgeons who are already performing multiportal VATS lobectomy, it 

is safe to switch to uniportal VATS lobectomy (evidence quality low, weak 
recommendation).

• For surgeons who are already performing multiportal VATS lobectomy, 
switching to uVATS is not necessary, as this approach offers little in overall 
benefit to patients (evidence quality very low, weak recommendation).
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 Introduction

The mainstay of treatment in the management of early stage non-small cell lung 
cancer (NSCLC) is surgical resection; however, the optimal approach is debated 
given the ongoing evolution in technique. The traditional thoracotomy approach has 
been slowly supplanted by minimally invasive techniques, which now represent the 
most common approach. Of the minimally invasive approaches, multiport video- 
assisted thoracoscopic surgery (VATS) is the preferred modality based on its safety 
profile, oncologic outcomes, and cost effectiveness, which are well established 
when compared to thoracotomy.

Interest in the robotic approach began shortly after 2010, as it was marketed as 
being superior to VATS with wristed dexterity and improved visualization with 10× 
magnification. Many studies from those who embraced the robotic lobectomy tech-
nique early have demonstrated it to be both safe and feasible. This led to increasing 
acceptance and adoption of the robotic platform as a viable alternative minimally 
invasive technique. Nevertheless, its growth has been hindered by reported longer 
operative times, challenges in transitioning and developing proficiency, and higher 
costs compared to VATS.

We reviewed the best available literature comparing the two minimally invasive 
techniques in the treatment of early stage lung cancer to determine the optimal sur-
gical approach.
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https://doi.org/10.1007/978-3-030-47404-1_13#ESM
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 Search Strategy

A systematic search was performed using the PubMed and EBSCO databases. The 
PICO terms utilized to guide the search strategy are demonstrated in Table 13.1. 
Additional search terms included: “pulmonary resection,” “lung resection,” “lobec-
tomy,” “segmentectomy,” “lung cancer,” “robotic,” and “robotic surgical proce-
dures.” The search was limited to articles published in English from 2015 through 
2019. Case reports were excluded. Studies evaluating uniportal VATS and some 
papers including pathologies other than NSCLC were excluded.

 Results

There remains a paucity of high-level evidence comparing the two minimally inva-
sive techniques, as no randomized controlled trials comparing VATS to robotic 
lobectomy were identified. There was one systematic review and meta-analysis, 
sponsored by the International Society of Minimally Invasive Cardiothoracic 
Surgery (ISMICS), which evaluated the optimal lobectomy approach in treating 
patients with early stage NSCLC [1]. It included a total of 145 studies in the synthe-
sis seeking to identify which minimally invasive surgical approach to lobectomy 
was superior. Additionally, our literature search identified multiple case control 
studies and case series, which we limited to studies from the past 5 years as this 
represented more relevant data in regards to robotic resections given increasing 
experience with the approach. In total, we included 12 case control studies 
(Table 13.2).

 Safety

The safety and feasibility of robotic lung resections was demonstrated by multiple 
case series during its early adoption. Although there were conflicting results in 
respect to perioperative outcomes in the initial cohort studies that followed, nearly 
all of the reviewed articles in our literature search demonstrated no significant dif-
ference in morbidity between VATS and robotic lung resection (Table 13.2). These 
findings are in line with the results of the ISMICS meta-analysis [1], which pooled 
six studies including 999 patients and showed no statistically significant difference 
in the rate of complications between the two modalities (OR 1.28; 95% CI, 
0.75–2.17; P = 0.37). Within these pooled studies, 25% (138/545) of VATS patients 

Table 13.1 PICO formatted terms for literature search

Patients Intervention Comparator Outcomes
Patients with early 
stage NSCLC

Robotic 
lobectomy

VATS 
lobectomy

Complications, LOS, Oncologic 
outcome, cost

B. E. Louie and J. Wilkerson
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experienced complications compared to 24% (108/454) of patients in the robotic 
group, and there was no significant difference in 30-day mortality.

Notably, one study [8] retrospectively compared robotic, VATS, and open lobec-
tomies from the Premier national database utilizing propensity matching and found 
a lower overall post-operative complication rate associated with robotic resection 
(P = 0.0061) relative to VATS, as well as a lower conversion rate to thoracotomy 
(6.3% vs. 13.1%; P < 0.001). However, a similar study using the Society of Thoracic 
Surgery (STS) database showed no difference in post-operative complications or 
30-day mortality [4]. The decreased rate of conversion to thoracotomy with robotic 
lobectomy relative to VATS was further demonstrated in several other studies [6, 7].

 Length of Stay

Analysis of the reviewed cohort studies predominately demonstrate a similar post- 
operative length of stay between the two minimally invasive modalities (Table 13.2), 
as no statistically significant difference was identified in many of the studies. In the 
STS database study [4], a similar median length of stay of 4 days was shown 
between robotic and VATS lobectomy, but a higher proportion of robotic patients 
were discharged in less than 4 days (48% vs. 39%; P  <  0.001). Furthermore, a 
pooled analysis of five studies including 7752 patients in the ISMICS meta-analysis 
[1] showed no difference in length of hospital stay between VATS and robotic lobec-
tomy (95% CI, −0.81 to 0.48; P = 0.62).

 Oncologic Effectiveness

The oncologic effectiveness can be evaluated by looking at quality metrics such as 
lymph node harvest, nodal upstaging, disease free survival, and overall survival. In 
evaluating which technique offers a superior approach to lymph node harvest, the 
results of the evaluated cohort studies are mixed (Table 13.2) with one study show-
ing no significant difference [3], several studies favoring VATS [6, 9], and others 
supporting a robotic approach [2, 10, 12, 13].

Taken together, these results do not clearly demonstrate superiority of either 
approach, which is further supported by the ISMICS meta-analysis [1], in which a 
pooled analysis of five studies including 7814 patients showed no statistically sig-
nificant difference in the mean number of dissected lymph nodes between VATS and 
robotic surgery (mean difference [MD] −0.82; 95% CI, −2.69 to 1.04; P = 0.39). 
Similarly, a pooled analysis of two studies including 179 patients showed no signifi-
cant difference in the mean number of lymph node stations sampled (MD −0.20; 
95% CI, −1.07 to 0.68; P = 0.66). Significant heterogeneity was detected for both 
of these comparisons.

Nodal upstaging has long been used as a surrogate measure for a thorough lymph 
node dissection and hence a quality cancer operation, but no significant difference 
was identified between the robotic and VATS approach in three separate case control 
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studies [2, 4, 6], nor in the ISMICS [1] pooled analysis of six studies which included 
18,216 patients. After lymph node sampling/dissection, 8% (1258/14,724) of VATS 
patients were upstaged compared to 10% (355/3492) of robotic patients (OR 1.02; 
95% CI, 0.85–1.22; P = 0.87).

Only two studies reported on the rate of margin positivity associated with mini-
mally invasive lobectomy. A retrospective National Cancer Database study [9] eval-
uated over 60,000 lobectomies for Stage I–IIIA NSCLC performed by either open, 
VATS, or robotic approaches. A comparison of outcomes in a propensity-matched 
group containing 3689 patients in each arm demonstrated no significant difference 
in the percent of positive surgical margins, where both robotic and VATS lobectomy 
were found to have a rate of 3.4% (P = 0.948). Similar outcomes were reported in 
another study [6], where positive surgical margins occurred in 2.4% of both arms 
(P = 0.32).

 Survival

One of the first studies to address survival was a cohort comparison of 2-year sur-
vival data in early stage NSCLC treated by robotic or VATS resection [2]. The 
results of the study demonstrated similar overall survival (88% vs. 95%; P = 0.4) 
and disease-free survival (83% vs. 93%; P = 0.48). These findings were supported 
by a propensity-matched analysis which retrospectively evaluated the short-term 
survival of VATS and robotic lung resection [6]. The matched groups contained 924 
patients each and demonstrated no significant difference between the two modali-
ties at 2-years of follow up (VATS 86% vs. Robotic 85.3%; P = 0.9).

Only one comparative study [10] reported on the 5-year survival rates of VATS 
and robotic lobectomy. In propensity matched cohorts, the 5-year overall survival 
for the robotic group was 77.6% compared to 73.5% for VATS, which was not sta-
tistically significant (P = 0.10). The robotic group was notable for having a better 
disease free survival (DFS) compared to VATS on univariate analysis (72.7% vs. 
65.5%; p = 0.047); however, this result was not confirmed on multivariate analysis. 
The long-term survival of robotic lobectomy patients was also evaluated in a multi- 
institutional retrospective review case series of 1339 patients where 5-year stage 
specific survival was: 83% for stage IA (n = 672), 77% for stage IB (n = 281), 68% 
for stage IIA (n = 118), and 70% for stage IIB (n = 99) [14].

 Cost

A commonly cited drawback to the robotic platform has been an elevated cost com-
pared to other techniques. Among the reviewed articles, four of the comparative 
studies [3, 7, 11, 12] evaluated the cost difference between the two minimally inva-
sive modalities and all of them demonstrated a statistically significant higher cost 
associated with the robotic platform (Table 13.2). The ISMICS meta-analysis [1] 
identified only two studies including a total of 4268 patients that reported on the 
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total cost of surgery in US dollars. The total cost for VATS was significantly less 
than robotic surgery (MD −4238.03; 95% CI, −5507.27 to 2968.79; P < 0.0001).

A French single-center prospective cost study evaluated all patients undergoing 
minimally invasive lobectomy or segmentectomy [7]. Overall, the micro-cost analy-
sis showed a statistically significant difference in total cost between VATS and 
robotic surgery (P = 0.007), with the robot costing an additional €1335 ($1491). 
Notably, most of these additional costs were attributed to medical expenses, con-
sumables, and capital depreciation, as the operative times between the two groups 
were identical and, thus, not a contributing factor in cost discrepancy.

A Canadian single-institution retrospective cohort study [11] compared robotic 
and VATS resections for early stage lung cancer with respect to healthcare utiliza-
tion during the first year of their developing robotic surgery program. Overall, the 
median total hospital cost per patient was $15,247 for robotic vs. $12,131 in the 
VATS cohort (P  <  0.001), a difference of $3116. Longer operating times in the 
robotic group were cited as the main driver of the higher hospital costs, as the dif-
ference was rather significant (robotic 324 min vs. VATS 211 min; P < 0.001). Post- 
hoc analysis of the mean operating room time for the first 20 robotic procedures 
compared to the remaining 22 robotic procedures found an average improvement of 
71 min, which resulted in a lower intra-operative cost difference of $883. A retro-
spective cohort study comparing the cost of robotic, VATS and open lobectomy for 
all lung cancer subtypes reiterated this finding, as improvement in operative time is 
necessary to make robotic lobectomy cost neutral compared to VATS lobec-
tomy [15].

 Conclusions and Recommendations

After thorough analysis of the described literature, the two minimally invasive 
lobectomy approaches can be considered equivalent in regard to safety, oncologic 
effectiveness, and overall survival. While cost is a variable that can potentially be 
neutralized with increased proficiency, VATS resections continue to be the least 
expensive modality. Thus, patients with early stage non-small cell lung cancer can 
safely undergo either robotic or VATS resection with no compromise in morbidity 
or oncologic outcome; albeit at an increased cost with the robotic platform (evi-
dence quality moderate; weak recommendation).

Recommendations
• Patients with early stage non-small cell lung cancer can safely undergo 

either robotic or VATS resection with no compromise in morbidity or 
oncologic outcome, albeit at an increased cost with the robotic platform 
(evidence quality moderate; weak recommendation).
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 A Personal View of the Data

The optimal surgical approach to lobectomy for early stage NSCLC is likely to 
remain an ongoing debate for years to come. It seems clear that a minimally invasive 
approach is most optimal regardless of whether one chooses a VATS, robotic, or 
now the uniportal platform. It is unlikely that major outcome differences between 
any of the minimally invasive approaches will be uncovered and sway surgeons in 
one direction or another. Surgeons will prefer a certain modality because of a per-
sonal attraction to various elements of the approach. As experience with robotic 
lung resections continues to expand, growing evidence continues to demonstrate 
equivalent perioperative outcomes and oncologic effectiveness. The cost difference 
between the two modalities is a crucial issue as hospitals are being asked to do more 
with less. The key for robotic surgeons is to focus on the concept of operative pro-
ficiency and reduced variability so that operative times are reduced, which may 
bring robotic costs in line with VATS and nullify the question of cost [16].
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 Introduction

Persistent air leak plagues thoracic surgeons following pulmonary resection. A 
number of studies have examined both patient and operative risk factors that increase 
the propensity of developing persistent air leak [1–4]. However, despite advances in 
surgical techniques and technologies, persistent air leak remains a common compli-
cation associated with increased hospitalization costs and morbidity [5]. The 
American College of Chest Physicians currently recommends surgical management 
with thoracoscopy or thoracotomy for persistent air leaks that have not resolved fol-
lowing 4 days of drainage via tube thoracostomy [6]. The British Thoracic Society 
echoes similar recommendations for operative management after 3–5 days of per-
sistent air leak following resection [7].

For patients with persistent air leaks who are not operative candidates, the con-
sensus treatment from the American College of Chest Physicians is chemical 
pleurodesis with doxycycline or talc. A reported alternative to traditional chemical 
pleurodesis is blood patch pleurodesis. Robinson first described blood patch 
pleurodesis in 1987 as a method to prevent recurrence of a chronic air leak after it 
had sealed [8]. Shortly thereafter, Dumire and colleagues applied blood patch 
pleurodesis to actively seal a persistent air leak that had previously been refractory 
to tetracycline pleurodesis [9]. Since that time, multiple case series as well as ran-
domized controlled studies have studied the efficacy of blood patch pleurodesis for 
persistent air leak. In this chapter, we review the published literature on blood patch 
pleurodesis for persistent air leak following pulmonary resection.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_14&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_14#ESM
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 Search Strategy

A Pubmed search was performed for articles between 1990 and 2019 reporting out-
comes of blood patch pleurodesis. Search terms used were “blood patch air leak,” 
“pneumothorax blood patch,” “pulmonary resection blood patch,” and “blood patch 
pleurodesis.” We additionally reviewed publications referenced by articles found 
within our initial search. Article titles were initially screened for relevance, and then 
abstracts were further reviewed. We included only articles published in English. We 
initially included all studies in which patients underwent blood patch pleurodesis. 
This was subdivided into patients who had persistent air leak from either underlying 
lung disease (spontaneous pneumothorax) or pulmonary resection. Our final formal 
analysis includes only studies from patients who had a pulmonary resection 
(Table 14.1).

 Results

 Blood Patch Pleurodesis for Persistent Air Leak Following 
Pulmonary Resection

We found nine case series and two randomized controlled trials assessing the effi-
cacy of blood patch pleurodesis for persistent air leak following pulmonary resec-
tion (Tables 14.2 and 14.3). The most common operation performed in studies was 
lobectomy. In some studies, patient cohorts were heterogeneous and consisted of 
persistent air leak from both pulmonary resection and spontaneous pneumothorax. 
There was institutional variability in definition of persistent air leak (ranging from 
4 to 10 days) as well as variability in intervention (volume of autologous blood used 
and addition of supplemental factors).

 Time to Resolution of Air Leak and Length of Stay
Overall the results of the studies were favorable for blood patch pleurodesis in man-
aging persistent air leak following pulmonary resection. The rates of sealing follow-
ing autologous blood patch pleurodesis ranged from 83 to 100%, with some studies 
reporting a proportion of air leaks closing almost immediately following pleurode-
sis [10–18]. When aggregating the case series data specifically for post-surgical 
patients, 81% of persistent air leaks ceased within 48 h of pleurodesis, and ulti-
mately only 2% of air leaks failed to close following blood patch pleurodesis 
(Table 14.4). Again, it is important to note that these values represent average time 

Table 14.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients with persistent air 
leak after major lung 
resection

Blood patch 
pleurodesis

Conservative 
management

Duration of air leak, 
complications, costs

A. Lam and M. K. Ferguson
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Table 14.2 Demographics and design of studies evaluating the efficacy of autologous blood 
patch for post-operative persistent air leak (PAL)

Study and year
Study 
design Case definition

PAL 
duration 
(days) Intervention

Yokomise 
et al. (1998)

Case 
Series

Patients with PAL 
following lobectomy for 
lung cancer; n = 10

7 50 cc ABP with 5.0KE of 
OK432; unclamped CT to 
−15 mm suction suspended 
60 cm above patient

Rivas de 
Andres et al. 
(2000)

Case 
Series

Patients with PAL 
following pulmonary 
resection; n = 6 (4 
lobectomy, 1 wedge 
resection, 1 
segmentectomy)

10 50–250 cc ABP; 
unclamped CT suspended 
60 cm above patient for 
24 h

Lang- 
Lazdunski 
et al. (2004)

Case 
Series

Patients with PAL 
following pulmonary 
resection with forced 
expiratory air leak; n = 11

7 50 cc ABP, clamped CT for 
30 min, then unclamped 
CT to water seal

Droghetti 
et al. (2006)

Case 
Series

Patients with PAL 
following pulmonary 
resection; n = 21 (13 
lobectomy, 1 bilobectomy, 
2 decortication, 5 lung 
volume reduction)

10 50–150 cc ABP; 
unclamped suspended 
above patient for 1 h

Korasidis 
et al. (2009)

Case 
Series

Patients with PAL 
following major resection 
for lung cancer; n = 39 (17 
upper lobectomy, 5 sleeve 
lobectomy, 6 upper 
bilobectomy, 11 lower 
lobectomy

3 Pneumoperitoneum on 
POD3; 100 cc blood patch 
on POD4; unclamped CT 
to water seal suspended 
60 cm above patient

Athanassiadi 
et al. (2009)

Case 
Series

Patient with PAL, majority 
following surgery; n = 20 
(10 lobectomy, 3 wedge 
resection, 3 lung volume 
reduction, 3 secondary 
PTX)

7 60 cc ABP; unclamped CT 
to water seal suspended 6 h 
over patient

Oliveira et al. 
(2010)

Case 
Series

Patients with PAL, 
majority (16/27) following 
surgery (10 lobectomy, 4 
bullectomy, 2 
decortication); remainder 
of patients with primary or 
secondary PTX

5 24–200 cc ABP; 
unclamped CT suspended 
above patient for 30 min

Özpolat 
(2010)

Case 
Series

Patients with PAL; n = 24, 
minority (7/24) following 
pulmonary hydatid cyst 
operation

7 2 cc/kg ABP; unclamped 
suspended above patient 
for 2 h

(continued)
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to resolution for all the studies, many of which differed on type of resection per-
formed, volume of blood instilled, and addition of supplemental factors (e.g. OK432).

The quicker time to resolution was also evident in the two randomized trials 
included in our review. Shackcloth et al. reported median air leak duration of 5 days 
(including the 5 days of persistent air leak) for autologous blood patch pleurodesis 
vs. 11 days in their control group [19]. Even more convincing, 8 out of the 10 
patients in their control group crossed over into the blood patch pleurodesis arm for 
failure to seal air leak at 10 days, and all air leaks in the control group resolved by 
postoperative day 15. Andreeti et al. subsequently compared two groups undergoing 
blood patch pleurodesis (50 vs. 100 cc) with a retrospective cohort of patients that 
was conservatively managed with continued tube thoracostomy and drainage. They 
found the mean time to resolution of air leak was significantly shorter for the blood 
patch pleurodesis groups (2.3 days for 50 cc and 1.5 days for 100 cc, p < 0.001 for 
both groups) when compared to conservative management (6.3 days) [20].

Of note, in multiple studies, certain patients had to undergo repeat instillations of 
autologous blood patch in order to completely resolve the air leaks (Table 14.3). The 
timing for repeat pleurodesis varied, but typically occurred within 2 days of initial 
instillation.

While most studies reviewed did not report exact length of stay following blood 
patch pleurodesis, many stated that patients were discharged within 24–48  h 

Table 14.2 (continued)

Study and year
Study 
design Case definition

PAL 
duration 
(days) Intervention

Lillegard 
et al. (2013)

Case 
Series

Patients under 18 years 
with PAL following 
thoracic procedure; n = 8 
(4 VATS, 3TT, 1 Lung 
Biopsy)

5 1–2.5 cc/kg ABP, clamped 
CT for 3 h, then unclamped 
CT to water seal

Shackcloth 
et al. (2006)

RTC Patients with PAL 
following pulmonary 
lobectomy; n = 20

5 120 cc ABP vs. 
conservative management; 
unclamped CT suspended 
above patient for 2 h; 
repeat ABP q48h as 
needed.
Group size: study (n = 10) 
vs. control (n = 10)
Crossover from control to 
study arm if no resolution 
of by POD10

Andreetti 
et al. (2007)

RTC Patients with PAL 
following pulmonary 
lobectomy; n = 25 + 15 
retrospective

6 50 cc ABP vs. 100 cc ABP 
vs.  Control
Group size: 50 cc (n = 12) 
vs. 100 cc (n = 13) vs. 
control (n = 15)

PAL Persistent air leak, ABP autologous blood patch, VATS video assisted thoracic surgery, TT tube 
thoracostomy, PTX pneumothorax, CT chest tube, POD postoperative day

A. Lam and M. K. Ferguson
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Table 14.3 Results of studies evaluating the efficacy of autologous blood patch for post-operative 
persistent air leak (PAL)

Study and year Results (resolution, complications)
Quality of 
evidence

Yokomise et al. 
(1998)

All PALs sealed
Number needing >1 dose ABP: 4/10 (40%)
Timing to seal: mean 3.8 days
Complications: None

Low

Rivas de Andres 
et al. (2000)

All PALs sealed
Number needing >1 dose ABP: 0/6 (0%)
Timing to seal: mean closure 16 days
Complications: None

Low

Lang-Lazdunski 
et al. (2004)

All PALs sealed
Number needing >1 dose ABP: 0/11 (0%)
Timing to seal: 8/11 (72.7%) within 12 h and 3/11 
(27.3%) within 48 h
Complications: 1/11 (9%) with PNA; 2/11 (18%) with 
empyema

Low

Droghetti et al. 
(2006)

All PALs sealed
Number needing >1 dose ABP: 4/21 (19%)
Timing to seal: 15/21 (71%) within 12 h, 2/21 (10%) 
within 24 h, 4/21 (19%) within 60 h
Complications: None

Low

Korasidis et al. 
(2009)

All PALs sealed
Number needing >1 dose ABP: 2/39 (5%)
Timing to seal: all within 48 h of blood patch
Mean hospital stay: 8 days
Complications: None

Low

Athanassiadi et al. 
(2009)

19/20 (95%) PALs sealed
Number needing >1 dose ABP: 2/20 (10%)
Timing to seal: 14/20 (70%) within 12 h, 3/20(15%) 
within 24 h, 2/20 (10%) within 48 h
Complications: None

Low

Oliveira et al. 
(2010)

23/27 (85%) PALs sealed and 14/16 (87.5%) postsurgical 
sealed
Number needing >1 dose ABP: 7/27 (26%)
Timing to seal: mean closure 1.5 days
Complications: 1/27 (4%) empyema

Low

Özpolat (2010) 21/24 (87.5%) PALs sealed overall and 7/7 (100%) 
postsurgical sealed
Number needing >1 dose ABP: 4/24 (17%)
Timing to seal: 20/24 (83%) within 24 h; 1/24 (4%) 
within 48 h
Complications: None

Low

Lillegard et al. 
(2013)

All PALs sealed
Number needing >1 dose ABP: 3/8 (37.5%)
Timing to seal: 2/8(25%) immediately, 1/8 (12.5%) 
within 1 day 2/8(25%) within 2 days, 3/8 (37.5%) after 2 
days
Complications: 1/8 (12.5%) asymptomatic PTX

Low

(continued)
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following resolution of air leak. Therefore, since the blood patch pleurodesis 
decreased duration of persistent air leak, it also appeared to decrease the duration of 
hospital stay for these patients. Additionally, as costs are associated with length of 
hospitalization, it is likely that blood patch pleurodesis decreased overall costs for 
patients. Overall, blood patch pleurodesis can shorten time to resolution of air leak 
and overall hospital length of stay following pulmonary resection.

 Complications
The most common side effect following blood patch pleurodesis was mild fever. 
The most feared complication seen following blood patch pleurodesis is tension 
pneumothorax [21]. However, this complication is rare, and most likely secondary 
to clamping the chest tube following instillation of autologous blood or blood clot-
ting the tube itself. To reduce the risk of this complication, most institutions report 
irrigating the chest tubes with normal saline and maintaining the chest tube to water 
seal and suspending the drainage system above the patient to prevent backflow of 
the blood patch. The other major complication seen in studies was empyema, but 
rates of empyema were low, occurring only in 2 patients within the case series [13]. 
Otherwise, no other major complications were reported in our review.

Table 14.3 (continued)

Study and year Results (resolution, complications)
Quality of 
evidence

Shackcloth et al. 
(2006)

Treatment arm:
  All PALs sealed
  Number needing >1 dose ABP: 3/10 (30%)
  Timing to seal: Median within 24 h
  Complications: 1/10 (10%) with empyema
Control arm:
  2/10 (20%) sealed by POD10
  Timing to seal: Median within 6 days
  Complication: None

Moderate

Andreetti et al. 
(2007)

50 cc ABP arm:
  All PALs sealed
  Number needing >1 dose ABP: 0/12 (0%)
  Timing to seal: mean 2.3 days
  Complications: none
100 cc ABP arm:
  Number needing >1 dose ABP: 0/13 (0%)
  All PALs sealed
  Timing to seal: mean 1.5 days
  Complications: none
Control arm:
  All PALs sealed
  Timing to seal: mean 6.3 days
  Complications: 1/15 (7%) pneumonia

Moderate

A. Lam and M. K. Ferguson
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 Limitations
These studies are not without limitations. First the risk of publication bias exists 
given the majority of the studies (including those with small sample sizes) demon-
strated only a favorable effect. Second, some studies did not report the grade of the 
patients’ air leaks, which questions the efficacy of blood patch pleurodesis with 
large continuous air leaks. Third, there was significant heterogeneity in the interven-
tion applied and timing of application, limiting the generalizability of the aggregate 
studies. Finally, the overall sample sizes for all studies were small, and large sample 
studies should be initiated to delineate the true magnitude of effect association, as 
well as uncover atypical complications that may arise from the procedure. 
Addressing these issues in future studies would assist in standardization of autolo-
gous blood patch pleurodesis, as well as increase the strength of the overall recom-
mendation for blood patch pleurodesis in persistent air leak.

 Blood Patch Pleurodesis for Persistent Air Leak Following 
Spontaneous Pneumothorax

There have been case series, case control studies, and randomized control trials 
published defining the efficacy of blood patch pleurodesis for persistent air leak 

Table 14.4 Timing to seal for persistent air leak for resection patients from case series

Time to seal
Immediately 12 h 24 h 48 h >48 h No seal

Study Lillegard et al. 
(2013)

2/8 (25%) – 1/8 
(12.5%)

2/8 
(25.5%)

3/8 
(37.5%)

–

Korasidis et al. 
(2009)

– – – 39/39 
(100%)

– –

Yokomise et al. 
(1998)

– – 1/10 
(10%)

2/10 
(20%)

7/10 
(70%)

–

Lang-Lazdunski 
et al. (2004)

– 8/11 
(73%)

– 3/11 
(27%)

– –

Athanassiadi 
et al. (2009)

– 14/20 
(70%)

3/20 
(15%)

2/20 
(10%)

– 1/20 
(5%)

Rivas de Andres 
et al. (2000)

– – – – 6/6 
(100%)

–

Oliveira et al. 
(2010)

– – 8/16 
(50%)

4/16 
(25%)

2/16 
(12.5%)

2/16 
(12.5%)

Özpolat (2010)a – – 6/7 
(86%)

1/7 
(14%)

– –

Droghetti et al. 
(2006)

– 15/21 
(71%)

2/21 
(10%)

4/21 
(19%)

–

Overall 
frequency

2/138 
(1%)

37/138 
(27%)

21/138 
(15%)

53/138 
(38%)

22/138 
(16%)

3/138 
(2%)

aIn studies with heterogeneous populations (resection and non-resection patients), only resection 
patients were included in analysis if timing to air leak closure was reported for individual cases
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from primary and secondary spontaneous pneumothorax. Given this chapter per-
tains to persistent air leak following pulmonary resection, these studies fall outside 
its scope, but are relevant in fleshing out the topic and will be briefly summarized.

Case reports and case series generally demonstrate efficacy of blood patch 
pleurodesis in resolution of air leaks from primary and secondary spontaneous, with 
most studies reporting resolution rates between 27 and 100% [22–26]. Two case 
control studies were reviewed. The first compared autologous blood patch vs. con-
tinued tube thoracostomy for ventilated patients with acute respiratory distress syn-
drome and persistent air leak: This study showed the autologous blood patch group 
had decreased mortality, time dependent on ventilator, and duration of stay in inten-
sive care [27]. The second compared autologous blood patch to chemical (talc or 
tetracycline) pleurodesis. Talc had higher success for sealing air leak (84% vs. 
75%), but autologous blood patch had quicker time to resolution of air leak (27 vs. 
51 h) [28]. These rates of resolution were comparable to a retrospective cohort study 
by Aihara et al. (73% autologous blood patch vs. 79% chemical) [29].

Finally, two randomized controlled trials have directly compared the efficacy of 
blood patch pleurodesis to conservative management with tube thoracostomy for 
persistent air leak in patients with secondary spontaneous pneumothorax. Cao et al. 
compared the effects of increasing doses of autologous blood pleurodesis (0 vs. 0.5 
vs. 1.0 vs. 2.0 mL/kg) in patients with persistent air leak (>7 days) secondary to 
chronic obstructive pulmonary disease [30]. In their cohort of 44 patients (11 per 
group), success rates for blood patch were 9%, 27%, 82%, and 82%, respectively, 
showing that the efficacy of blood patch pleurodesis peaks at approximately 1.0 mL/
kg. Ibrahim et al. performed an additional study in 2019 that compared 50 cc autolo-
gous blood pleurodesis (n = 23) to continued conservative management (n = 24) for 
patients with persistent air leak (>3 days) from secondary spontaneous pneumotho-
rax [31]. They showed a significant decrease in air leak duration (5.4 vs. 10.5 days, 
p < 0.001) for the autologous blood pleurodesis group, as well as significant decrease 
in time to drain removal (7.9 vs. 12.8 days, p < 0.001) and overall length of hospital 
stay (10.0 vs. 15.0 days, p < 0.001).

Overall, these results show promise for blood patch pleurodesis for persistent air 
leak from spontaneous pneumothorax.

 Conclusions and Recommendations

While the majority of studies cited in this chapter are case series, there have been 
two small sample randomized controlled trials assessing the efficacy of blood patch 
pleurodesis for persistent air leak following pulmonary resection. Overall, the 
results from these studies are favorable. Autologous blood patch pleurodesis has a 
high efficacy of sealing persistent postoperative air leak, even in cases refractory to 
prolonged conservative management with tube thoracostomy and drainage. 
Complications from the procedure are minimal. Based on the available evidence, 
we recommend that blood patch pleurodesis should be considered for sealing per-
sistent air leak following lung resection, and that repeated instillations of blood 
patch pleurodesis should be performed if air leak persists following first application.

A. Lam and M. K. Ferguson
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 A Personal View of the Data

For patients with continued persistent air leak post-operatively, our default manage-
ment is to continue drainage with tube thoracostomy and discharge patients to home 
if their air leak persists into the fourth postoperative day. The data in the studies 
included in this chapter are convincing, and suggest that autologous blood patch 
should be utilized more often in our patients with persistent air leak.
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15Is Resection of Persistent N2 Disease 
After Induction Therapy Effective?

Mark F. Berry

 Introduction

Stage III non-small cell lung cancer (NSCLC) encompasses a heterogeneous group 
of tumors, with patients in the subset due to N2 (stage IIIA [T1-2N2M0] and stage 
IIIB [T3-T4N2M0]) lymph node metastases representing approximately 10% of all 
NSCLC patients [1, 2]. The National Comprehensive Cancer Network (NCCN) rec-
ommends definitive concurrent chemoradiation for stage IIIB(N2) patients, while 
recommended treatment for patients with stage IIIA(N2) NSCLC is multimodality 
with some combination of surgical resection, chemotherapy, and radiation therapy 
[3]. The optimal management strategy, and in particular the benefit of surgery over 
chemoradiation for stage IIIA(N2), disease has not been definitively established by 
randomized controlled data, but induction chemotherapy with or without radiation 
therapy followed by surgery is generally accepted as appropriate for selected 
patients [4–12]. Guidelines, however, do not really make specific recommendations 
regarding definitive chemotherapy and radiation over neoadjuvant therapy and 
resection, and the definition of “potentially resectable N2” varies among centers and 
surgeons.

Whether to pursue surgery for patients with N2 disease is one of the most con-
troversial topics in the spectrum of non-small cell lung cancer treatment and should 
always be considered with multidisciplinary input [13, 14]. The degree of lymph 
node involvement at the time of diagnosis (single versus multi-station disease, bulky 
versus non-bulky disease, or macroscopic versus microscopic disease) and the 
extent of pulmonary resection necessary (lobectomy versus pneumonectomy) are 
important considerations as to whether surgery should be pursued [15, 16]. The 
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importance of induction therapy over primary surgery is widely accepted, though 
there is much less agreement as to whether that induction therapy should be chemo-
therapy alone or combined chemoradiation [17–21]. Opinions regarding the role of 
surgery also vary widely among both medical oncologists and thoracic surgeons 
[22, 23]. For example, 82% of thoracic surgeons would consider surgery for multi- 
station macroscopic N2 disease compared with only 48% of medical oncologists. 
The response to induction therapy (to both the primary tumor and the involved 
lymph nodes) is an additional important factor that influences the decision to pro-
ceed with surgery after induction therapy for N2 disease. This chapter reviews pub-
lished studies of outcomes of major lung resection for non-small cell lung cancer 
when N2 disease persists after induction therapy.

 Search Strategy

The studies reviewed were identified by a search of Pubmed (www.pubmed.gov) 
with the search terms “(induction OR neoadjuvant) AND (N2 OR IIIA) AND lung 
AND resection” limited to the English language (Table 15.1). The Pubmed search 
covered the years 1992–2019 and was limited to the English language. The reviewed 
articles were selected based on the nature of the study and the number of patients 
involved. Only studies that provided detailed treatment specifics, perioperative out-
comes, and long-term survival were included. For studies that included a heteroge-
neous group of stages including IIIA(N2), only those where the outcomes specific 
to the N2 subset were separately distinguishable were included.

 Results

Multimodality therapy is fundamentally important to optimizing the oncologic out-
come of patients with NSCLC and N2 disease [3, 24]. The majority of patients with 
N2 disease die of recurrent systemic disease despite apparently complete resection. 
Induction therapy may optimize disease control by clearing local mediastinal dis-
ease and perhaps even clinically non-detectable micro-metastatic disease, with the 
additional advantage of better patient tolerance and compliance for neoadjuvant 

Table 15.1 PICO formatted terms for literature search

Patients Intervention Comparator Outcomes
Pts with persistent N2 
disease after induction 
therapy

Surgical resection Observation Treatment 
morbidity
Mortality
Long-term 
survival

M. F. Berry
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therapy compared to adjuvant treatment [25]. However, an additional critically 
important consideration is the potential peri-operative morbidity of major lung 
resection after induction therapy [26, 27]. The potential oncologic benefits of sur-
gery must be weighed against the short-term risks in patients with N2 disease, and 
the decision as to whether surgery is potentially feasible should generally be made 
before starting induction therapy [13, 14].

 Evidence for Multimodality Therapy

Two prospective trials, both now performed several decades ago, demonstrated the 
importance of multimodality therapy for NSCLC patients with mediastinal nodal 
disease by showing dramatically better outcomes when resectable patients with 
clinically positive N2 disease received induction chemotherapy rather than proceed-
ing with upfront surgical resection [5, 6, 28, 29]. Randomized studies have also 
shown the benefit of adjuvant chemotherapy after primary resection of patients with 
N2 disease [7, 8, 30–33]. Strong evidence therefore supports the use of surgery 
combined with chemotherapy in this situation, and clinical practice guidelines rec-
ommend induction therapy prior to resection when surgery is utilized [3, 13].

 Oncologic Outcomes of Surgery for N2 Disease

Although the above described studies showed the importance of combining sys-
temic therapy with surgery, the need for surgery as local therapy beyond definitive 
chemoradiation is unclear. A 21% complete pathologic response to chemoradiation 
in the Southwest Oncology Group (SWOG) Trial 8805 that assessed the feasibility 
of chemoradiation followed by surgery for stage III NSCLC led to performance of 
the North American Intergroup Trial 0139 that evaluated whether surgery added 
more to the risk or to the benefit of chemoradiation [12, 34]. This phase III study 
showed no significant difference in 5-year overall survival between induction (cis-
platin/etoposide/45  Gy radiation) versus definitive chemoradiation (61  Gy radia-
tion) [12]. Subsequent randomized trials have also failed to demonstrate a benefit to 
multimodality therapy with surgery over definitive chemoradiation [11, 35]. Not 
surprisingly, several meta-analyses of this topic do not provide strong evidence for 
pursuing surgery for N2 disease [36–39].

These important study findings, however, have failed to clearly define clinical 
practice. The Intergroup results were very heavily influenced by surgery related 
deaths, with a somewhat remarkably high 17.6% mortality after pneumonectomy—
lobectomy had a mortality of only 1.1% [12]. A post hoc subgroup analysis showed 
that induction patients who underwent lobectomy had a significantly better progno-
sis than definitive chemoradiation patients. The study also found significantly better 
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prognosis for patients with nodal downstaging after resection over those with resid-
ual mediastinal nodal disease (41% 5-year survival versus 24%). Based on these 
findings, surgical resection after induction therapy is generally felt to have a role for 
patients with N2 disease in the setting of nodal downstaging and when lobectomy is 
feasible to achieve complete resection [4, 40].

 Impact of Mediastinal Downstaging on Outcomes

As described above, the Intergroup study demonstrated significantly better survival 
for mediastinal nodal downstaging when surgery was performed after induction 
therapy [12]. SWOG trial 8805 had shown a similar prognostic value for the steril-
ization of mediastinal lymph nodes; 3-year survival was 44% in patients with eradi-
cation of mediastinal nodal disease but only 18% in those with persistent N2 disease 
[34]. Multiple other studies have had consistent findings that persistent N2 disease 
after induction therapy independently predicts worse outcomes [21, 41–43]. Patients 
with complete nodal clearance (ypN0) had the lowest recurrence risk in one study, 
while the risk of disease recurrence and death were similar in patients who had 
persistent N1 or N2 disease [44].

Nodal downstaging not surprisingly factors into the decision to perform resec-
tion, with only a minority of surgeons favoring surgery in the absence of nodal 
downstaging [22]. These consistent findings have led to a common practice of medi-
astinal restaging after induction therapy prior to surgery [45–47]. Considering the 
prognostic importance of nodal downstaging, performing pathologic restaging after 
induction therapy not surprisingly was found in one study to be a predictor of 
improved long-term survival, where patients who had pathologic mediastinal restag-
ing following induction therapy but prior to resection had an improved 5-year sur-
vival of 45.2% compared with 13.9% for patients who did not undergo pathologic 
mediastinal restaging [48].

 Outcomes for Persistent Mediastinal Disease

Unfortunately, restaging after induction therapy will demonstrate that a significant 
number of patients have persistent nodal disease. Downstaging after chemotherapy 
for pathologically proven N2 nodes is 20–40% and downstaging after chemoradia-
tion is 46–68% [12, 18, 42, 49–56]. Therefore, surgeons commonly will need to 
decide on whether to operate when patients have persistent N2 disease after induc-
tion therapy.

Table 15.2 lists studies that have evaluated survival of patients who underwent 
resection with persistent N2 disease after induction therapy. Most studies were ret-
rospective, but two were prospective phase II studies, and one was a prospective 
randomized trial. The induction therapy was chemotherapy in four studies and 
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chemoradiation in four studies; one study included both types of induction therapy. 
All studies showed findings of worse survival for persistent N2 disease. The 5-year 
survival with patients with persistent N2 disease ranged from 22% to 34% for the 
induction chemotherapy patients and 0–42% for the chemoradiation patients. Only 
one study showed a 5-year survival of less than 20% for patients with persistent 
disease.

 Other Considerations

Nodal downstaging has been consistently shown to have a positive association with 
survival [18, 29, 42, 52, 56, 59, 60]. Patients, however, may still have a reasonable 
prognosis even if their mediastinal nodes are not completely cleared of disease. 

Table 15.2 Survival of patients who undergo resection of persistent N2 disease

Reference Study design

Number 
of 
patients 
treated 
with 
complete 
resection

Induction 
therapy

Survival of 
patients with 
residual N2 
diseasea

Survival of 
patients with 
ypN0-1 
nodal 
diseasea

Level of 
evidence

Cerfolio 
et al. [67]

Retrospective 113/149 CRT 42% 49–53% Low

Decaluwe 
et al. [49]

Retrospective 63/92 CT 27% 49% Low

Friedel 
et al. [50]

Prospective 
phase II

58/62 CRT 30.8% 38.5–53.3% Moderate

Higgins 
et al. [58]

Retrospective 22 CT 34% Not studied Low

Shintani 
et al. [42]

Retrospective NR/52 CRT 0 (n = 23) 58% 
(n = 29)

Very low

Stefani 
et al. [61]

Retrospective 164/175 CT 22% 45% Low

Paul et al. 
[43]

Retrospective 131/136 CT 
(n = 119) 
and CRT 
(n = 17)

20% 45% Low

Albain 
et al. [12]

Prospective/
Randomized

144/164 CRT 24% 41% High

Jaklitsch 
et al. [53]

Prospective 
phase II

21/42 CT 16.9 months 47.8 months Moderate

Port et al. 
[57]

Retrospective 47/52 CT 19% 30% Low

CT chemotherapy, CRT chemoradiation, NR not reported
aMedian survival in months or 5-year survival %
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Having some response to pre-operative therapy may provide a similar prognostic 
benefit to mediastinal nodal clearance [18, 61, 62]. One study that assessed response 
based on pre- and post-induction imaging found significantly better survival even 
when patients had persistent hypermetabolic activity on positron emission tomogra-
phy (PET) scans of up to 40% of the pre-treatment values [62]. Another study of 73 
patients treated with induction chemoradiation and then resection showed that 
involved lymph node volume on imaging after preoperative chemoradiation was 
associated with both increased locoregional recurrence and decreased overall sur-
vival [63].

The number of involved stations also significantly impacts survival. Decaluwe 
found 5-year survival was significantly better for persistent single station disease 
compared to persistent disease at multiple stations (37% vs. 7%) [49]. These authors 
also found lower 5-year survival (17% vs. 39%; p < 0.005) for multi-station involve-
ment compared to single level positive nodes prior to therapy.

An additional important factor for patients treated with surgery for persistent N2 
disease is considering additional adjuvant therapy [21]. A National Cancer Database 
study of patients treated with induction chemotherapy and then surgery for cN2 
NSCLC found survival benefits to both post-operative chemotherapy (3-year sur-
vival 49.3% vs. 58.3%) and post-operative radiation for patients (48.8% vs. 53.5%) 
with persistent N2 disease [64]. Another retrospective study also found that addi-
tional post-operative chemotherapy was associated with fewer distant disease fail-
ures in patients who had persistent N2 disease after induction chemotherapy and 
then surgical resection [65]. Interestingly, Billiet et al. did not find a similar survival 
benefit to post-operative radiation therapy for patients with residual N2 disease after 
chemotherapy and then resection [66].

 Alternatives to Surgery

The multiple factors that influence the selection process for surgery makes compari-
son of what happens to patients who undergo resection for persistent N2 disease 
with non-surgical patients very difficult. One study found that over 50% of patients 
for whom surgery was initially considered for surgery did not ultimately undergo 
resection, likely due to inability to tolerate or progression on induction therapy [67]. 
Although prognosis might be expected to be dismal in that situation, 5-year survival 
has been reported to be as high as 17% [12, 67]. Non-surgical patients likely will get 
further chemotherapy or radiation. However, definitive chemoradiation for IIIA(N2) 
NSCLC is also not a benign treatment, with one study reporting 74% morbidity and 
2.3% mortality [68].

 Resection Extent: Is Pneumonectomy Acceptable?

The surgical procedure required for complete resection after induction therapy for 
N2 disease is an important consideration. Peri-operative mortality of 
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pneumonectomy after induction therapy was 17.6% in the Intergroup trial and 18% 
in another smaller retrospective study [69]. Another smaller study of 39 patients 
treated with induction chemotherapy had a 1-year mortality of 26% after pneumo-
nectomy and 11% after lobectomy [70]. Five-year survival after surgery in this 
study was 43% after lobectomy and 16% pneumonectomy. Very careful patient 
selection may improve outcomes of pneumonectomy, as small single center studies 
have reported minimal mortality in this situation [71]. However, the potential for 
major morbidity must be carefully evaluated if a patient requires pneumonectomy 
after induction therapy for N2 disease.

 Impact of Induction Therapy Choice

Another controversial topic when considering surgery for N2 is whether induc-
tion therapy should include radiation in addition to chemotherapy. The NCCN 
supports both strategies [3]. Combined chemoradiation is the strategy used by 
most United States centers and is generally associated with a better response, 
but has not been shown in randomized trials to improve survival over chemo-
therapy alone [12, 17, 18, 20, 21, 72–74]. A chemoradiation strategy may lead 
to undertreatment in cases where an induction dose of radiation is given but 
surgery is ultimately not performed, therefore leading to less than optimal local 
treatment. An advantage to induction chemotherapy alone is that a definitive 
radiation dose can subsequently be administered if surgery is deferred for any 
reason, therefore perhaps not compromising a patient’s outcome with chemora-
diation alone [19].

 Risks of Major Pulmonary Resection After Induction Therapy

The potential oncologic benefits of surgery for persistent N2 disease after induction 
therapy that have been described must be weighed against the risks of surgery. Early 
reports found increased morbidity and mortality for lobectomy and pneumonec-
tomy after induction therapy [75, 76]. Advances in surgical and anesthetic tech-
niques, peri-operative care, and patient selection may have reduced the impact of 
induction therapy, as subsequent reports have found that induction therapy did not 
significantly increase the risk for mortality or morbidity [77–80]. Major lung sur-
gery has been shown to be generally safe even after higher definitive doses of radia-
tion [81]. Induction therapy, however, likely does confer some increased surgical 
risk and was a risk for a prolonged length of hospital stay, which was considered a 
surrogate for morbidity, in a Society of Thoracic Surgeons General Thoracic Surgery 
Database review of 4979 lobectomies performed between 2002 and 2006 [26]. 
Mortality was also significantly higher for pneumonectomy compared to lobectomy 
after induction therapy in several prospective and retrospective studies [12, 27, 74, 
76, 82]. Table 15.3 lists the morbidity and mortality after induction therapy reported 
by multiple studies.
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 Conclusions and Recommendations

Published studies examining the role of surgery for N2 disease overall are a mixture 
of randomized trials and retrospective studies. Studies that address the topic of man-
agement when N2 disease persists after induction therapy are small, single-center, 
and retrospective in nature. Additional large-scale phase III trials in patients with 
N2 disease are unfortunately unlikely to be initiated to improve the current level of 
evidence, particularly for the specific situation of persistent N2 disease after induc-
tion therapy. More therapeutic options such as targeted therapies and immunother-
apy will likely increase the complexity and variety of options [83]. The best option 
for specific patients will require careful evaluation by a multidisciplinary team that 
includes an experienced thoracic surgeon and relies on the evidence that has been 
discussed.

Patients with suspected N2 disease on initial staging studies should have patho-
logic mediastinal nodal evaluation and be treated with induction therapy prior to 
undergoing surgical resection. Surgical resection should only be considered for 
acceptable surgical candidates with single-station mediastinal nodal disease for 

Table 15.3 Morbidity and mortality of major lung resection after induction therapy

Reference
Study design 
(na)

Induction 
treatmentb Summary of study findings

Level of 
evidence

Fowler et al. 
[76]

Retrospective 
(13)

CRT (60 Gy) 43% pneumonectomy mortality Low

Bonomi et al. 
[75]

Retrospective 
(16)

CRT (40 Gy) 38% significant morbidity Low

Deutsch et al. 
[82]

Retrospective 
(16)

CRT (60 Gy) 19% overall mortality, 33% 
pneumonectomy mortality

Low

Siegenthaler 
et al. [77]

Retrospective 
(76)

CT 1.3% mortality, 45% morbidity; 
similar outcomes for induction 
and non-induction patients

Low

Martin et al. 
[27]

Retrospective 
(470)

CT (all)/RT 
in 18% 
(50 Gy)

2.4% lobectomy mortality; right 
pneumonectomy had 
significantly higher mortality 
than left (23.9% vs. 0%)

Low

Albain et al. 
[12]

Prospective 
(202)

CRT (45 Gy) Treatment-related mortality of 
1% for lobectomy and 26% for 
pneumonectomy

Moderate

Evans et al. 
[80]

Retrospective
(525)

CT (n = 153)
RT (n = 23)
CRT 
(n = 349)

2.3% overall mortality, 10.5% 
major morbidity

Moderate

Sonett et al. 
[81]

Retrospective 
(40)

CRT (62 Gy) 0% mortality Low

CT chemotherapy, RT radiation therapy, CRT chemoradiation therapy
aNumber of patients in the study that had received induction therapy prior to major lung resection
bRadiation dose shown is a median value
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whom lobectomy is technically feasible; other patients should receive definitive 
chemoradiation. Induction therapy prior to surgery should be chemotherapy alone 
so that definitive radiation doses can be used if patients do not ultimately have resec-
tion. Patients for whom surgery was planned should be restaged after induction 
therapy and proceed to resection when nodal disease has been cleared. Patients for 
whom surgery was planned and have an imaging response but persistent mediastinal 
nodal disease after induction therapy should proceed with resection.

 A Personal View of the Data

My approach to N2 disease closely follows the evidence and recommendations that 
have been described. Although the specific situation for all patients must be carefully 
considered individually, I would consider surgery to potentially have a role when 
patients have only one involved nodal station or only microscopic nodal disease if more 
than one station is involved and when lobectomy can be both tolerated and achieve 
complete resection. All patients should have pathologic confirmation of N2 disease and 
not proceed with treatment based on imaging studies only, to ensure those with false 
radiographic positives do not receive unnecessary induction therapy or are denied sur-
gery at all. I prefer that the initial evaluation be done via endobronchial ultrasound 
guided biopsy, so that mediastinoscopy can be safely performed after therapy if needed 
to assess the response to induction therapy or to evaluate for N3 disease prior to 

Recommendations
• Patients with suspected N2 disease on initial staging studies should have 

pathologic mediastinal nodal evaluation and be treated with induction ther-
apy prior to undergoing surgical resection (high quality evidence, strong 
recommendation).

• Surgical resection should only be considered for acceptable surgical candi-
dates with single-station mediastinal nodal disease for whom lobectomy is 
technically feasible; other patients should receive definitive chemoradia-
tion (moderate quality evidence, strong recommendation).

• Induction therapy prior to surgery should be chemotherapy alone so that 
definitive radiation doses can be used if patients do not ultimately have 
resection (moderate quality evidence, weak recommendation).

• Patients for whom surgery was planned should be restaged after induction 
therapy and proceed to resection when nodal disease has been cleared 
(moderate quality evidence, strong recommendation).

• Patients for whom surgery was planned and have an imaging response but 
persistent mediastinal nodal disease after induction therapy should pro-
ceed with resection (low quality evidence, weak recommendation).

15 Is Resection of Persistent N2 Disease After Induction Therapy Effective?
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surgery. My preference for induction therapy is chemotherapy alone. If radiation is part 
of the induction therapy, I generally prefer a definitive dose be used if there is any ques-
tion that the patient is likely to ultimately be an acceptable surgical candidate after the 
induction therapy. I would proceed with surgery if patients have some evidence of 
response without disease progression on restaging studies. I will generally attempt a 
minimally invasive approach to surgery if technically feasible when patients have 
received chemotherapy alone but would utilize a thoracotomy and cover the bronchial 
stump with an intercostal muscle flap when patients have received chemoradiation.
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16N2 Disease Discovered at the Time 
of Vats Lung Resection: Resect or Abort?
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 Introduction

Since the 1990s the introduction and development of minimally invasive surgery 
has substantially modified the management of surgical diseases, including 
lung cancer.

According to the published data, video-assisted thoracoscopic surgery (VATS) 
lobectomy is oncologically equivalent to open surgery with similar (or even better) 
survival rates [1, 2]. In addition, there is evidence that VATS lobectomy is suitable 
also for patients at high perioperative risk [3, 4], and is associated with lower com-
plication rates [5–7], shorter chest tube duration and hospital length of stay [5], 
better preservation of pulmonary function [4], and better postoperative quality of 
life [8] when compared to open surgery.

On the basis of these results, several authors have proposed extending the indica-
tions for the VATS approach in the setting of non-small cell lung cancer (NSCLC) 
to include advanced stage diseases, including those with mediastinal lymph node 
involvement (N2 disease). The most recent American College of Chest Physicians 
(ACCP) guidelines [9] divide stage III(N2) NSCLC into three readily identifiable 
groups: (1) patients with infiltrative stage III(N2) tumors, (2) patients with discrete 
clinically evident (by CT or CT-PET scan) N2 involvement, and (3) patients with 
occult N2 node involvement despite thorough preoperative staging. While in the 
first two situations the therapeutic strategy is well-described [9], there is more 
uncertainty regarding the last category of stage III(N2) NSCLC, when unsuspected 
N2 nodal disease is encountered intraoperatively during a planned formal lung 
resection for clinical stage I or II NSCLC. The management options may include 
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https://doi.org/10.1007/978-3-030-47404-1_16#ESM
mailto:marco.schiavon@unipd.it
mailto:federico.rea@unipd.it


194

proceeding with resection with subsequent adjuvant therapy or aborting the planned 
resection to allow for neoadjuvant treatment or definitive chemo-radiotherapy. In 
addition, in the case of deciding to continue with the planned resection, the choice 
of the approach should be taken into account. In fact, the adequacy of lymphadenec-
tomy through VATS, compared to thoracotomy, is another matter of debate.

In this chapter we assess evidence regarding whether to proceed with resection 
when unexpected N2 disease is identified intraoperatively at the time of planned 
lung resection for NSCLC. There is no direct comparison of the results of the differ-
ent therapeutic choices to guide the decision-making process in this context, and the 
conclusions must be extrapolated from different data sets.

 Search Strategy

We performed a literature search using PubMed, Ovid Medline, Embase, Cochrane 
Central Register of Controlled Trials, ACP Journal Club, Database of Abstract of 
Review of Effectiveness, and the Cochrane Database of Systematic Reviews. We 
combined the term “unexpected N2”, “N2 disease”, “lung resection”, “VATS”, “sur-
gical treatment”, “neoadjuvant chemotherapy”, “adjuvant chemo-radiotherapy” as 
either keywords or MesH terms (Table  16.1). The research yielded 832 studies. 
Among all these studies, we selected original scientific publications in the English 
language. Abstracts, case reports, conference presentation, editorials and expert 
opinions were excluded. We only selected articles published from 2005 to 2019 to 
have up-to-date literature.

 Results

 Resection

In the current literature, only a few studies have reported outcomes of surgical 
resection in case of unexpected N2 disease discovered at the time of surgery 
(Table 16.2). In fact, the majority of papers that reported survival of patients under-
going resection for N2 involvement also included cases with clinical N2 involvement.

Cerfolio et al. published the first report of 148 patients who underwent surgery 
for unexpected N2 NSCLC [10]. Overall 2- and 5-years survival rates were 58% and 
35%, respectively, in patients with single nodal station involvement, while in 
patients with multiple station involvement they were 40% and 25%. After resection, 
93% of patients received adjuvant therapy.

Table 16.1 PICO formatted terms for literature search

P (patients) I (intervention) C (comparator) O (outcomes)
N2 disease in NSCLC VATS resection Resection/abort

VATS/open
Long term survival
Disease free survival

M. Schiavon et al.
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In 2008, Watanabe et al. [11] analyzed 69 patients with pN2, comparing those 
who underwent surgery by VATS to those operated by thoracotomy. They found 
similar 3- and 5-year survival rates (67.6% vs. 57.7% and 45.4% vs. 41.1%, 
p = 0.833) with a 3- and 5-year recurrence-free survival respectively of 60.9% vs. 
49.6% and 60.9% vs. 49.6% (p = 0.714). Kim et al. reported similar results in 2010 
[12]: among forty patients with pathologic N2 disease, 3-year overall survival was 
89%, while the 3-year disease-free survival was only 33%. However, in all the 
aforementioned studies, no specific data about adjuvant treatment administration in 
N2 subjects was available.

In 2013, Lee et  al. [13] published data on long-term survival in 46 NSCLC 
patients with unsuspected N2 disease. The 5-year survival rate was 33% for patients 
with pN2 disease, which was significantly worse than for patients with pN0 and 
pN1 disease. Only 43.9% of patients in the study underwent adjuvant treatment. 
More recently, Bille [14] analyzed outcomes of 146 patients with occult pN2 dis-
ease; median survival was 37.9 months, with a 5-year survival rate of 36.4%. Again, 
median survival was significantly worse than for patients with pN0 or pN1 disease 
(83.7 months and 48 months, respectively). No specific data on adjuvant treatment 
was reported.

The importance of adjuvant treatment in surgically resected N2 patients is still a 
matter of debate, although, according to several studies, there seems to be a survival 
benefit in patients undergoing such treatment compared to patients managed by 
surgery alone. Berghmans et al. [15], in 2005, published a meta-analysis of 19 stud-
ies that evaluated the effect of adjuvant therapy in patients with resectable 
NSCLC. Although a greater survival benefit was evident in early stage patients, a 
trend towards improved survival was observed also in patients with stage IIIA dis-
ease who underwent chemotherapy (hazard-ratio of 0.85).

These data were confirmed in the randomized controlled trial published by 
Douillart et  al., who assigned 840 patients with stage IB-IIIA NSCLC to either 
adjuvant chemotherapy (n = 407) or observation alone (n = 433) [16]. In a subgroup 
analysis of stage IIIA patients, 5-year survival was 42% in the chemotherapy group 
and 26% in the observation alone group. This survival difference, however, was not 
statistically significant.

Finally, concerning the more adequate approach to perform lymphadenectomy, 
several studies have compared the accuracy of lymph node dissection by VATS 
compared to open surgery, finding no differences in the accuracy of dissection and 
in number of lymph node dissected, also in cases of N2 involvement [17].

 Neoadjuvant Treatments (Chemotherapy + Surgery  
or Chemoradiation Therapy + Surgery)

The current literature does not provide definitive evidence regarding the best 
curative- intent multimodality approach in patients affected by stage IIIA(N2) 
NSCLC.  Induction therapies have several benefits: (1) the treatment of dissemi-
nated micro-metastases; (2) the downstaging of the disease with a subsequent 
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increase in surgical resectability; (3) a better selection of surgical candidates as a 
poor response may contraindicate surgery; and (4) the ability to evaluate the 
response to induction therapy as a prognostic factor.

Commonly adopted induction treatments for potentially resectable N2 disease 
include chemotherapy or combination chemoradiotherapy [18]; the optimal treat-
ment is still a matter of debate, but some recent randomized controlled trials have 
compared these two approaches to establish the superiority of one regimen over the 
other (Table  16.3). Thomas and colleagues [19] published a randomized trial in 
2008 in which 524 eligible patients with stage IIIA-IIIB NSCLC were randomly 
assigned to one of two groups before surgery: the intervention group received three 
cycles of cisplatin  +  etoposide followed by radiation, while the control group 
received chemotherapy alone. The authors concluded that pre-operative chemora-
diation, compared to chemotherapy, increases pathological response and mediasti-
nal downstaging but does not result in improved overall survival rates.

Girard et al. [20] conducted a phase II trial, including 46 patients, which com-
pared standard induction therapy (arm A: cisplatin + gemcitabine) with two differ-
ent regimens of induction chemoradiotherapy (radiotherapy total dose 46 Gy with 
cisplatin and vinorelbine [arm B] or with carboplatin and paclitaxel [arm C]). The 
feasibility rate did not statistically differ between the three treatment arms while the 
response rate was significantly higher in patients who underwent chemoradiother-
apy compared to those who underwent chemotherapy alone (87% vs. 57%, 
p = 0.049).

Another randomized controlled trial (phase III) was recently published by 
Katakami et al. [21]. In this study, 60 patients were randomized to receive induction 
chemotherapy (docetaxel + carboplatin) plus radiation therapy (CRS arm) or induc-
tion chemotherapy alone (CS arm) before surgery. Median progression-free survival 
and median overall survival did not significantly differ between the two groups 
(12.4  months vs. 9.7  months, p  =  0.187; and 39.6  months vs. 29.9  months, 
p = 0.397 in the CRS arm versus the CS arm, respectively). A notable finding was 
that multistation lymph node disease was more common in CS arm (52% vs. 35%), 
which could be explained by the local control of the radiation therapy, which implies 
a lower downstaging rate in the CS arm.

In 2015 Pless and colleagues [22] reported the results of their multicenter trial in 
which 232 patients were enrolled: 117 patients were allocated to the chemoradio-
therapy group (cisplatin  +  docetaxel followed by radiation) while 115 patients 
received induction chemotherapy alone. Median overall survival was 37.1 months 
in the chemoradiotherapy group vs. 26.2 months in the chemotherapy group, and 
median event-free survival was similar in the two groups (12.8  months vs. 
11.6 months, p = 0.67). The authors concluded that radiation therapy in addition to 
chemotherapy did not offer any advantages compared to the chemotherapy alone 
and, therefore, suggested that regimens containing platin and docetaxel followed by 
surgery could be an adequate option for patients with stage IIIA/N2 non small cell 
lung cancer (NSCLC).

R0 resection seems to be more achievable after chemoradiotherapy than chemo-
therapy alone, even though it is known that radiation may cause extensive adhesions 
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that can make the surgical dissection more challenging, particularly in the medias-
tinal region. A recent study revealed that the number of lymph nodes dissected is 
reduced after induction radiotherapy, raising concerns regarding the risks of a less 
adequate lymph node harvesting and pathologic staging in these patients [23].

To date, the best induction regimen in potentially resectable N2 NSCLC is still a 
matter of debate. The association between induction chemotherapy and induction 
radiation therapy seems to provide benefits in term of tumor and lymph nodes 
response, which do not appear to translate into improvement in long-term sur-
vival [24].

 Chemoradiotherapy Alone

When occult N2 disease is discovered at the time of surgery, another treatment 
option could be to abort the planned resection and to administer definitive chemora-
diation. In 2009, Albain et al. [25] published the results of a randomized controlled 
trial that compared chemoradiotherapy alone with chemoradiotherapy followed by 
surgical resection in patients affected by potentially resectable N2 disease. Five-
year progression-free survival was statistically different between the two groups in 
favor of surgery (22% vs. 11%), and the pattern of recurrence was different: patients 
who underwent surgery had a 10% local recurrence incidence versus 22% in the 
control arm. Overall survival at 5 years was also superior in the surgery group; how-
ever, this result was not statistically significant (27% vs. 20%).

Interestingly, the type of surgical resection significantly affected the survival 
rate. For patients who underwent lobectomy after chemoradiation there was a clear 
survival advantage compared with matched controls in the non-operative arm 
(median survival 34 months vs. 22 months, 5-year 36% vs. 18%, respectively). The 
same was not found for patients in whom the surgical resection consisted of a pneu-
monectomy (median survival 19  months vs. 29  months, 5-year 22% vs. 24%, 
respectively). Therefore, based on this study, it is possible to affirm that the risks 
and benefits associated with chemoradiotherapy and surgery should be carefully 
evaluated on a case-by-case basis, and the more correct treatment strategy should be 
decided by a multidisciplinary team of experts.

 Conclusions and Recommendation

The use of the term “unexpected” N2 implies mediastinal nodal involvement dis-
covered intraoperatively in the course of lung resection surgery despite accurate 
clinical and, if indicated, invasive mediastinal staging. These cases should be distin-
guished from those of patients with ignored N2 disease (enlarged lymph nodes at 
CT scan or PET-positive nodes but no biopsy specimen) and underappreciated N2 
(known high risk of false negative CT or PET findings but no biopsy specimen).

According to this definition, the problem of unexpected N2 disease occurs in 
about 10% of surgical patients (5–16%) [10, 11]. The main therapeutic alternatives 
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that have been analyzed include the continuation of the surgical procedure com-
pared to its interruption in favor of an induction treatment (chemotherapy or chemo-
radiotherapy) or of definitive non-surgical treatment. As a corollary of this first 
decision option, an attempt was made to clarify, in the case of surgical continuation, 
by which approach (open surgery versus VATS) to complete the resection and to 
perform the lymphadenectomy. We found no studies in the literature that objectively 
compare these three alternative treatment strategies specifically for patients with 
unexpected N2 disease. Therefore, we can only infer our conclusions from studies 
that include patients with clinically evident N2 disease.

Leaving these limitations aside, the analysis of the papers seems to generally 
show that neoadjuvant therapy appears to offer a survival benefit compared to surgi-
cal resection alone. Even worse results are evident in the studies of definitive 
chemo-radiotherapy treatment, which should not be considered in the setting of the 
unexpected N2.

The same conclusion was reported by Ferguson et  al. [26], who in 2003 per-
formed a decision analytic study that modeled survival for patients who were treated 
by initial resection for clinically unexpected N2 nodal disease with survival for 
patients undergoing resection after neoadjuvant therapy for N2 nodal disease. The 
no-initial resection resulted in a better median survival (2.1 years vs. 1.7 years) and, 
therefore, the author concluded that when clinically unexpected N2 disease is dis-
covered at time of surgery, delaying resection until after completion of neoadjuvant 
therapy is beneficial.

Some additional considerations, in this context, are provided by Detterbeck [27], 
who published a systematic review regarding the intraoperative management of 
patients with unexpected N2 disease. Among the main positive prognostic factors 
that influence the survival of these patients, complete resection (R0) and single- 
level lymph node involvement have emerged among the most important ones. The 
author also reiterated the fundamental importance of performing a complete lymph-
adenectomy and of associated adjuvant therapies in order to improve the survival of 
these patients. Unfortunately, according to the literature, adjuvant therapies are 
delivered only in approximately 65% of cases.

This assumption is also confirmed by some of the studies reported in Table 16.2: 
in the study of Lee [13] less than 50% of patients underwent post-operative chemo-
therapy while in the other retrospective series (excluding the study of Cerfolio [10]) 
it was not possible to extrapolate this data.

Presumably, one of the main reasons why adjuvant treatments are delivered only 
to a limited proportion of N2-positive patients is that surgery often is accompanied 
by additional morbidity, which results in patients being unfit for postoperative ther-
apies. In this context, the role of the surgical approach is a further element to be 
considered. As mentioned above, there is now evidence that the VATS approach 
allows performance of a systematic lymphadenectomy equivalent to that achievable 
by thoracotomy [17], and allows at the same time reduced morbidity and faster post- 
operative recovery [3–8]. Therefore, in the near future, it is expected that, with the 
growing confidence and the expanding indications of VATS worldwide, a higher 
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proportion of patients will be able to undergo an adjuvant treatment for their N2 
disease than the percentage reported by the literature so far.

In conclusion, in cases of intraoperative finding of mediastinal lymph node 
involvement, based on the results reported for the different therapeutic options, we 
believe it is appropriate to proceed with surgical resection at that time, provided that 
is possible to perform a complete resection and a systematic lymphadenectomy. 
This resection can be safely performed with a VATS approach since this technique 
is not inferior to the open procedure in guaranteeing the two fundamental assump-
tions previously discussed. The advantage of an earlier functional recovery of 
patients that is offered by thoracoscopy will translate into a greater ability of patients 
to undergo postoperative adjuvant therapy. The results of this therapeutic combina-
tion are comparable with those reported for patients treated by induction therapy 
and surgical resection, and, importantly, the morbidity and mortality associated with 
an exploratory surgical procedure are avoided.

 A Personal View of the Data

The correct evaluation of mediastinal lymph node involvement is a very common 
issue in thoracic surgery. A thorough preoperative lymph node staging is mandatory 
to determine the clinical N2 cases that should be referred for pre-operative neoadju-
vant treatment. For patients with negative mediastinal staging (cN0-N1), thoraco-
scopic surgical resection (VATS) has now become the standard approach. In our 
opinion, if N2 nodal involvement is found at the time of surgical resection and all 
the involved lymph nodes and the primary tumor are technically resectable, then the 
surgeon should proceed with the planned thoracoscopic lung resection along with a 
mediastinal lymphadenectomy. Post-operative adjuvant treatments should be added 
to the therapeutic management of these patients to improve long-term survival.
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 Introduction

Complete surgical resection is the primary treatment for patients with stage I and II 
non-small cell lung cancer (NSCLC) as well as for selected patients with stage III 
disease. Patients with larger tumors and locoregional node-positive disease are more 
likely to develop distant metastatic disease, even when an R0 resection is achieved. 
We recently showed that, even in patients with an R0 resection and pN0 disease, the 
likelihood of developing metastases increased significantly based on tumor size [1]. 
Multiple international randomized phase III trials, initiated in the 1990s and reported 
in the early 2000s, confirmed that platinum-based adjuvant chemotherapy following 
surgery confers an absolute overall survival benefit of 5% at 5  years [2–4]. 
Interestingly, in several phase II and phase III trials, outcomes were similar between 
neoadjuvant chemotherapy and chemoradiotherapy [5–7]. To improve long-term 
survival for patients with early-stage lung cancer beyond the marginal increases 
noted above, further investigations into potential therapeutic alternatives are 
required.

Immune checkpoints constitute a distinct pathway that is endogenous to a healthy 
immune system and serves to maintain self-tolerance. Although an endogenous 
immune response to cancer has been observed in some preclinical and clinical mod-
els, the response is often ineffective because neoplastic cells develop multiple 
escape mechanisms to avoid immune recognition, including immune suppression, 
induction of tolerance, and T-cell signal dysfunction [8]. Immune checkpoint inhib-
itors (ICIs) are monoclonal antibodies that were developed to enhance antitumor 
immunity. ICIs target negative regulators of T-cell function on the cancer cell 
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surface and facilitate tumor antigen recognition and subsequent immune-mediated 
cytotoxicity [9]. Although there are potentially many receptor targets, ICIs have 
been developed to bind two main costimulatory T-cell surface receptors: pro-
grammed cell death protein 1 (PD-1) or its ligand (PD-L1) and cytotoxic 
T-lymphocyte–associated protein 4 (CTLA-4).

Results of several randomized phase III trials show a significant overall and 
disease- free survival advantage for single-agent ICIs compared with standard 
cisplatin- based doublet chemotherapy in certain subsets of patients with metastatic 
NSCLC [10–13]. More recently, results from the PACIFIC trial demonstrated 
progression- free survival of 16.8 months for sequential chemoradiotherapy and dur-
valumab, compared with 5.6 months for chemoradiotherapy and matching placebo, 
among patients with unresectable stage IIIA/B NSCLC [10]. Importantly, in these 
large randomized clinical trials, a durable response has been seen in approximately 
20% of patients treated with ICIs either in combination with chemotherapy or as 
monotherapy [12, 14–17].

Following the promising results for ICI therapy in the metastatic and locoregion-
ally advanced settings, it was logical to investigate the potential efficacy of ICIs in 
the neoadjuvant setting for resectable earlier stage NSCLC. Advantages of the neo-
adjuvant approach include patient tolerability, significant antigen load with the 
tumor in situ, and pathologic assessment of tumor response, most frequently mea-
sured as major pathologic response [18]. However, the safety of induction immuno-
therapy before pulmonary resection is not well-known, and concerns about an 
intense posttreatment desmoplastic response, resulting in technical challenges and 
patient safety issues, exist. Therefore, an assessment of perioperative risk in patients 
receiving induction immunotherapy followed by pulmonary resection for lung can-
cer is needed.

 Search Strategy

A literature search of all English language publications from 2012 to 2019 was 
performed to identify published data on operative risk after induction immunother-
apy (Table 17.1). The PubMed and Google Scholar databases were queried. Search 
terms included “induction immunotherapy,” “immune checkpoint inhibitors,” and 
“neoadjuvant immunotherapy” each combined with each of “thoracic surgery/peri-
operative risk,” “lung cancer resection/complications,” and “pulmonary resection/
safety.” Owing to the low volume of published manuscripts on the subject, abstracts 
from ongoing prospective trials were included for our reference material.

Table 17.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients with 
regionally advanced 
resectable non-small 
cell lung cancer

Standard induction 
therapy followed by 
pulmonary resection

Induction therapy including 
immunotherapy followed 
by pulmonary resection

Surgical 
feasibility
Complications
Mortality
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 Results

Published clinical trial data on operative risk after ICI therapy are limited to two 
prospective trials (NCT02259621 and TOP1201 [NCT01820754]). Results from the 
NCT02259621 trial on induction immunotherapy in patients with resectable lung 
cancer (n = 21) were published in 2018. Researchers from Memorial Sloan Kettering 
Cancer Center and Johns Hopkins University administered two doses of neoadju-
vant nivolumab, a PD-1 inhibitor, before surgical resection for clinical stage IB-IIIA 
NSCLC, to assess safety and feasibility [19, 20]. The second study, by Yang et al., 
reported preliminary data from the TOP1201 (NCT01820754) study, an open-label 
phase II trial in patients with clinical stage II-IIIA NSCLC (n = 13) treated with 
neoadjuvant ipilimumab (a CTLA-4 inhibitor) and paclitaxel plus either cisplatin or 
carboplatin, compared with standard chemotherapy [21].

Bott et al. published a single-institution retrospective study of 19 patients who 
underwent 21 pulmonary resections between 2012 and 2016 for advanced NSCLC, 
previously unresectable NSCLC, and other tumor types with metastases to the lung 
[22]. The research team evaluated all patients treated with immunotherapy, includ-
ing nivolumab, pembrolizumab, and ipilimumab as well as combination nivolumab/
ipilimumab, who subsequently underwent definitive surgical resection. Fifty per-
cent of resections were lobectomies or greater, and the average frequency of immu-
notherapy was 21 doses (range, 1–70 doses).

 Hilar and Mediastinal Inflammatory/Fibrotic Disease

One of the putative side effects of immunotherapy is an enhanced desmoplastic and 
inflammatory response that is most notable around hilar structures, including lymph 
nodes, bronchi, and segmental pulmonary arteries. Thoracic surgeons are already 
aware of similar tissue responses when operating on patients who received induc-
tion chemotherapy, and perhaps even more so with patients who received chemora-
diotherapy. The above-mentioned clinical trials and retrospective study included 
cases with dense, sometimes vascularized adhesions between the chest wall and the 
primary tumor, the lung hilum and the mediastinum [22, 23]. It could be hypothe-
sized that this inflammatory process portends an improved pathologic response to 
immunotherapy, but there are no clear data to support this assertion. Increased 
inflammation, fibrosis, and loss of tissue planes can certainly make mediastinal and 
hilar dissections technically challenging. Unfortunately, preoperative imaging 
poorly predicts the extent or lack of extent of inflammation or fibrosis after immu-
notherapy. In fact, several studies, including the NCT02259621 trial, have sug-
gested that posttreatment radiographic response significantly underestimates major 
pathologic response [19].

Operative duration, blood loss, and transfusion requirements in the described 
studies were not significantly different from values for historical cohorts of patients 
treated with neoadjuvant chemotherapy. Importantly, in the NCT02259621 (induc-
tion nivolumab) and TOP1201 (induction ipilimumab) trials, the complete resection 
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(R0) rates were 95% and 100%, respectively. There was, however, an increased 
need to convert from a minimally invasive to an open thoracotomy approach [20–
22]. Although this is likely related to the higher T stage of the tumors and the greater 
prevalence of node-positive disease, it is also possible that some of the conversions 
were secondary to previously described postimmunotherapy inflammatory changes. 
However, neither study has strong data to support this assertion. Importantly, there 
was no operative mortality in any of the studies (Table 17.2).

It is worth noting that the nomenclature and classification describing the treat-
ment response after immunotherapy are not well-defined. Although previous authors 
have used terms such as “fibrosis,” it is unclear whether this process would take 
place over the several week duration from therapy to surgery [20]. Collectively, 
among thoracic surgeons, there is a need for better terminology to intraoperatively 
quantify induction immunotherapy tissue responses so that appropriate correlations 
can be made with pathologic response, need for conversions, and patient outcomes.

 Complications

Most of the data regarding immunotherapy-related toxicities are derived from the 
literature on advanced and metastatic NSCLC [24, 25]. A wide range of systems can 
be affected—most commonly, the gastrointestinal tract, endocrine glands, and 
skin—however, no prospective trials have characterized treatment strategies for this 
diverse array of side effects. Immunotherapy-related adverse events (irAEs) range 
from rash and pruritus to life-threatening pneumonitis. The most common irAE is 
cutaneous rash: approximately 40–60% of patients treated across all ICIs report 
symptoms of rash [26]. In the two prospective trials mentioned above, most compli-
cations were minor, either grade 1 or grade 2. The TOP1201 trial used a single- 
center surgery database comprising 42 patients who received preoperative platinum 
doublet chemotherapy to informally compare side-effect profiles. The authors 
observed no detrimental effects with the addition of ipilimumab compared with 
standard-of-care neoadjuvant chemotherapy [21]. Nevertheless, there is ample evi-
dence in the literature that significant adverse events occur after the use of ICIs.

Diarrhea-related colitis is commonly seen in patients treated with ICIs [25]. In 
the TOP1201 trial, two patients experienced a delay in surgery of up to 4 weeks and 
5 weeks, respectively, due to ipilimumab-induced diarrhea [21]. Case reports have 
demonstrated the efficacy of steroid therapy or immunosuppressive medications, 
such as infliximab, for the treatment of immune-related colitis [27]. The reporting 
on the TOP1201 trial does not characterize the severity of colitis, nor does it report 
the choice of treatment regimen. Bott et al. and Ford et al. did not report diarrhea- 
related irAEs, and no delays in time to surgery were observed with neoadjuvant 
nivolumab in these studies [19, 22].

Pneumonitis is a rare but potentially life-threatening complication of ICI use, 
particularly in patients who receive combination immunotherapy. A large multi-
center retrospective review identified a wide variation in the onset of symptoms 
(9 days to 19.2 months), with varying disease severity (grade 1–5) [28]. Ten percent 
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of patients in the CheckMate 012 trial treated with combination ipilimumab and 
nivolumab and 4% of patients in the KEYNOTE-001 trial treated with pembroli-
zumab developed pneumonitis [13, 29]. This side effect is particularly concerning 
in patients with lung cancer who potentially require curative resection [30]. In the 
study from Bott et al., there was one case of postoperative pneumonitis in the con-
tralateral lung, which required postoperative reintubation. The same patient was 
eventually extubated and made a full recovery, undergoing a subsequent completion 
lobectomy 3 months after the initial procedure [22]. One patient in the TOP1201 
trial developed ipilimumab-induced pneumonitis [21].

ICI-induced endocrinopathies represent a wide range of irAEs that are inherently 
challenging to diagnose due to their nonspecific presenting symptoms, including 
fatigue, nausea, and headache. Hypothyroidism and hyperthyroidism are the most 
common endocrinopathies, with incidences reported as high as 10% [15]. Symptoms 
are often transient but can pose additional risks in the perioperative period. For this 
reason, thyroid function tests are monitored throughout treatment to ensure diagno-
sis before symptom presentation [31]. Adrenal insufficiency is also clinically rele-
vant for this patient population because of the potential hazards associated with 
surgical intervention [32]. Of note, three patients from the TOP1201 trial who 
received ipilimumab went on to develop adrenal insufficiency [21].

There were no operative-related deaths at 30 and 90  days postoperatively in 
either prospective trial or the retrospective study. In fact, in TOP1201, there were no 
reported deaths at 2  years for patients treated with immunotherapy and surgical 
resection [21] (Table 17.2). Of note, one patient in the Bott et al. study died from an 
unrelated traumatic injury at 61 days [22].

 Future Studies

There are currently three phase I trials, 26 phase II trials, and five phase III trials 
investigating induction immunotherapy regimens in patients with operable 
NSCLC.  All trials are investigating locally advanced or early stage lung cancer, 
with the exclusion of stage IA disease. Some studies are evaluating ICI monother-
apy (LCMC3, SAKK 16/14, NEOMUN, MK3475-223), whereas others are looking 
at dual-ICI therapy (J1414, NEOSTAR), based on findings reported for advanced 
NSCLC [33–38].

Although conclusive evidence is not yet available, some studies have released 
preliminary safety data, including two studies presented at the 2019 American 
Society of Clinical Oncology annual meeting [33, 35]. The interim analysis from 
the Lung Cancer Mutation Consortium (NCT02927301) study on 101 out of a 
planned 180 patients with stage IB-IIIB NSCLC receiving two cycles of induction 
atezolizumab monotherapy was presented. Immunotherapy was well-tolerated, with 
only two non-ICI–related deaths reported [35]. Similarly, early results from the 
NEOSTAR (NCT03158129) trial—a multiarm phase II study of 44 patients with 
stage I-IIIA (N2) NSCLC treated with induction nivolumab or combination 
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nivolumab and ipilimumab—were presented. Surgical complications included two 
postoperative bronchopleural fistulas (4.5%) and eight cases of prolonged air leak 
(18.2%). Importantly, eight patients (22%) had an unspecified delay to surgery 
beyond 42 days (three in the nivolumab arm and five in the nivolumab and ipilim-
umab arm). The authors categorized 40% of resections in the NEOSTAR trial as 
“more complex than usual,” and this difficulty was not associated with increased 
pathologic response (i.e., better pathologic response to therapy) [33]. The Spanish 
NADIM trial (NCT03081689) reported no adverse events following carboplatin and 
paclitaxel chemotherapy and nivolumab prior to resection and had no delays in sur-
gery in their preliminary report of 30 patients [34].

 Conclusions and Recommendations

While the early results for ICI monotherapy are promising, there is inadequate evi-
dence to determine whether ICIs confer increased operative risk compared with 
traditional chemotherapy or chemoradiotherapy induction regimens. With few pub-
lished studies, ICIs before surgical resection remain a potentially feasible alterna-
tive or supplement to standard cytotoxic chemotherapy. These early findings, almost 
exclusively with ICI monotherapy, reveal a good pathologic response rate, with high 
rates of R0 resection [20, 21]. Within these selected studies, surgical resections may 
be more technically challenging because of increased inflammation, fibrosis, and 
loss of normal tissue planes, particularly in the hilum and perivascular regions. 
However, these early reports include few patients and are largely anecdotal. 
Moreover, no formal grading system for assessment or characterization of these 
changes after immunotherapy exists, which makes the problem even more challeng-
ing. Compared with current chemotherapy/radiotherapy induction therapies, immu-
notherapy regimens were not associated with an apparent increase in observed 
adverse surgical outcomes. Although the initial oncologic and patient safety studies 
are encouraging, we await the results of the ongoing large randomized controlled 
trials to give a more rigorous assessment of operative risk and perioperative irAEs.

Recommendations
• Induction immune checkpoint inhibitors, when administered as monother-

apy, can be used without concern for undue morbidity and mortality or 
disproportionate treatment-related toxicity (evidence quality low; weak 
recommendation).

• Use of induction immunotherapy regimens should be performed in a mul-
tidisciplinary manner, preferably as part of a clinical trial, until sufficient 
evidence on surgical and overall oncologic outcomes becomes available 
(evidence quality low, weak recommendation).
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 A Personal View of the Data

Induction and adjuvant ICIs, either alone or, more likely, in combination with che-
motherapy, are almost certainly going to be used for operable NSCLC in the future. 
Although the published data currently do not offer a definitive assessment of opera-
tive risk, multiple ongoing phase III trials of induction chemotherapy and immuno-
therapy will address this question. Operative risk assessments from these studies 
should be published by the mid-2020s, while efficacy and comparison studies ver-
sus standard regimens will take longer. Personally, I do not believe operative risk is 
increased with monotherapy immunotherapy. I have seen denser, fibrotic adhesions 
intraoperatively following combined CTLA-4 and PD-1/-L1 inhibitor therapy, but 
that is clearly anecdotal. Perioperative irAEs are highly relevant for thoracic sur-
geons, and ongoing education is critical to minimize perioperative toxicities.
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 Introduction

Pulmonary resection for bronchogenic carcinoma is a morbid procedure. Regardless 
of how the procedure is performed—via thoracotomy, muscle sparing thoracotomy, 
video assisted single port or multiple ports or robotic assisted—the risks of compli-
cations are high and potentially life threatening. The mission of the operation, which 
is complete resection of the tumor and all lymph node basins, carries risk regardless 
of the incision. Pain is a major contributor to post-operative complications. 
Traditional pain management strategies are based on the use of narcotics. The side 
effects of narcotics are a significant complicating factor in an uneventful postopera-
tive recovery [1]. Any maneuvers that reduce the pain associated with pulmonary 
surgery will improve the postoperative outcome. Enhanced recovery after surgery is 
a set of modules designed for streamlining the perioperative course of the patient. It 
aims to reduce the psychological and physiological stress of surgery [2]. One aspect 
of enhanced recovery is intended to not only reduce pain but actually eliminate pain 
after surgery regardless of the size of the incision. The objective of this chapter is to 
review the practice of enhanced recovery pathways (ERP) after surgery, in particu-
lar the application of the pain module, and describe the effect of the latter on peri-
operative outcomes based on the latest evidence in the literature.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_18&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_18#ESM
mailto:Lm6yb@virginia.edu
mailto:Rjmehran@mdanderson.org
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 Search Strategy

A literature search of English language publications was used to identity published 
data on enhanced recovery after lung resection from January 2016 to October 2019 
(Table 18.1). The database searched was PubMed. Terms used in the search were 
“enhanced recovery”[Title/Abstract] OR “ERAS”[Title/Abstract] AND “thoracic” 
AND “english”[Language]. A total of 262 articles were identified. Articles were 
excluded if they specifically addressed cardiac surgery or esophageal surgery or did 
not involve lung resection (188 articles). Editorials and commentaries were also 
removed (20 articles), leaving 54 papers. Nine papers were excluded that did not 
specifically look at enhanced recovery programs as a whole. One paper was added 
that was in press (total of 46 articles). Abstracts of these 46 papers were reviewed; 
28 papers were excluded due to (1) review or narrative descriptive article, (2) out-
comes not pertinent to specified outcomes for this chapter, or (3) article quality not 
pertinent to North American standards. Two randomized controlled trials, nine 
before/after cohort studies, two prospective cohort studies, one retrospective cohort 
study, one guideline, one systematic review, and two review articles were included 
in our analysis. The data was classified using the GRADE system.

 Results

Guidelines were recently published and delineate each component of ERP for tho-
racic surgery in detail, with levels of evidence and recommendations [3]. The results 
of the search described above are listed in Table 18.2.

Fast-track pathways have been in existence for 20–30 years. The goal of reduc-
ing variability in care delivery is intuitively useful. Enhanced recovery takes that 
concept a step further, with the overarching goal of reducing the psychological and 

Table 18.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients with cancer 
undergoing lung 
resection

Enhanced recovery 
pathway

Standard recovery 
pathwaya

Mortality
Morbidity readmission 
rate
Patient reported 
outcomes
Pain scores
Opioid use
Return to intended 
oncologic therapy
Length of hospital 
stay
Cost

LOS length of stay
aIn some cases comparison was between interventions with both groups on an Enhanced 
Recovery Pathway

L. W. Martin and R. J. Mehran
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physiologic stress of surgery, achieving short-term homeostasis and mid-term return 
to normal functional status as soon as possible. It is more about the quality, rather 
than the speed, of recovery. More recent focus on use of opioid sparing regimens 
has galvanized interest in these pathways in light of the epidemic of opioid over-
dose. Secondary benefits of reducing length of stay (LOS), complication rates, cost, 
and readmission rates are further motivation to consider implementation of an ERP.

 Complication Rates, LOS, Readmissions, Costs

Four papers have shown decreased complication rates, in the range of 30–50% 
reduction in overall and pulmonary and/or cardiac complications [4–7]. Six studies 
demonstrated a shortened LOS [5, 8, 9], including three looking only at VATS 
resections managed on an ERP [6, 10, 11]. One study showed no difference in LOS 
for VATS on or off ERP, however the ERP was minimally different than the com-
parator group [12]. There is more room for impact on LOS for thoracotomy patients, 
who have historically had longer stays than VATS patients; these data support that 
there is still benefit of an ERP in a VATS population to decrease duration of hospi-
talization. Three publications indicated no difference in readmission rates [5, 9, 12], 
which is important in ensuring that the enthusiasm for early discharge has not led to 
higher readmission rates. With continued refinement of these pathways, the hope is 
that readmission rates will actually decline even with shorter LOS.

Three studies showed reduced costs, either hospital related [6, 9] or societal costs 
[4]. Data for this is emerging and comes from three different countries. The main 
driver of cost reduction is likely shortened hospital stay. Initiating an ERP for the 
primary goal of cost reduction is uncertain at this time; tracking costs and compar-
ing to historical numbers is advised within individual institutions.

 Opioid Use Reduction

One study has shown substantial (60–75%) opioid use reduction with ERP while 
achieving similar pain scores compared to pre-ERP regimens that primarily used 
patient controlled analgesia and thoracic epidurals [9]; another paper without a 
comparator group showed a low rate of schedule II narcotic prescriptions (10%) in 
conjunction with an ERP [13]. Avoidance of opioids is beneficial for minimizing 
side effects such as somnolence, respiratory depression, nausea, and constipation—
none of which is in line with principles of enhanced recovery. With the staggering 
death rates from drug overdose in the United States in recent years there is attention 
to how surgical pain is affecting patient addiction rates. As many as 14–24% of 
opioid naïve thoracic surgical patients are still filling narcotics prescriptions 90 days 
after surgery [14], compared to about 3% with most other types of elective surgery 
[15]. It is hoped that an opioid sparing ERP that successfully treats perioperative 
pain will lower the development of opioid dependent patients; so far there are no 
publications available to assess this. Finally, there is emerging data on adverse 
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effects of opioids on cancer outcomes [16], including the suggestion that opioids 
may have a mitogenic effect on cancer cells [17]. This is yet another reason to focus 
on opioid-sparing strategies for thoracic cancer surgery.

 Other Outcomes

A few studies have looked at specific outcomes comparing subgroups of patients 
already on an ERP. One study [18] compared use of patient-controlled analgesia to 
epidural and found epidural to be better. However this was not an opioid sparing 
approach, and the other components of the ERP were not well described in this 
study. Another paper looked at use of high flow oxygen in the setting of an ERP [19] 
and noted a shorter length of stay but no change in 6 min walk test, which was the 
primary endpoint of the study. Two papers [5, 20] have addressed the question of 
how ERP may remove differences between VATS and open lobectomy based on the 
idea that pain is the source of outcome differences, and if pain is well managed with 
an ERP, perhaps the two approaches are more similar in this setting. Both showed 
LOS of 4 days regardless of incision type and similar outcomes, even with inherent 
selection bias of more complex case/advanced stage and higher receipt of neoadju-
vant therapy in the thoracotomy group.

Other ways ERP may impact cancer outcomes includes the concept of RIOT—
return to intended oncologic therapy. A patient who has quickly and fully recovered 
from cancer surgery is more likely to proceed with prescribed chemotherapy and/or 
radiation compared to a patient who struggles with their recovery and has a poor 
performance status after surgery. It is logical that a patient who receives the full 
treatment recommended (e.g. four cycles of chemotherapy within 4–12 weeks of 
resection) and in a timely fashion will have a better cancer outcome than one who 
gets only one or two doses of chemotherapy in a delayed fashion [21]. Nelson and 
colleagues [22] found a >50% increase in the rate of delivering all prescribed adju-
vant chemotherapy in the setting of pulmonary resection on an ERP (62% received 
full dose compared to 40%), and it was given about 2 weeks earlier than before full 
implementation of ERP. In addition, the readiness for adjuvant therapy was equal 
between minimally invasive and open surgery.

 Limitations

There are important limitations in evaluating the quality of evidence for ERP inter-
ventions. Enhanced recovery program implementation requires buy-in across the 
institution because it affects patients at all phases of the surgical journey. Because 
nearly every provider who interfaces with the patient is involved, it is nearly impos-
sible to randomize the intervention. Due to the inherent challenges described, most 
comparative studies on ERP are a before/after implementation. While this influ-
ences the traditional strength of data assessment, it is the best we have and there is 
no good way to isolate the intervention.

18 Does an Enhanced Recovery Program for Lobectomy Improve Surgical Outcomes?
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There is also huge variability in the components of an ERP from one institution 
to the next. Several ERPs in this literature review don’t focus at all on opioid reduc-
tion. Patient teaching is optional in some studies. Rogers and colleagues [7] suggest 
the number of elements that are included and complied with influences the impact 
of ERP on outcomes. Despite efforts, it has not been possible to single out which 
components of an ERP have the most impact or cost-effectiveness.

Finally, when patient outcomes are under a quality microscope with develop-
ment of an ERP, there may be a Hawthorne effect in play. Any attention on quality 
and outcomes may improve those outcomes just by virtue of being the subject of 
study, rather than due to the ERP intervention itself. In our opinion, one should not 
argue with success if this occurs.

 Conclusions and Recommendations

Implementation of a thoracic ERP is recommended. Comprehensive ERPs allow for 
opioid reduction, return to oncologic therapy, potentially shorter LOS, and lower 
costs. Several papers have shown lower complication rates. They facilitate minimiz-
ing variability in patient care. Risks to patients of employing an ERP are low and 
chances of improving outcomes, costs, and opioid use are moderate to high. A thor-
ough review of existing guidelines and established programs should be used to tailor 
an ERP to an individual institution; multidisciplinary teams are needed to success-
fully establish an ERP. The presence or absence of ERP should be incorporated into 
outcomes databases such as STS and NSQIP as this is a currently unmeasured factor 
that can affect outcomes.

 A Personal View of the Data

ERP is the most important development in recent years in how we practice thoracic 
surgery. ERPs improve short term outcomes after major pulmonary surgery and 
decrease costs. They may also influence cancer outcomes by improving RIOT and 
by diminishing opioid exposure.

To start an ERP takes concerted effort and cannot be done solely by surgeons. It 
is strongly suggested to incorporate data collection and automatically flag charts 
(which is possible with many electronic medical records) to allow for tracking of 
standard outcomes, pain scores, fluid balance, opioid use, and costs. ERP is an itera-
tive process and should be reviewed every 3–6 months; the need for changes in 
protocol and re-education of providers should be expected. It is very challenging to 
adjust the protocol if outcomes are not tracked. It is financially beneficial to invest 

Recommendation
• Implementation of a thoracic ERP is recommended (evidence quality mod-

erate, strong recommendation).
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in the personnel and materials needed to develop an ERP, given the extensive cost 
savings to the institution. At University of Virginia, enrolling just over 5600 patients 
on nine specialty-specific ERPs in a 5-year period generated $9.6 M in additional 
hospital revenue relative to a $1.53 M investment in personnel and resources.

A last word on methods of pain control—this is not the primary focus of this 
chapter but is a critical consideration in designing an ERP. Many publications sug-
gest use of epidural catheters for pain management as part of an ERP. At our institu-
tions, we agree that regional anesthesia is favored but have completely done away 
with epidural use and moved to long-acting posterior intercostal nerve blocks. We 
have experience now with thousands of patients with this approach between our two 
institutions. Avoidance of epidurals facilitates early removal of urinary catheters 
and arterial lines (if used at all), makes it easier to minimize intravenous fluids as the 
hypotension that occurs with epidural use is not an issue, and takes away yet another 
tube tethering the patient to their hospital bed. There is convincing data on the effi-
cacy of nerve blocks with liposomal bupivacaine compared to epidural use [23, 24]. 
We feel strongly that the timing and method of nerve block is critical for efficacy 
[24] and the negative studies on liposomal bupivacaine rib blocks have not used a 
consistent or effective technique.
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 Introduction

Although lung cancer remains the leading cause of cancer death in the United 
States, the increase in low-dose CT screening after the publication of the National 
Lung Screening Trial has provided the opportunity to diagnose patients in earlier, 
more curable stages. Furthermore, an estimated 52% increase in lung cancer inci-
dence in the aging US population is anticipated between 2010 and 2030. Providing 
effective and affordable care for early stage lung cancer is a paramount concern [1]. 
There is uncertainty over which treatments are best for these patients, who often 
have important medical and cardiopulmonary comorbidities. For surgical candi-
dates, lobectomy is the gold standard for treatment of Stage I non-small cell lung 
cancer (NSCLC). Alternatively, in those who are not surgical candidates due to poor 
cardiopulmonary function or comorbidities, stereotactic body radiation therapy 
(SBRT) provides a useful alternative with adequate local control rates. In patients 
with adequate pulmonary function, however, the choice between resection and 
SBRT remains unclear. This chapter addresses the question of whether surgical 
resection or SBRT provides the best long term outcomes for operable patients with 
stage I NSCLC.

 Search Strategy

A literature search was completed using OVID Medline. MESH keyword terms 
included carcinoma, non-small-cell lung AND thoracic surgery, video-assisted OR 
thoracotomy OR resection AND radiosurgery (Table 19.1). The search was limited 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_19&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_19#ESM
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to the period between August 2009 and August 2019 and to publications in the 
English language. We identified 141 articles, which were then screened for studies 
comparing SBRT to surgical resection for stage I NSCLC, resulting in 27 appropri-
ate articles for this review. These articles and their references were thoroughly 
reviewed and pertinent studies referenced were also extracted for inclusion in the 
assessment.

 Results

 Surgical Resection

Surgical resection is a standard of care for patients with early stage NSCLC; 5 year 
survival rates after lobectomy are greater than 80% with recurrence rates of 0.07 per 
patient year [2, 3]. Historically, oncologic and overall survival outcomes were felt 
to be better after lobectomy for patients with T1-2N0 NSCLC compared to limited 
resection based upon the Lung Cancer Study Group [4]. More recent studies, how-
ever, have questioned these results and attempted to determine in which patients 
segmental or lobar resection may be appropriate. In a multicenter nonrandomized 
study in Japan, Okada et  al. demonstrated that for T1N0M0 NSCLC’s less than 
2 cm, sublobar resection demonstrated similar disease free and 5 year overall sur-
vival rates compared to lobectomy, although the study was not designed or powered 
to be a non-inferiority study. Sublobar resection was also associated with better 
post-operative pulmonary function [5]. Two more recent retrospective analyses by 
Nakamura and Zhao also suggested that VATS segmentectomy was not associated 
with worse overall survival or recurrence free survival compared with VATS lobec-
tomy in stage I NSCLC [2, 6]. Currently, there are two randomized trials that have 
completed enrollment and are in the follow up phase of comparing lobar versus 
sub-lobar resection. CALGB 14053 is a multicenter randomized non-inferiority 
trial expected to be completed in March 2021 and compares segmentectomy and 
wedge resection to lobectomy for small (≤2 cm) peripheral NSCLC [7]. In an early 
analysis, this study found no difference in perioperative morbidity and mortality and 
is awaiting long term follow up [8]. JCOG0802/WJOG4607L is also an ongoing 
phase III randomized non-inferiority trial in Japan comparing lobectomy with seg-
mentectomy for small (≤2 cm) peripheral NSCLC, and its last expected follow up 
is in August 2020 [9]. Finally, the STEPS trial began recruiting in January 2016 in 
China and is a phase III multicenter randomized trial comparing sublobar resection 
versus lobectomy in patients ≥70 years old with stage I peripheral NSCLC [10]. 

Table 19.1 PICO formatted terms for literature search

P (Population)
I 
(Intervention) C (Comparator) O (Outcomes)

Patients with resectable 
stage I NSCLC

SBRT Segmentectomy/
lobectomy

Overall survival
Cancer specific 
survival

C. Corvin and M. K. Ferguson
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Although lobectomy remains the standard of care for operable patients with stage I 
NSCLC, these ongoing trials may find that segmentectomy provides a good alterna-
tive with similar outcomes, while sparing lung parenchyma and improving post- 
operative pulmonary function. Wedge resection, on the other hand, has been 
associated with worse oncologic and overall outcomes, but may be appropriate in 
certain populations such as those with increased frailty or multiple comorbidities 
(Table 19.2) [11].

 Radiotherapy

Prior to stereotactic body radiation therapy (SBRT), also known as stereotactic abla-
tive radiation therapy (SABR), patients who were not operative candidates due to 
poor cardiopulmonary function or comorbidities had few treatment options. They 
were typically offered conventional radiotherapy or observation, but each of these is 
associated with poor outcomes. In a retrospective analysis for non-surgical candi-
dates with stage I NSCLC, McGarry et al. found no significant difference in median 
survival for those undergoing observation only vs. radiotherapy [12]. Three year 
overall and cancer specific survival after conventional radiotherapy are only 34% 
and 39%, respectively [12, 13]. SBRT provides a smaller irradiated volume using 
hypofractionated therapy, leading to a significantly higher localized daily dose over 
a shorter treatment course [14]. As a result, it has emerged as a viable alternative to 
surgery, with improved control and survival rates for these patients (Table 19.3).

Several trials have demonstrated the success of SBRT for inoperable stage I 
NSCLC patients. Concurrent prospective studies in the Netherlands and United 
States found that 3 year overall survival after SBRT for inoperable patients with 
stage I NSCLC was 43–60%. Rates of major toxicity after SBRT range from 10% 
to 30%, with the higher rates being for more central tumors [14–18]. The subse-
quent Radiation Therapy Oncology Group (RTOG) 0236 trial therefore included 
only patients with tumors more than 2 cm away from the proximal bronchial tree, 
and found that 3  year OS was 56%. Although local control in this study was 
acceptable, 22% of patients experienced disseminated failure [19]. This high rate 
of distant failure has also been demonstrated in other SBRT trials, suggesting the 
possible need for other adjuvant therapy in these inoperable stage I NSCLC 
patients [14].

More recent studies have evaluated SBRT in patients with stage I NSCLC who 
are potentially operative candidates. In the Japan Clinical Oncology Group study 
0403, 3 year overall survival was 77% for operative candidates compared with 60% 
for inoperable patients [14]. The RTOG 0618 multicenter prospective trial looked at 
the use of SBRT only in candidates suited for at least sublobar resection for periph-
eral stage I NSCLC, and found that 4 year overall and disease free survival were 
56% and 57%, respectively, with a disseminated failure rate of only 12% [18]. 
Based on these studies, SBRT clearly provides benefit for inoperable patients and 
those who refuse surgery, with much higher survival compared to observation or 
conventional radiotherapy.

19 Resection vs. SBRT for Stage I NSCLC in Patients with Good Pulmonary Function
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 Surgical Resection vs. Radiotherapy

Although surgical resection and radiotherapy are both good options for patients 
with stage I NSCLC, their relative efficacy remains unclear. Arguments in favor of 
SBRT include lower treatment related mortality and complications, outpatient treat-
ment, minimal reduction in pulmonary function after SBRT, and reduced costs com-
pared with surgical resection [20–23]. Treatment related mortality for SBRT is less 
than 0.5% compared to 1–2% for surgical resection [4, 24]. The rate of major toxic-
ity (grade 3 or higher) for SBRT in peripheral tumors is 12–16% and is comparable 
to the 16% complication rate for VATS resections; however, resections via thora-
cotomy are associated with a 31% complication rate [17–19, 25]. On the other hand, 
benefits to surgery include upstaging in 16–33% of patients, allowing for better 
decision making for adjuvant therapy [26–29]. Lobectomy and segmentectomy also 
resect draining lymph node basins in addition to the primary tumor, which may lead 
to better loco-regional control than SBRT.

To determine which therapy provides better overall survival, cancer specific sur-
vival, and lower morbidity, three randomized controlled trials, STARS, ROSEL, and 
ACOSOG Z4099 began enrollment [30–32]. Unfortunately, all three trials closed 
early due to poor accrual. Multiple groups have analyzed the data from these trials, 
including Chang et al., who found from a pooled data of STARS and ROSEL that 
3 year overall survival was significantly better for SBRT than surgical resection, 
95% vs. 79%, but there was no significant difference in recurrence free survival, 
86% vs. 80%. When analyzed separately, however, the difference in overall survival 
was significant only for STARS and not for ROSEL patients [33]. This analysis has 
received much criticism for suggesting that SBRT was equally effective and poten-
tially superior to surgical resection in terms of overall survival. Critics highlighted 
the fact that the analysis was based on two non-inferiority studies that accrued only 
4% (22/960 and 36/1030) of the patients expected to be needed to prove non- 
inferiority. The sample was not large enough to adequately detect adverse events or 
compare underlying differences in the two treatment arms and cannot be generaliz-
able to a larger population. The validity of this and similar analyses should therefore 
be questioned and should not be used to guide clinical practice [30, 31, 33–35].

In the absence of any completed randomized trials, many authors have attempted 
to answer whether SBRT is equivalent to surgical resection via retrospective analy-
ses. Historically, however, most SBRT patients are not surgical candidates due to 
comorbidities or poor cardiopulmonary function, which also lead to worse 
outcomes. To account for these differences, many studies utilize propensity score 
matching to find comparable surgical and SBRT patients. For example, Crabtree 
et  al. utilized a matched comparison and found significant advantages in 3  year 
overall and disease free survival after surgery, regardless of resection type [26]. 
When examining outcomes of these studies, however, one key consideration is 
whether segmental and wedge resections are grouped together in the analysis, as 
their outcomes may differ. Smith et al. found retrospectively that segmentectomy is 
associated with better overall survival and cancer-specific survival than wedge 
resection, although overall survival was not significantly different for patients older 
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than 70 [11]. This may be related to parenchymal margin status, nodal upstaging, 
and nodal stations sampled [36]. Therefore, the focus of the current analyses is on 
comparisons between SBRT and specific surgical resections, including lobectomy, 
segmentectomy, and wedge resection.

Lobectomy for early stage NSCLC has been retrospectively compared with 
SBRT by several authors. For the most part these studies, including those by Bryant 
et al. and Hamaji et al., have found that lobectomy is associated with higher overall 
(69% vs. 37%) and cancer specific survival (84% vs. 57%) with greater all cause 
and cancer specific mortality for SBRT (HR 1.38, 1.45) [24, 37]. Robinson et al. 
also found a similar increase in overall survival for lobar resection, but no signifi-
cant difference in cancer specific survival [28]. Based on available evidence, lobec-
tomy for patients with stage I NSCLC leads to higher overall survival and likely 
cancer specific survival than SBRT.

For sublobar resection, outcomes are less clear. Unfortunately, many retrospec-
tive comparisons between SBRT and sublobar resections group segmental and 
wedge resections together even though their outcomes may differ [2, 6, 11, 36]. 
These studies include those by Matsuo et  al., Bryant et  al., and Chen et  al., the 
results of which are included in Table 19.4. When segmental and wedge resection 
are individually compared with SBRT, however, researchers do in fact find better 
overall and cancer specific survival with segmentectomy for patients with stage I 
NSCLC. Analysis of the Surveillance, Epidemiology, and End Results Medicare 
registry demonstrated worse overall and cancer specific survival for SBRT com-
pared with segmentectomy (HR 1.55), but no difference between SBRT and wedge 
resection [38].

For wedge resection, on the other hand, it is less clear that there is a survival 
benefit compared to SBRT. A retrospective analysis comparing SBRT and wedge 
resection found that, while overall survival was significantly different (87% for 
wedge vs. 72% for SBRT), there was no significant difference in cancer specific 
survival (94% vs. 93%). These groups, however, differed significantly in their 
comorbidity scores and ages, which could have biased overall survival in favor of 
wedge resection [39]. Port et al. found no difference in 3 year overall survival, but 
did find a difference in 3 year recurrence free survival in favor of wedge resection 
[27]. Further studies are need to determine if there are patients that may benefit 
more from SBRT than wedge resection.

For operable patients with stage I NSCLC, lobectomy and segmentectomy 
appear to provide superior outcomes compared to SBRT, while wedge resection 
may be equivalent. The benefit patients receive from surgery compared with SBRT 
may vary from patient to patient depending on comorbidities and overall life expec-
tancy. Several studies have looked at elderly patients, who tend to be frail with a 
lower overall life expectancy. These studies have found higher mortality at 30 days 
and 6  months after surgery, but better survival and locoregional control after 
6 months for the patients receiving surgery [40, 41]. The decision of whether to 
pursue resection or SBRT in these patients may also depend on the size of the tumor. 
Even in older patients with more comorbidities, surgical resection provides better 
outcomes for tumors larger than 2 cm in diameter [42]. Therefore, in patients who 
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have a life expectancy of greater than 3 years, surgical resection remains the treat-
ment of choice. For patients with tumors less than 2 cm who have less than 3 years 
of overall life expectancy due to comorbidities and frailty, it would be reasonable to 
consider SBRT over surgical resection.

 Conclusions and Recommendations

In operative candidates, lobectomy should be offered over SBRT based on moderate 
quality evidence. There is weak evidence that segmental resection provides better 
overall and cancer specific survival compared with SBRT in borderline operable 
patients. There is likely no significant difference in survival outcomes between 
wedge resection and SBRT, although further evidence is needed. For patients with 
tumors less than 2 cm in diameter whose life expectancy is less than 3 years due to 
frailty or comorbidities, it would be reasonable to consider SBRT over surgical 
resection based on discussions with the patient. Morbidity is similar between VATS 
resections and SBRT, though SBRT has a higher morbidity with more central tumors 
and surgical resection has a higher morbidity if done via thoracotomy. SBRT can be 
completed in a few outpatient sessions whereas patients who undergo VATS often 
only require a few day hospital stay or can even be done as an outpatient with wedge 
resection. With better technique and post-operative care, procedure related mortal-
ity for surgical resection is approaching that of SBRT.

 A Personal View of the Data

When patients with early stage non-small cell lung cancer present to clinic, the 
proper treatment depends on the patient’s level of frailty, comorbidities, and pul-
monary function. If the patient is overall healthy with good pulmonary function, 
they should be offered a VATS lobectomy. If the patient has decreased pulmonary 
function or is at higher risk of a second primary NSCLC in their lifetime due to 
a prolonged smoking history or multiple nodules on imaging, we would consider 

Recommendations
• For patients with medically operable stage I NSCLC, we recommend 

lobectomy as the standard treatment (evidence quality high; strong 
recommendation)

• For patients who are borderline operative candidates, we recommend seg-
mentectomy over SBRT if feasible (evidence quality low, weak 
recommendation).

• In patients with a limited life expectancy due to frailty or comorbidities, 
we recommend considering both wedge resections and SBRT as treatment 
options, especially for peripheral tumors <2  cm in diameter (evidence 
quality low, weak recommendation).

19 Resection vs. SBRT for Stage I NSCLC in Patients with Good Pulmonary Function
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offering them a VATS segmental resection if the tumor location is amenable. 
Finally, for operative candidates who are higher risk for surgery and have a 
decreased life expectancy due to frailty or comorbidities, we would include both 
VATS wedge resection and SBRT in our discussion with them as possible treat-
ment options in lieu of lobar or segmental resection. These patients are likely to 
not live long enough to experience the survival benefit associated with lobar and 
segmental resection, and are at increased risk of treatment related morbidity and 
mortality.
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20Do Endobronchial Valves Assist 
in Resolution of Postoperative  
Persistent Air Leak?

Laura Frye and Sean Stoy

 Introduction

An alveolar-pleural fistula (APF) is a communication between the alveoli and the 
pleural space which results in an air leak by allowing the free passage of air into the 
pleural space. An air leak lasting greater than 5–7 days, despite adequate conserva-
tive management, is classified as a persistent air leak (PAL). Persistent air leaks are 
common complications of thoracic surgery, most notably in patients undergoing 
lung volume reduction surgery (LVRS) or pulmonary resection [1]. In patients 
undergoing lobectomy the incidence of PAL is as high as 26% [1–3]. For those 
undergoing LVRS, DeCamp et al. found a 46% incidence of PAL after 7 days [4]. 
Patients with postoperative persistent air leaks incur significant morbidity, pro-
longed hospital stays, and associated increased costs [5].

Currently accepted management strategies for PAL include prolonged drainage 
via tube thoracostomy, occasionally utilizing ambulatory drainage valves, non- 
surgical pleurodesis via chemical or autologous blood patch instillation, and surgi-
cal repair employing a variety of techniques. Although reoperative surgery may help 
resolve an ongoing air leak, the procedures carry significant morbidity, driving the 
push for a less invasive effective management approach.

Recently and increasingly, a range of bronchoscopic maneuvers to isolate and 
treat the source of leak are being utilized. Anecdotal success has been described 
with the use of sealants, Watanabe spigots, metal coils, and airway stents [6–8]. 
Most recently, bronchoscopically placed one-way valves to temporarily occlude the 
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communicating airways have been successful [9]. These endobronchial valves 
(EBV) are appealing as they allow for continued clearance of bronchial secretions, 
reducing the risk of post-obstructive pneumonia, and are removable. This chapter 
will briefly outline the clinical relevance of postoperative air leaks and the risk fac-
tors for the development of PAL, and reviews the data evaluating the use of endo-
bronchial valves in the management of PAL.

 Search Strategy

A literature search was conducted in PubMed, EMbase, and Cochrane library for 
original studies published from 2004 to July 2019 on the use of endobronchial or 
intrabronchial one-way valves for treatment of postoperative persistent air leaks 
(Table 20.1). The search used the keyword of “valve” in conjunction with “air leak” 
or “postoperative air leak” or “bronchopleural fistula” or “alveolar-pleural fistula”. 
Articles were excluded if the patient demographics did not include postoperative 
thoracic patients. Nine retrospective case series, three prospective case series, one 
systematic review, and four review articles were included in our analysis. The data 
was classified using the GRADE system.

 Results

One of the earliest reports of the successful use of endobronchial valves for air leaks 
of various etiologies was published by Travaline and colleagues in 2009 [9]. They 
described the experience at 17 centers in 40 patients with persistent air leaks over a 
4-year period. In this retrospective review, 93% of patients had improvement in air 
leak following valve placement with 48% having complete cessation of the leak. 
The mean time from valve insertion to chest tube removal was 21 days (median 7.5; 
interquartile range 3–29 days) and time from valve placement to hospital discharge 
was 19  ±  28  days (median 11  days; interquartile range 4–27  days). Of the 40 
patients, six experienced adverse events: one patient developed pneumonia, one 
valve had bacterial colonization, two patients had issues with valve placement itself 
(malpositioning and expectoration), and the remaining developed moderate 
hypoxemia.

The largest studies on endobronchial valves for PAL to date are two retrospective 
multicenter studies, one by Gilbert and colleagues in 2016 and the other by Fiorelli 
and colleagues in 2018. The studies included 75 and 74 patients respectively. In the 

Table 20.1 PICO formatted terms for literature search

P (Population) I (Intervention) C (Comparison) O (Outcomes)
Patients with a 
prolonged 
postoperative air leak

Endobronchial or 
intrabronchial valve 
placement

Conservative 
management or 
operative repair

Reduction in 
air leak
Cessation of 
air leak

L. Frye and S. Stoy
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Gilbert study, nearly three quarters of patients underwent valve placement for off- 
label use (53 of 75) [10].

The more recent study by Fiorelli evaluated a heterogeneous cohort of patients 
with persistent air leak as well, but 57% had specifically postoperative air leaks 
[11]. All patients in the study failed to improve with standard therapy. Endobronchial 
valves were placed in 67 patients following which a complete resolution of air leak 
was seen in 59 patients (88%), a reduction in six patients (9%), and no benefit in two 
patients (3%). Seven patients did not undergo valve placement due to an inability to 
isolate the source of the air leak. The comparison of data before and after valve 
treatment demonstrated a significant reduction in air leak duration (16.2 ± 8.8 days 
vs. 5.0 ± 1.7 days, p < 0.0001), time to successful chest tube removal (16.2 ± 8.8 days 
vs. 7.3 ± 2.7 days, p < 0.0001), and hospital length of stay (16.2 ± 8.8 days vs. 
9.7 ± 2.8 days, p = 0.004).

To better understand which patients are likely to respond successfully to balloon 
isolation and valve placement for persistent air leak, Majid and colleagues recently 
evaluated the role of collateral ventilation in IBV placement [12]. They utilized 
chest computed tomography to assess collateral ventilation. Collateral ventilation 
(CV) was considered present if the treated lobe was adjacent to a fissure that was 
<90% complete. They noted that the procedure was more likely to be successful in 
patients without collateral ventilation and those who had a shorter median time to 
air leak resolution. Endobronchial PAL treatment was most successful in patients 
without CV who achieved complete lobar occlusion with valve placement.

A more invasive approach to assessing fissure integrity and to quantify collateral 
ventilation is a catheter-based measurement using the Chartis Pulmonary Assessment 
System (Pulmonx Inc., Redwood, CA, USA). This system allows sealing of a lung 
compartment and measurement of air pressure and flow from the sealed compart-
ment. Based on this data, the Chartis system classifies collateral ventilation in a 
target lobe [13].

Additional less invasive CT correlates have been explored as the market for 
endobronchial valves has expanded with bronchoscopic lung volume reduction sur-
gery. If a degree of fissure integrity is necessary to trigger atelectasis and avoid 
significant interlobar collateral ventilation, additional quantitative CT correlates 
may provide complementary data comparable to that obtained by Chartis. Two such 
predictors are low attenuation clusters (LAC) and vascular volumetric percentage of 
patient’s detected smallest vessels/small vessel volume proportion (SVPVV). LAC 
is an index of terminal airspace enlargement and is a surrogate for intralobar col-
lateral ventilation. In a study by Schuhmann et al. they demonstrated that FI, LAC 
and SVPVV led to comparable results to Chartis [14]. This is particularly important 
given prior studies showing that up to 16% of subjects may not be able to be evalu-
ated with invasive approaches such as Chartis [15].

These non-invasive (fissure integrity, low attenuation clusters, and small vessel 
volume proportion) and invasive (Chartis) techniques provide insights into which 
patients are most likely to have a reduction or cessation in their air leaks following 
valve placement. In patients at increased risk for peri-operative complications the 
quantitative CT predictors may be preferred in an attempt to avoid administering 
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sedating medications or positive pressure ventilation if a therapeutic target cannot 
be identified.

A summary of case series of IBV and EBV use for a variety of indications as well 
as one summary report, including patient characteristics and procedural outcomes, 
is listed in Tables 20.2 (9, 10, 16–24) and 20.3 (9–12, 16–23). Overall success for 
valve use in postoperative patients does not appear to be related to the duration of 
air leak or which prior interventions were performed. The success rate for valve use 
is high, and the complication rate is low.

 Conclusions and Recommendations

Based on these case series as well as multiple case reports, the placement of IBVs 
and EBVs is a reasonable option for patients in whom conservative treatment has 
failed or who are poor surgical candidates for operative repair. The cost of endo-
bronchial valves can be justified in selected patients, those with evidence suggesting 
the lack of interlobar collateral ventilation, particularly if a reduction in hospital 
length of stay is achieved. To better understand cost-effectiveness, direct compari-
sons with other interventions is needed.

 A Personal View of the Data

Prolonged air leaks are a significant clinical problem in the postoperative patient. 
Alternatives to surgical correction utilizing less invasive management strategies 
have provided inconsistent results, however the development of endobronchial 
valves offers a new treatment option. There have now been multiple reports of suc-
cessful management of persistent air leaks in on-label and off-label indications but 
the scope of this role, indications, and efficacy require further investigation. In 
patients without collateral ventilation, valves offer a promising minimally invasive 
approach to ameliorating persistent air leak. In patients with evidence of collateral 
ventilation, valve placement may be unsuccessful due to the inability to induce atel-
ectasis at the site of the fistula and multiple segments may require occlusion for 
therapeutic success. Needed are prospectively conducted, randomized controlled 
clinical trials wherein valve treatment is compared to other modalities including 
non-surgical pleurodesis, other bronchoscopic techniques, surgical procedures, or a 
combination of these options.

Recommendation
• Placement of IBVs and EBVs is recommended for patients with persistent 

postoperative air leak in whom conservative treatment has failed or who 
are poor surgical candidates for operative repair (evidence quality low, 
weak recommendation).

L. Frye and S. Stoy
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21Is Long-Term Surveillance Effective  
After Resection of Stage I Non-small Cell 
Lung Cancer?

Seth T. Sankary and Mark K. Ferguson

 Introduction

Surveillance is an important component in the management of lung cancer survivor-
ship, but the optimal imaging strategy following resection of early stage NSCLC 
has not been well characterized. This topic is of growing importance as there are 
over 450,000 Americans living with NSCLC and that number is expected to increase 
22% by 2030 [1, 2]. With improvements in lung cancer screening, more patients are 
identified with early stage disease and undergo definitive surgical treatment [1, 3]. 
This results in a growing cohort of patients that have completed potentially curative 
therapy and become candidates for formal surveillance.

Clinicians utilize imaging surveillance with the goals of early recognition of 
asymptomatic locoregional recurrent disease, detection of a second primary lung 
cancer (SPLC), and management of patient fear and anxiety [4]. The risk of locore-
gional recurrence can be high depending on patient and tumor characteristics. 
Estimates vary widely with a range of 6–10% per year, which is highest in the first 
2 years. The risk of a SPLC ranges from 3% to 6% per year [5, 6]. A bimodal pattern 
of disease has been described with increased risk of recurrence at peaking at 2 years 
and the increased incidence of SPLC peaking at 6 years [7]. Despite the theoretical 
advantages of early surveillance, studies have failed to demonstrate a survival ben-
efit with frequent imaging [6–8]. In this chapter we review the literature to analyze 
the impact of surveillance imaging protocols on overall survival, early detection of 
locoregional recurrence or SPLC, and cost.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_21&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_21#ESM
mailto:Seth.Sankary@uchospitals.edu
mailto:mferguso@bsd.uchicago.edu
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 Search Strategy

A literature search of English language publications from 2010 to 2019 was used to 
identify published data on CT surveillance following surgical resection of Stage I 
NSCLC. Databases searched were PubMed, Google Scholar, Cochrane Evidence 
Based Medicine. MESH search terms included: “carcinoma, non-small cell lung/
surgery,” “neoplasm recurrence,” “metachronous second primary neoplasms,” 
“population surveillance,” “computed tomography,” “survival,” “mortality,” “cost” 
(Table 21.1). Articles were excluded if they included primary non-surgical treat-
ment of disease. We identified three comparative retrospective cohort studies, two 
retrospective analyses, one prospective cohort study, one meta-analysis review, and 
five guidelines that addressed components of our patient population, interventions, 
comparators, and outcomes. We additionally reviewed publications referenced by 
articles found in our initial search. The data was classified using the GRADE system.

 Results

 Overall Survival

Multiple studies in our search compare CT scan to no imaging or CXR alone 
(Table 21.2). Backhus et al. studied a large Medicare cohort of 4421 patients who 
underwent resection for Stage I or II NSCLC and found no survival benefit whether 
CT scan or no imaging occurred at the initial episode of surveillance. In subgroup 
analysis of Stage I patients they describe a 15% reduced risk of death HR 0.85 [95% 
CI 0.74–0.98] compared to no imaging, however there was no difference in lung 
cancer specific survival (HR 1.03 [95% CI 0.85–1.26]) [9]. Crabtree et al. demon-
strated that among patients with a subsequent malignancy, time to diagnosis was 
shorter for those who received CT surveillance vs. CXR (1.93 years vs. 2.56 years; 
p = 0.046). Despite the improved time to diagnosis, 5 year cancer-specific survival 
was not significantly different (39.1% for CT vs. 50.7% for CXR; mean 4.47 years 
vs. 6.51 years; p = 0.353) [6].

Studies in our search also attempted to discern whether more intensive surveil-
lance frequency would improve survival. McMurry et  al. used the robust SEER 
database to compare survival in patients who were followed every 3 months vs. 
6 months vs. 12 months and found no difference in survival between any groups 
(6 months relative to 3 months HR 1.12 CI: 0.98–1.29 p = 0.09; 12 months relative 

Table 21.1 PICO formatted terms for literature search

P (Patients) I (Intervention)
C 
(Comparator) O (Outcomes)

Patients with stage I 
NSCLC following 
definitive surgical 
resection

Regular CT 
surveillance

No CT 
surveillance

Survival, diagnosis of 
recurrent disease, diagnosis of 
SPLC, cost, quality of life

S. T. Sankary and M. K. Ferguson
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to 3 months HR 1.06 CI: 0.86–1.31) [10]. In a meta-analysis of eight largely retro-
spective cohort studies, Calman et al. used aggregate survival data and found no 
significant improvement in intensive follow-up vs. standard surveillance (HR 0.83 
(0.66–1.05) p = 0.13) [8].

 Recurrence

Many authors found that CT scan was a superior tool to diagnose asymptomatic 
locoregional disease recurrence. Recurrence risk in early stage NSCLC can be 
defined by location and extent, including local, locoregional, and distant recurrence, 
with each portending a worse median overall survival [11]. Hypothetically, early 
detection of recurrent disease at a locoregional stage would positively impact sur-
vival. In a novel study comparing CT vs. CXR, Hanna et al. prospectively analyzed 
a cohort of 271 patients staged I–III who underwent definitive resection and had 
surveillance with both low dose CT and CXR at 3 months for the first 2 years and 
6 months until 5 years. In their cohort 23.2% developed locoregional disease recur-
rence or SPLC. Pairs of CXR and minimal dose CT were analyzed and CT was 
significantly more sensitive than CXR for the diagnosis of new or recurrent cancer 
(94% vs. 21.2%). This allowed for 77.8% of cases to be detected while the patient 
was asymptomatic—75% of these were candidates for curative treatment. Crabtree 
et al. also showed that CT scan was superior to CXR in detecting asymptomatic 
recurrence, 81% vs. 51% (p = 0.001) [6]. Calman et al. demonstrated, and multiple 
other observational studies similarly concluded, that asymptomatic recurrence was 
associated with significantly longer survival (HR 0.61 (0.5–0.70) p < 0.01) [5, 8, 11, 
12]. Despite this, Crabtree showed no difference between CT and CXR in whether 
subsequent malignancies were treated with curative or palliative intent (41% vs. 
40% p = 0.639) and McMurry showed that timing of pre-recurrence imaging was 
not associated with post-recurrence survival (HR 1.02/months since imaging; CI 
0.99–1.04) [6, 10].

 Metachronous Second Primary Lung Cancer

Another potential advantage of imaging surveillance is early detection of SPLC. In 
patients with previously resected lung cancer, curative surgery for second cancer is 
associated with 5 year survival of 60% [13]. Early tumor stage is the only significant 
determinant of survival following surgical treatment of metachronous lung cancer 
[14]. The National Lung Screening Trial demonstrated a survival benefit in screen-
ing high-risk patients with low-dose CT scan vs. CXR, and patients with personal 
history of lung cancer are at even higher annual risk of 3–6% per year of developing 
a second lung cancer [5, 11, 15]. Two studies showed that CT was more effective 
than CXR in the diagnosis of asymptomatic SPLC [6, 12]. No study comparing 
frequency of surveillance found any advantage of more frequent surveillance in 
improving early diagnosis of SPLC.
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 Cost

While many studies mention cost, there is scant data regarding modeling of cost- 
effectiveness of CT surveillance. Kent et al. created a decision analysis model com-
paring a hypothetical cohort of patients who underwent resection with curative 
intent and underwent annual chest CT to a similar group that had no surveillance. 
They found that patients who entered the surveillance program under age 65, had a 
CT cost <$700, had an incidence of SPLC greater than 1.6% per patient per year of 
follow-up, and a false positive rate of surveillance CT less than 14%, were likely to 
meet a cost effective threshold of $60,000 per quality-adjusted life-year. In the case 
of previously resected Stage I NSCLC, CT would be deemed a cost-effective inter-
vention in most patients; however older patients or lower volume centers with 
higher rates of false positive surveillance CT scan may be associated with higher 
costs per quality adjusted life year [16]. In addition to upfront costs, patients under-
going CT surveillance are subject to increased (4% vs. 1% in CXR) false positive 
findings, invasive procedures, and subsequent complications [5, 6]. Adjunct mea-
sures such as low dose CT had a positive predictive value of only 25.1% compared 
to 91.7% for CXR [12].

 Summary of Clinical Guidelines

Despite the weak evidence, many international guidelines advocate for routine sur-
veillance following surgical resection for NSCLC; however, there are inconsisten-
cies with regards to frequency and imaging modality (Table 21.3) [17–19]. In the 
US, practice guidelines from the American College of Chest Physicians, The 
International Association for the Study of Lung Cancer, and the National 

Table 21.3 Summary of international guidelines for surveillance following resection for NSCLC

Guidelines Frequency Methodology
ACCP 
[7]

6 months for 2 years then annually History, physical examination, CT

ESMO 
[17]

6 months for first 2–3 years and every 
12 months thereafter. CT at 12 months, 
24 months, and annually

History, physical examination, CT 
contrast enhanced for first 2 years, then 
without

NCCN 
[18]

6 months for first 2–3 years, then 
annually

History, physical examination, CT 
contrast enhanced for first 2 years, then 
without

NICE 
[19]

Follow-up with specialist within 
6 weeks, regular appointments thereafter

Off protocol driven follow-up led by a 
lung cancer clinical nurse specialist

ASCO 
[20]

6 months for the first 2 years then 
annually

History, physical examination, CT 
contrast enhanced for the first 2 years 
then low dose CT thereafter

ACCP American College of Chest Physicians, ESMO European Society of Medical Oncology, 
NCCN National Comprehensive Cancer Center Network, NICE National Institute for Health and 
Clinical Excellence, ASCO American Society of Clinical Oncology
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Comprehensive Cancer Center Network each recommend different surveillance 
intensities and imaging modalities ranging from CXR to CT and at intervals from 
3 months to annually [7, 8]. These guidelines continue to be shaped by expert opin-
ion, as the body of evidence is largely comprised of retrospective studies that show 
that surveillance is associated with earlier diagnosis of locoregional recurrence and 
SPLC [6, 9, 10].

 Conclusions and Recommendations

Most of the studies cited in this chapter are database studies limited by retrospec-
tive analysis, heterogeneous study populations, and diverse surveillance protocols. 
Given these limitations, no study found improved overall or cancer specific sur-
vival for either CT surveillance vs. no imaging or increased frequency of surveil-
lance. Multiple studies show that CT is more useful for identifying recurrent 
disease or SPLC at early stage. Other studies have shown that identification of 
early recurrence of SPLC is associated with increased second lung interventions 
and improved survival. Based on this, and the hope that additional larger studies 
will demonstrate a survival benefit for appropriate surveillance intervals, we rec-
ommend regular CT surveillance for patients who have had successful resection of 
a stage I NSCLC.

 A Personal View of the Data

Our approach to post-resection surveillance includes history, physical examination, 
and CT imaging every 6 months for the first 2 years and annually thereafter. Standard 
CT scans are performed until year 2, and low dose scans are performed thereafter. 
This is in accordance with new recommendations made by the American Society for 
Clinical Oncology [20]. This allows us to detect asymptomatic locoregional disease 
or new second primary lung cancers at an early enough stage to allow for curative 
intent intervention. In the absence of high quality prospective data proving a lack of 
benefit of more frequent screening, we feel comfortable that our approach weighs 
the costs and false positives of over screening with the benefits stated above. As new 
therapies to treat recurrent disease develop, earlier recognition of recurrence has the 
potential to result in survival improvement. More studies will need to be performed 
to inform optimal surveillance strategies.

Recommendation
• Following surgical excision for Stage I NSCLC patients should undergo 

annual CT surveillance to identify locoregional disease recurrence or 
SPLC (evidence quality low; weak recommendation).
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 Introduction

The role of extracorporeal membrane oxygenation (ECMO) for acute lung failure 
has been debated for decades. However, as ECMO is increasingly being used for the 
management of patients with acute lung failure, particularly in acute respiratory 
distress syndrome (ARDS), there has been an increased focus on the evidence to 
support its use. In this chapter we detail the best available evidence for the use of 
ECMO for acute lung failure in three distinct patient populations: primarily hypoxic 
respiratory failure; primarily hypercarbic respiratory failure; decompensated pre- 
capillary pulmonary hypertension. We believe that these three subgroups represent 
very different patient populations, are managed with different modes of extracorpo-
real support, and have different levels of evidence to support their use. As such, we 
analysed the three subgroups independently.

 Search Strategy

A systematic literature search was performed with the assistance of a Medical 
Information Specialist. Databases searched were OVID Medline, OVID Epub 
Ahead of Print, Cochrane CENTRAL, Embase (Table 22.1). The search was limited 
to articles published from 2000 through 2019, in English, and including only adult 
human subjects. The search terms used were ‘Acute Lung Injury’, ‘Acute Respiratory 
Distress Syndrome’, ‘Hypercarbia’, ‘Hypercapnoea’, ‘Pulmonary Hypertension’, 
‘Mortality’, ‘Prognosis’, AND ‘Extracorporeal Membrane Oxygenation’, 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_22&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_22#ESM
mailto:Marc.deperrot@uhn.ca
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‘Extracorporeal Life Support’, ‘Extracorporeal CO2 Removal’, ‘Extracorporeal 
Carbon Dioxide Removal’, ‘Extracorporeal Decarboxylation’. Case reports, editori-
als, review articles, conference abstracts and letters to the editor were excluded. 
Articles presenting original research data were reviewed, as were systematic 
reviews, and meta-analyses.

For the subgroup of patients with primarily hypoxic respiratory failure we lim-
ited our review to randomised controlled trials (RCTs), observational studies with 
matched control cohorts, and meta-analyses. We included three observational stud-
ies with matched controls, two randomised trials and one meta-analysis (the most 
recent and thus most relevant meta-analysis). For the subgroup of patients with 
primarily hypercarbic respiratory failure we limited our review to observational 
studies with matched control groups. We included three observational studies with 
matched control groups. For the subgroup of patients with decompensated pre- 
capillary pulmonary hypertension there were no articles comparing venoarterial 
(VA) ECMO or other modes of ECMO support with alternative treatment strategies 
for decompensated right heart failure.

 Results

 Hypoxaemic Lung Failure

Our search strategy produced six papers of note comparing venovenous (VV) 
ECMO in the care of patients with primarily hypoxaemic lung failure to conven-
tional mechanical ventilation. There have been three observational studies with 
matched comparison groups on this topic, two randomised controlled trials and one 
high-quality meta-analysis that included the results of all five of the above studies 
(Table 22.2).

The first RCT included was the CESAR trial [1]. This was essentially a ran-
domised trial of referral to an ECMO centre compared to management in a non- 
ECMO centre. The primary outcome was death or severe disability at 6 months. The 
ECMO group was statistically superior: 37% vs. 53% (p = 0.03, Hazard ratio (HR) 
0.69; 95% confidence interval (CI) 0.05–0.97). The secondary outcome of death at 
6 months showed a strong trend in favour of ECMO: 37% vs. 50% (p = 0.07 HR 

Table 22.1 PICO formatted terms for literature search

Population Intervention Control Outcome
Hypoxic lung failure ECMO Conventional 

mechanical ventilation
Mortality
Treatment 
failure

Hypercarbic lung failure ECCOR Conventional 
mechanical ventilation

Mortality
Avoidance of 
intubation

Decompensated pre-capillary 
pulmonary hypertension

ECMO NA Mortality
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0.73; 95% CI 0.52–1.03). There has been significant criticism of this trial as only 
75% of the ‘ECMO’ patients received ECMO and the control group patients were 
not all managed with ARDSNet best-practice low-pressure ventilation. This may 
have skewed the results in favour of ECMO. However, the opposite effect may be 
exerted by the fact that no patients were transferred on ECMO so five of the 90 
patients died in the original hospital after being referred for ECMO but were too 
sick to transport. Thus, these sickest patients may have been salvaged by mobile 
ECMO and their deaths falsely elevate the mortality rate of the ‘ECMO’ group as 
they never actually reached the ECMO hospital or received ECMO.

These criticisms informed the design of the EOLIA trial [2]. This trial compared 
124 recipients of VV ECMO to 125 patients managed with conventional mechanical 
ventilation using best-practice strategies. The study was designed to show a 20% 
difference in mortality but regrettably was stopped early for futility after recruiting 
249 patients. This decision has been criticized. The primary endpoint was death at 
60 days. There was a trend towards superiority in the ECMO group 35% vs. 46% 
(p = 0.09; relative risk (RR) 0.76; 95% CI 0.55–1.04) and many feel that signifi-
cance would have been achieved if the trial had run its course. The key secondary 
endpoint of treatment failure, defined as death in the ECMO group or  death/cross-
over to ECMO in the ventilation group, showed a distinct advantage for ECMO of 
35% vs. 58% (p = 0.001; RR 0.62; 95% CI 0.47–0.82). This was largely powered by 
a 28% crossover to ECMO in the conventional ventilation group. This trial was 
essentially a trial of early vs. rescue ECMO in severe ARDS. The data showed a 
high rate of treatment failure with conventional ventilation and poor outcomes in 
those referred late for ECMO, as the mortality in this group was 57%.

The first matched observational study by Noah et al. [3] was performed in the 
UK in the wake of the 2009 influenza outbreak. Similar to the CESAR trial, this 
examined referral to an ECMO centre rather than ECMO specifically. There were 
80 patients referred to four ECMO centres in the UK and 83% of these received 
ECMO. These patients were matched to control groups using a number of tech-
niques. Hospital mortality was the primary endpoint. Outcomes for individually 
matched patients (59 pairs) were superior for the ECMO group (24% vs. 52%; RR 
0.45; 95% CI 0.26–0.79; p = 0.006). For propensity matched (75 pairs) the out-
comes also favored the ECMO group (24% vs. 47%; RR 0.51; 95% CI 0.31–0.81; 
p = 0.008). Finally, among generally matched (75 pairs) results were similar (24% 
vs. 51%; RR 0.47; 95% CI 0.31–0.72; p = 0.001). Thus, regardless of the matching 
technique, referral for ECMO was superior for hospital mortality.

A further matched observational study by Pham et al. [4] was published in 2013 
using data from the 2009–2010 influenza outbreak across 30 centres in France. 
There were 103 ECMO patients and 157 non-ECMO patients. These groups pro-
duced 52 matched pairs. There was no significant difference is ICU mortality 
between the two groups: 50% vs. 40% (p = 0.32; HR 1.48; 95% CI 0.68–3.23). A 
secondary analysis matched all 103 ECMO patients to 58 non-ECMO patients and 
showed a significant advantage for ECMO (OR 0.45; 95% CI 0.25–0.78; p = 0.01).

The third observational study was from a single centre in Taiwan by Tsai et al. 
[5]. There were 216 patients with severe ARDS; 81 were managed with ECMO, 135 
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were managed without. The authors were clear that the non-ECMO group were 
managed with appropriate ARDSNet low-pressure ventilation. Hospital mortality 
was the primary endpoint, and 6-month mortality was a secondary endpoint. 
Matching produced 45 pairs. Hospital mortality was 49% in the ECMO group and 
75% in the non-ECMO group (p = 0.009). Mortality at 6 months was statistically 
lower in the ECMO group (p  =  0.001) although the percentage survival in each 
group was not stated in the manuscript. The criticisms of this paper were the high 
rate of VA ECMO use in the ECMO group (18%) and the high mortality in the non- 
ECMO group.

These papers were all included in a meta-analysis by Munshi et al. [6]. Their 
primary analysis was 60-day mortality using the two existing RCTs. These two 
RCTs were also analysed for mortality at longest follow-up (6 months) and treat-
ment failure. All five studies were analysed for the 30-day mortality endpoint. 
ECMO was superior for 60-day mortality: RR 0.73 (95% CI 0.58–0.92). On the 
secondary analyses ECMO was also superior for 30-day mortality (RR 0.69; 95% 
CI 0.5–0.95), 6-month mortality (RR 0.76; 95% CI 0.6–0.95), and treatment failure 
(RR 0.58; 95% CI 0.39–0.85).

 Hypercarbic Lung Failure

Our search strategy produced three papers comparing low-flow ECMO/extracorporeal 
carbon dioxide removal (ECCOR) to conventional ventilation in patients with pri-
marily hypercarbic lung failure due to COPD (Table 22.3). These were all observa-
tional studies with historical control groups. There were no RCTs or 
meta-analyses.

Braune et al. [7] compared 25 patients with exacerbations of COPD managed 
with ECCOR in an attempt to avoid mechanical ventilation to 25 matched historical 
controls. ECCOR was delivered in a VV configuration using a pump-driven 
Novalung membrane. All 25 control patients were ventilated at baseline. Ventilation 
was required in 44% of the ECCOR group. The primary endpoint was 28-day mor-
tality, which was equivalent: 16% vs. 12% (p = 0.68). Mortality at 90 days was also 
equivalent: 28% vs. 28% (p = 1.0).

Kluge et  al. [8], similarly matched 21 patients with exacerbations of COPD 
treated with ECCOR and NIV to 21 historical controls who were all ventilated. The 
ECCOR was delivered using a pumpless femoral VA Novalung device. Only 10% 
of the ECCOR group required ventilation. Mortality at 28  days (24% vs. 19%, 
p = 0.84) and 6 months (33% vs. 33%, p = 0.89) was not different.

Del Sorbo et  al. [9] compared 25 patients with COPD exacerbation managed 
with NIV and ECCOR to 21 historical controls managed with NIV alone. ECCOR 
was delivered using a modified CVVHD circuit via a 14 Fr dual-lumen femoral 
venous cannula. The primary endpoint was avoidance of intubation. The strategy of 
NIV with ECCOR was superior to NIV alone: 12% vs. 33% intubation (HR 0.27; 
95% CI 0.07–0.9; p = 0.047). Hospital mortality was also significantly lower at 8% 
vs. 33% (p = 0.034). Although they reported that 13 patients (52%) had adverse 
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events related to the ECCOR, nine of these patients had clot formation in the 
ECCOR circuit alone as their adverse event, three had bleeding from the femoral 
venous cannulation site, and one had a retroperitoneal haematoma, resulting in a 5% 
major complication rate.

 Lung Failure Due to Refractory/Decompensated Pre-capillary 
Pulmonary Hypertension

No studies with comparative data were available for the use of VA ECMO or PA-LA 
Novalung in decompensated pre-capillary pulmonary hypertension. This is a result 
of the lack of acceptable treatment alternatives. VA ECMO remains the most com-
monly used treatment option for pulmonary hypertension refractory to medical 
management as a bridge to definitive therapy such as transplantation or pulmonary 
endarterectomy.

 Conclusions and Recommendations

Severe hypoxic acute lung failure continues to have a significant mortality. There is 
now sufficient evidence to support the use of venovenous ECMO to improve short- 
term survival in these patients. There is also strong evidence that VV ECMO 
improves 6-month survival, although longer-term outcomes have not been exam-
ined. We make a strong recommendation for the use of VV ECMO in patients with 
severe hypoxic respiratory failure.

There is weak evidence to support the use of ECCOR to avoid intubation in 
patients with hypercarbic respiratory failure on NIV. There is weak evidence that 
this may translate into a survival benefit for these patients. We make a weak recom-
mendation to consider its use in this patient subset.

 A Personal View of the Data

The evidence is increasingly supportive of the use of VV ECMO for severe hypoxic 
lung failure. Those of us involved in the provision of ECMO for this patient popula-
tion have seen dramatic recoveries in patients that would not have been salvaged 
with conventional ventilation and the evidence now supports the inclusion of ECMO 

Recommendations
• VV ECMO is recommended for patients with severe primarily hypoxic 

respiratory failure (evidence quality high, strong recommendation).
• ECCOR is recommended for patients with primarily hypercarbic respira-

tory failure (evidence quality low, weak recommendation).

B. Dunne and M. de Perrot
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as standard of care for severe ARDS. However, ongoing efforts must continue to 
reduce the morbidity and cost associated with this significant undertaking.
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23Does Local Therapy for Oligometastatic 
Disease in Lung Cancer Patients  
Improve Survival?

Jessica S. Donington

 Introduction

The concept of oligometastases was introduced in 1995 by Hellman and 
Weichselbaum, who hypothesized that metastatic disease occurs in a step-wise 
manner, initially with limited metastases followed by progression to widespread 
disease [1]. Early on, metastases were thought to be limited in number and location 
based on interaction of tumor cells with target organs in a “seed and soil” pattern [1, 
2]. Imaging advancements, including high resolution CT, PET/CT and MRI, have 
increased the identification of isolated and small volume metastatic deposits. A sig-
nificantly greater proportion of patients are now being identified early in the meta-
static spectrum, and with the potential to benefit from curative local treatment, this 
is creating new paradigms in the management of metastatic cancer. Grouping of all 
patients with metastatic solid tumors into a single clinical cohort with a uniform 
treatment approach is no longer adequate. There exist subsets of patients with oligo-
metastatic disease who have improved survival and the potential to benefit from a 
more aggressive treatment approach.

Approximately 50–60% of all non-small cell lung cancer (NSCLC) patients 
present with stage IV disease. Traditionally, systemic therapy has been the treat-
ment of choice for these patients, but the majority will fail at original sites of gross 
disease [3]. The introduction of targeted therapies in the form of tyrosine kinase 
inhibitors and check point inhibitors has led to survival improvements compared to 
cytotoxic chemotherapy alone, but the earliest failures continue to most frequently 
occur in original sites of gross disease. There remains a great need for improvement 
in clinical management that improves median survival. It is estimated that more 
than half of stage IV NSCLC patients have lesions potentially amenable to local 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_23&domain=pdf
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consolidative treatment (LCT) in the form of surgery or stereotactic body radio-
therapy (SBRT) [3]. Survival is prolonged in these patients compared to those with 
more widespread disease, and the eighth edition of the American Joint Committee 
on Cancer (AJCC) Lung Cancer staging system now includes a M1b category for 
oligometastatic disease [4]. The M1b category is defined by a single metastatic 
lesion in a distant organ. Clinical evidence to support improved treatment outcomes 
in the oligometastatic NSCLC has generally been limited to non-randomized obser-
vational studies. Many of these studies suggest that local treatment of oligometa-
static disease can lead to better-than-expected survival compared with a general 
population of patients with metastatic disease [5]. There exists a clear rationale to 
consider whether local therapies add value to systemic therapy in patients with lim-
ited metastatic NSCLC by enhancing control and survival endpoints.

 Search Strategy

Table 23.1 lists the PICO terms used in search of English language publications 
listed on Pubmed from 1960 to 2019. Key words used included a combination of 
“and” or “or” for non-small cell lung cancer, oligometastasis, isolated metastasis, 
radiation therapy, stereotactic radiotherapy, surgery, local consolidative therapy, 
prognosis, progression free survival, and overall survival. Overall, 684 references 
were identified and a total of 45 were reviewed for this chapter.

 Results

 Local Consolidative Therapy

Local consolidative therapy is term used for definitive therapies directed at sites of 
known disease following systemic therapy. Surgery or curative doses of radiation 
therapy, either external beam or stereotactic body radiotherapy (SBRT), are the 
most common LCTs used in NSCLC. Much of the recent literature, retrospective 
series, and even some prospective trials combine these modalities together under 
this single umbrella term [5–8]. To date, there are no head-to-head comparisons 
between surgery and radiation of outcomes in the oligometastatic setting. The clos-
est thing to a comparison of local modalities is in a recent meta-analysis of oligo-
metastatic NSCLC from Ashworth et al. [5]. They examined individual patient data 
from 757 patients, mostly with ≤3 metastatic lesions, treated with surgery or 

Table 23.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients with 
oligometastatic 
NSCLC

Systemic therapy + local 
consolidative therapy, surgery, or 
definitive radiotherapy therapy

Systemic 
therapy alone

Overall survival
Progression- 
free survival
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radiation. The median overall survival (OS) was 26 months, and surgical treatment 
of the primary tumor was associated with improved progression-free survival (PFS).

The oldest series using LCT in oligometastatic NSCLC were all surgical. Surgery 
has been used in oligometastatic NSCLC for >40 years with 5-year survivals of 
15–55%, but broad adoption has been hampered by several factors: (1) the support-
ing data is all retrospective; (2) the experience is limited to patients with a single 
metastatic site; and (3) many attribute the survival advantage to selection bias alone. 
There has been considerable excitement generated around LCT in oligometastatic 
NSCLC in recent years as a result of a series prospective trials from radiation oncol-
ogists. The “Oligomez trial” was a small prospective phase II trial which closed 
early due to the significant progression free survival (PFS) improvement with the 
addition of LCT to chemotherapy alone [9, 10]. The trial’s design was a key aspect 
of its success: it was open to patients with ≤3 metastasis who did not progress dur-
ing standard first line chemotherapy, thereby excluding patients with unfavorable 
tumor biology. Seventy four patients were randomized to aggressive LCT to all 
disease sites or standard care. The addition of LCT significantly improved PFS 
(14.2  months vs. 4.4  months) [9] and overall survival (OS) (41.2  months vs. 
17.0 months) [10]. The time to progression of a new site of disease was also pro-
longed in the LCT arm. Surgery was part of LCT in 25% of patients, the remainder 
received radiation (external beam or SBRT).

Iyengar et al. reported similar results in a second small prospective phase II trial 
with a similar design. This trial used only SBRT—surgery and external beam radia-
tion were not allowed—and included up to six sites of disease [11]. This trial was 
also closed early when the interim analysis noted a significant improvement in PFS 
(9.7 months vs. 3.5 months) with LCT. No patients failed at a treated site of disease, 
shifting expected patterns of failure.

Palma et al. recently reported results from the SABR-COMET study, a phase II 
randomized trial of SBRT vs. maintenance therapy for patients with five or fewer 
metastatic lesions and no progression following first line therapy [12]. The trial was 
open to all sites and histologies, and 18 of the 99 participants had NSCLC. There 
were three treatment-related deaths in the SBRT arm, but the trial met its primary 
end point with an improvement in median OS from 28 to 41 months [12].

These prospective trials have caught the attention of medical oncologists and 
brought the consideration of LCT after chemotherapy to the forefront of care for 
patients with oligometastatic NSCLC. It is difficult to address the role of surgery in 
oligometastatic NSCLC without consideration of this data.

 Surgery

The oldest series reporting the use of surgery for stage IV NSCLC relate to treat-
ment of isolated brain metastasis [13, 14]. Early series provided evidence for pro-
longed survival following resection of the primary tumor and brain radiation over 
chemotherapy alone [15, 16]. Results from larger contemporary series are outlined 
in Table 23.2 and report 5-year overall survivals of 23–38% following complete 
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resection [17–19]. Prospective data on the use of surgery in oligometastatic NSCLC 
is sparse and results are not encouraging. In a prospective phase II trial performed 
by Downey et al., 23 patients enrolled on a protocol that included aggressive induc-
tion chemotherapy followed by resection of all sites of disease and consolidation 
chemotherapy. Only 12 patients successfully completed induction chemotherapy 
and the median OS was 11 months with two patients surviving to 5 years [20].

Despite the lack of prospective data supporting its use, surgery has been used in 
the treatment of metastatic NSCLC with increasing frequency. Metastasectomy for 
primary NSCLC is second in incidence only to colon cancers. An analysis from the 
National Inpatient Sample (NIS) uncovered a 5.8% average annual increase in 
resections of NSCLC metastases between 2000 and 2011 [21]. The increase was 
attributed to several factors, including more efficacious and better tolerated sys-
temic therapies, including targeted agents, which have slowed the progression of 
metastatic spread and altered patterns of resistance. Simultaneously, there have 
been significant improvements in surgical techniques, with increased use of mini-
mally invasive approaches, making resections better tolerated and negating long 
interruptions from systemic treatments. The majority of patients considered for 
resection of metastatic NSCLC fall into three categories: isolated metastasis to the 
brain, adrenal glands, or contralateral lung. Occasional patients with isolated metas-
tases to other sites are considered for such therapy, but evidence for prolonged sur-
vival following local therapy is sparse [22].

In evidence-based guidelines from the American College of Chest Physicians 
(ACCP) the recommendation for patients who present de novo with a single metas-
tasis after full staging is aggressive curative intent treatment of the primary and 
metastatic site in those with good performance status and in whom both sites are 
amenable to complete resection or ablation [23]. Resection by lobectomy remains a 
standard treatment option for patients with oligometastatic disease, with better 
prognosis for node negative patients and those undergoing complete resection [23]. 
Curative intent local treatments should only be considered after a thorough search 

Table 23.2 Retrospective series of surgery in the treatment of oligometastatic non-small cell 
lung cancer

Author Year N
Metastatic 
site

5-year 
survival

Median 
survival Prognostic factors

Congedo 
[17]

2012 53 Brain 39
Adrenal 8
Bone 6
Other 2

23% 19 mos Use of PET
Completeness of lung 
resection

Collaud 
[18]

2012 29 Brain 19
Lung 8
Adrenal 2

36% 20.5 mos T stage

Tonnies 
[19]

2014 99 Lung 57
Brain 21
Adrenal 6
Other 11

38% 41 mos Metastasis to lung
N stage
Tumor grade

N number of patients, mos months, PET positron emission tomography

J. S. Donington



271

for disease at other sites. Mediastinal lymph node involvement portends a poor 
prognosis [24–28], so consideration should be given to invasive mediastinal staging 
in any patient with oligometastatic disease being considered for resection.

 Isolated Brain Metastasis
Up to one quarter of all patients with stage IV NSCLC harbor brain metastasis. 
Adenocarcinomas are associated with higher rates of brain metastasis, and in 10% 
of patients with metastatic adenocarcinoma the brain is the only site of involvement 
[23]. Brain MRI is recommended in addition to PET/CT because of increased sen-
sitivity [29]. Treatment of the brain lesion can be by resection or stereotactic radio-
surgery (SRS). Radiosurgery has the advantage of being able to be performed in 
almost any location, including the brain stem [30–32]. Multiple brain metastases are 
not a contraindication to an aggressive treatment approach. Three or fewer lesions 
was an old limit [23, 33] for what was reasonable to treat with SRS, but that has 
been expanded in recent years. Five year survival following definitive treatment of 
isolated brain metastasis and primary NSCLC ranges from 10% to 24%, and is not 
significantly impacted by synchronous or metachronous presentation [28, 34]. 
Results from surgical series with >20 patients are outlined in Table 23.3 [13, 24–26, 
28, 30, 34, 35] and most of the series are quite old.

Modi et al. performed an evidence-based review of the value of thoracic resec-
tion in this setting, and concluded that, in the absence of mediastinal nodal involve-
ment, complete resection of the primary tumor in patients with isolated brain 
metastasis improves survival [27]. Prognosis is improved in patients who are 

Table 23.3 Retrospective series of surgery in the treatment of oligometastatic non-small cell lung 
cancer to the brain

Author Year N
5-year 
survival

Median 
survival Prognostic factors

Bonnette 
[28]

2001 103 12% 11 mos Histology

Billing 
[29]

2001 28 12% 24 mos N stage

Granone 
[24]

2001 20 14% 23 mos Histology, N stage

Getman 
[34]

2004 16 
synchronous
16 
metachronous

19%
19%

9 mos
16 mos

None detected

Furak 
[26]

2005 65 19% 19 mos N/R

Girard 
[25]

2006 29 18% 22 mos Performance status, 
histology, response to chemo

Flannery 
[30]

2008 42 21% 18 mos Performance status

Cheufou 
[35]

2014 37 10% 14 mos None detected

N number of patients, mos months, N/R not reported
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younger, female, have lower T-stage, and good performance status [24, 25, 28]. 
There is no randomized data specifically addressing adjuvant chemotherapy for 
resected stage IV disease, but based on the evidence supporting adjuvant chemo-
therapy for completely resected stage II and III [36], it is also recommended in this 
scenario [23, 33]. A question for patients present with synchronous isolated brain 
metastasis is, which treatment should be undertaken first, the systemic or localized 
therapies?

 Isolated Adrenal Metastasis
In well-selected patients with isolated adrenal metastasis from NSCLC, survival 
following complete resection of primary and metastasis ranges from 20% to 35% 
(Table 23.4) [37–42]. Similar to those with isolated brain metastasis, mediastinal 
lymph node involvement portends worse prognosis and therefor invasive mediasti-
nal staging is encouraged [43]. Histology and laterality appear to have no impact on 
survival, and adjuvant chemotherapy is recommended. Operative mortality is 
extremely low in reported series, and local control and long-term survival are not 
compromised by a laparoscopic approach to adrenalectomy [38].

 Isolated Lung Metastasis
In the eighth AJCC staging system oligometastatic spread within the lungs does not 
fall into the new M1b classification, but remains T3/4 disease if ipsilateral and M1a 
if contralateral. Bilateral NSCLC lesions with the same histology and that do not 
arise in the background of a ground glass opacity are a staging challenge. In the 
absence of other disease it is difficult to distinguish synchronous primary cancers 
and oligometastatic spread. Analysis of mutational status and genetic clonality dif-
ferences are being investigated, but are not clinically reliable at this time [44]. The 
clinical judgment of an experienced multi-modality team is essential [23, 45], and 
the criteria described by Martini and Melamed in 1975 remain relevant [46]. Data 
on synchronous bilateral cancers is sparse, only four of 50 patients from Martini and 
Melamed met these criteria. As with isolated brain and adrenal metastasis, an 

Table 23.4 Retrospective series of surgery in the treatment of oligometastatic non-small cell lung 
cancer to the adrenal glands

Author Year N
5-year 
survival

Median 
survival

Prognostic 
factors

Luketich [42] 1996 8 20% 31 mos N/R
Porte [40] 2001 43 7% 11 mos None
Mercier [39] 2005 23 23% 13 mos DFI >6 mos
Strong [38] 2007 18 laparoscopic

21 open
21%
30%

13 mos
18 mos

N/R

Tanvetyanon 
[41]

2008 48 synchronous
66 
metachronous

26%
25%

12 mos
31 mos

None

Raz [37] 2011 20 34% N/R N stage, 
ipsilateral

N number of patients, mos months, N/R not reported, DFI disease-free interval
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exhaustive search for additional metastatic disease with PET/CT and invasive medi-
astinal staging is recommended prior to considering curative resection to both 
lesions. Parenchymal sparing resections are typically recommended when possible 
in this setting, with the site requiring the lesser resection being completed first to 
help facilitate the second resection. Overall survival following complete resection is 
ranges from 28% to 58% in most series [45], which is lower than one would expect 
for treatment of early stage NSCLC, but better than for other resected oligometa-
static sites, suggesting a mix of metastatic and synchronous primaries.

 Population-Based Analyses

There are several recent population-based analyses which suggest improved sur-
vival with surgical intervention in select sub-populations with stage IV NSCLC 
[47–50]. Inherent selection bias is a significant issue with any such analyses, but in 
two analyses the authors attempted to overcome that bias by only focusing on 
cohorts most commonly offered resection. David et  al. examined the National 
Cancer Database (NCDB)and created a surgical selection score (SSS) using clinical 
factors most commonly associated with the use of surgery in advanced NSCLC 
including: histology, tumor size, clinical T status, clinical N status, clinical M sta-
tus, Charlson comorbidity index, age, race, facility type, and insurance status. In 
stage IV patients with a high SSS (those most fit for resection), the risk for death 
was twofold higher in those patients with who did not undergo surgery compared to 
those who were resected [47]. Similarly, Yang et al. analyzed patients in the NCDB 
with cT1-2, N0, M1 and T3, N0, M1 disease and noted improved 5-year OS com-
pared to those undergoing chemoradiation (25.1% vs. 5.8%) [49]. They also found 
that survival was impacted by local regional stage and the extent of resection, with 
those undergoing lobectomy having superior outcomes compared to those undergo-
ing pneumonectomy or sublobar resection.

 Conclusions and Recommendations

In patients with oligometastatic NSCLC with ≤3 metastatic sites amenable to resec-
tion or ablation, who do not progress on first line systemic therapy, LCT (either as 
surgery, external beam radiation therapy, or SBRT) to the primary tumor and all 
sites of disease is recommended. Patients with an N0/N1 resectable primary NSCLC 
and an isolated brain or adrenal metastasis should be evaluated for aggressive cura-
tive therapy following a thorough search for metastatic spread with mediastinal and 
extra-thoracic imaging and invasive mediational staging. If no other sites of metas-
tases are detected, resection of the primary tumor and resection or ablation of the 
metastasis is recommended. Similarly, in patients with a no other sites of metastases 
and a previously completely resected primary NSCLC, who develop an isolated 
metastasis to the brain or adrenal gland (metachronous presentation), resection or 
ablation of an isolated brain or adrenal metastasis is recommended. Patients who 
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have undergone a curative resection of an isolated brain or adrenal metastasis and a 
primary NSCLC should be evaluated for adjuvant chemotherapy if they had not 
received chemotherapy prior to resection. Patients with a resectable N0/N1 primary 
NSCLC and a solitary lesion in the contralateral lung are a staging quandary (M1a 
disease versus multiple primary tumors); they should undergo extra-thoracic imag-
ing (either whole-body PET or abdominal CT plus bone scan), invasive mediastinal 
staging, and multidisciplinary evaluation is recommended. In most cases these 
should be considered as synchronous secondary primary tumors and, if possible, 
treated with aggressively with curative intent.

 A Personal View of the Data

There is a growing appreciation for the heterogeneity of stage IV NSCLC and 
expectation for improved outcomes in those with oligometastatic spread. This is 
most obvious by inclusion of the new M1b oligometastatic classification in the 
eighth edition of the AJCC lung cancer stating system. Most agree that favorable 
biology is the primary driver of prognosis in the oligometastatic setting, and the true 
impact of local interventions on prognosis is unclear. But in an era when local treat-
ments carry minimal morbidity and mortality, the lack of clarity should not translate 
into a denial of intervention in well-selected oligometastatic patients. Recent phase 
II randomized studies demonstrate a near tripling of PFS with the addition of LCT 
in oligometastatic patients following first line chemotherapy [9, 11]. Treatment of 

Recommendations
• In patients with oligometastatic NSCLC with ≤3 metastatic sites amenable 

to resection or ablation, who do not progress on first line systemic therapy, 
LCT to the primary tumor and all sites of disease is recommended (evi-
dence quality high, strong recommendation).

• In patients with a resectable N0/1 primary NSCLC and an isolated brain or 
adrenal metastasis and no other sites of metastases, resection of the pri-
mary tumor and resection or ablation of the metastasis is recommended 
(evidence quality moderate, strong recommendation).

• For patients with no other sites of metastases and a previously completely 
resected primary NSCLC, resection or ablation of a new isolated brain or 
adrenal metastasis (metachronous presentation) is recommended (evidence 
quality moderate, strong recommendation).

• Patients with a resectable N0/N1 primary NSCLC and a solitary lesion in 
the contralateral lung should be treated with curative intent for synchro-
nous primary tumors (evidence quality moderate, strong 
recommendation).

J. S. Donington
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both the primary and metastatic lesions in these trials was predominately by radio-
therapy. Consideration for resection should remain an important part of treatment of 
oligometastatic NSCLC. Surgery has been used in this setting for >40 years, and 
cure is the goal for these patients. Therefore local control, improved staging, and 
tissue acquisition afforded by resection validate its continued use. In the oligometa-
static setting, the T and N stage carry prognostic significance. Therefore thorough 
staging is essential prior to embarking on an aggressive surgical approach, and inva-
sive mediastinal staging carries increased importance. Similarly, resection by lobec-
tomy appears to carry the best prognosis, and careful consideration should be made 
for more extensive resections. Ongoing questions of interest include: How many 
metastatic lesions can be included within the definition of oligometastasis? What is 
the best order of treatments? Which local therapies provide the greatest potential 
for cure?
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 Introduction

The lung is the most frequent site of metastatic disease spread among extrapulmo-
nary primary malignancies, commonly seen among patients with colorectal cancer, 
sarcoma, renal cell carcinoma, and germ cell tumors [1]. While stage IV disease was 
once viewed as a state with few curative treatment options, surgical resection has 
been increasingly offered for select patient populations with limited metastatic dis-
ease burden [2, 3]. This has typically been defined by control of primary disease, 
absence of extrapulmonary metastases, and anatomically completely resectable pul-
monary lesions [3]. Within this framework, such an intervention may afford patients 
with advanced disease a survival benefit with minimal associated surgical morbidity 
[1, 2, 4].

Despite this prevalent practice, however, investigations demonstrating its role 
among a variety of multimodality approaches remain notably absent from the litera-
ture to otherwise guide clinicians. Importantly, in considering metastasectomy for a 
patient or population of patients, one must weigh the survival benefits of such an 
intervention with the risks, albeit accepted to be minimal, of surgery. One must 
recognize that operative procedures are associated with inherent risks, as well as the 
concomitant need for a break from systemic therapy perioperatively, which may 
also be of consequence if residual disease persists postoperatively. This topic is 
further complicated, not only by advancements in chemotherapy, immunotherapy, 
and targeted agents for various molecular markers, but also by the diverse variety of 
primary oncologic processes which may be subject to this treatment approach [1, 5].
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Given that randomized clinical trials elucidating the optimal management of pul-
monary metastatic disease are lacking, single-arm, retrospective reviews have been 
the primary source of data for multidisciplinary oncology care teams. However, 
prospective trials are presently underway for the treatment of colorectal metastatic 
disease, which may aid in guiding future practice, though early results are not yet 
available [6]. As such, a comprehensive review of the literature provides the best 
understanding of the current recommendations for practice.

 Search Strategy

In order to characterize the outcomes of patients with resectable pulmonary meta-
static disease, a Pubmed search was undertaken using the MeSH terms “lung” and 
“metastasectomy”, and limited to the English language (Table  24.1). Additional 
searches were performed with keywords “lung,” “pulmonary,” “metastasectomy.” 
Original articles, systematic reviews, and meta-analyses published from 2012 
through 2019 were included. In total, this approach revealed 140 abstracts for 
review. Because no randomized data are yet available, and the outcomes of non- 
operatively managed patients are difficult to garner from the literature, systematic 
reviews and larger retrospective reports on adult patients were prioritized.

 Description of Published Data

 Survival

Perhaps the most prevalent histology among the literature for metastasectomy is 
colorectal carcinoma, as it is the most frequent tumor to metastasize to the lung, and 
it is estimated that 5–18% of patients will have pulmonary metastases diagnosed at 
some point during the disease course [7]. As such, several systematic reviews and 
meta-analyses are available which shed light on this topic.

Gonzalez et al. completed a meta-analysis of 25 retrospective investigations pub-
lished from 2000 to 2011 which included 2925 patients treated with metastasec-
tomy [8]. Of 24 studies which included only patients with R0 resection, the overall 
5-year survival ranged from 27% to 68%. Median disease free interval (DFI) ranged 
from 19 to 39  months, and a shorter interval was associated with an increased 

Table 24.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator)
O 
(Outcomes)

Patients with 
anatomically resectable, 
lung-limited pulmonary 
metastatic disease

Pulmonary 
metastasectomy

Non-operative management, 
including chemotherapy, 
radiation therapy, 
radiofrequency ablation, and 
observation

Survival, 
morbidity
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hazard of death (hazard ratio [HR], 1.59; 95% confidence interval [CI], 1.27–1.98). 
Additional factors found to be of prognostic importance were the presence of mul-
tiple metastases (HR, 2.04; 95% CI, 1.72–2.41); mediastinal or hilar nodal involve-
ment (HR, 1.65; 95% CI, 1.38–2.02); and elevated carcinoembryonic antigen (CEA) 
(HR, 1.91; 95% CI, 1.57–2.32). Importantly, among seven studies which specifi-
cally evaluated a history of prior hepatic metastasectomy, this was not determined 
to correlate with survival outcomes (HR, 1.22; 95% CI, 0.91–1.64).

A meta-analysis by Zabaleta et al. more closely examined the prognostic signifi-
cance of hepatic metastatic disease, and demonstrated an increased hazard of death 
for patients with prior liver metastases (HR, 1.37; 95% CI, 1.14–1.64) [9]. These 
results were based upon data collected from 3501 patients across 17 studies with 
low heterogeneity. Other factors associated with poorer survival included positive 
intrathoracic nodal disease, positive surgical margins, number and size of pulmo-
nary metastases, preoperative CEA, DFI, and wedge resection (vs. lobectomy). 
Median overall survival among patients with a history of liver metastases (n = 744) 
was less than the overall cohort at 51.8 months (vs. 64 months), with 5-year survival 
of 44.5% (vs. 51.9%). Among patients with available data regarding timing of 
hepatic and pulmonary metastatic disease diagnoses (n = 273), patients presented 
with synchronous liver-lung metastases in equal proportion to metachronous lesions 
(138, 50.5% vs. 135, 49.5%); mean survival times did not differ between these 
two groups.

Similarly, a subsequent review by Lumachi et al. pooled data from 15 studies 
published between 2002 and 2015 which evaluated the outcomes of 1669 patients 
[7]. Included reports were those with at least 50 patients per study with reported 
5-year survival rates, and multivariable analyses to determine factors associated 
with survival. Among this group, the median 5-year survival rate was 45% (range 
25–72%). Factors associated with poorer survival on multivariable analysis were 
similar to Gonzalez’s report, and included larger nodule size, bilateral nodules, ele-
vated CEA, hilar or mediastinal LN involvement, shorter DFI, incomplete (R1) 
resection, poorly differentiated tumors, receipt of neoadjuvant chemotherapy, older 
age, and female sex. The authors further evaluated the relationship of colorectal 
mutational status to survival outcomes, and noted several reports which demonstrate 
KRAS- and BRAF-mutant patients to have higher incidences of pulmonary metas-
tases and, additionally, poorer outcomes. These results are echoed by a more recent 
report by Corsini et al. which showed similar results for patients with RAS (KRAS 
or NRAS) or TP53 mutations following metastasectomy, though mutant APC was 
associated with prolonged survival [10].

While colorectal metastases remain the most common indication for pulmonary 
metastasectomy, several other primary malignancies frequently occur in the lung 
and have been the topic of investigations. Marulli et al. assessed 21 retrospective 
reports from 1996 to 2016 [11]. While the authors importantly note the heterogene-
ity within these investigations, particularly in terms of histologic classification 
(osteosarcoma versus soft-tissue sarcoma), 5-year survival rates between 15% and 
51% were reported, with superior survival identified among those with osteosar-
coma. Similar to other tumor types discussed herein, commonly identified 
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prognostic factors were age, DFI, number of metastases, and completeness of resec-
tion. The authors also discussed the association of grade with outcomes, although 
this is appears to be intimately related to the extent of pulmonary disease (high 
grade sarcoma associated with more pulmonary metastases). Traditionally chemo-
resistant, tumor responsiveness to (or nonprogression during) neoadjuvant treat-
ment was cited as a favorable prognostic indicator as well. The relationship between 
number and size of metastases, as well as total tumor burden (bilateral versus uni-
lateral), with outcomes is less clear for sarcoma, as compared to colorectal carci-
noma, for example [11, 12]. Select groups of sarcoma patients have been known to 
undergo multiple metastasectomies over the course of the disease.

Astute understanding of prognostic factors for patients with soft-tissue sarcomas 
is made challenging by the wide variety of histologic variants, given that many 
investigations report on mixed histologies. Leiomyosarcoma appears to have a less 
aggressive biology, with some investigations reporting somewhat superior survival 
when compared to other histologic subtypes [11]. In their large, single center evalu-
ation, Chudgar et  al. evaluated 539 patients with soft-tissue sarcoma undergoing 
760 metastasectomies, many of whom had leiomyosarcoma (n = 169, 39%) [13]. 
With the exception of fibrosarcoma, which was a relatively small proportion of the 
cohort (n = 33, 6%), those with leiomyosarcoma had the longest median overall 
survival at 42 months (HR, 0.66; 95% CI, 0.48–0.89). Among the entire cohort, the 
5-year survival was 34%. Other prognostic factors determined by multivariable 
analysis included primary tumor size, DFI, number of metastases, response to neo-
adjuvant therapy, surgical approach, and presentation with synchronous metastatic 
sites of disease.

In considering metastasectomy for melanoma, surgical management of pulmo-
nary metastatic disease positively correlated with a survival advantage when com-
pared to nonsurgical management [14]. In addition to metastasectomy conferring a 
survival advantage, other prognostic indicators were histologic classification, extra-
thoracic metastatic disease, and number of lung lesions. Similar publications have 
also implicated responsiveness to systemic therapies (chemotherapy and immuno-
therapy), as well as DFI [2]. Survival rates at 5 years ranged from 4.5% to 38% [1, 
14]. The authors also cited advancements in targeted agents which, when used in 
conjunction with surgical resection in appropriately selected candidates, may fur-
ther confer survival advantages for this unique population. Additionally, using the 
Ontario Cancer Registry, Hanna et al. evaluated the outcomes of 99 patients follow-
ing metastasectomy for melanoma and determined the 5-year survival to be 21% 
[15]. Tumor size and completeness of resection were deemed to be related to 
outcomes.

Renal cell carcinoma commonly presents as stage IV disease, and though this 
portends a poor prognosis, resection of limited pulmonary metastatic disease simi-
larly appears to offer favorable outcomes with 5-year survival rates of 36–53% [14]. 
A review by Zhao et al. reported results of 16 studies published from 1997 to 2014 
covering 1447 patients [16]. The median 5-year survival was 43%, and multivari-
able analysis revealed regional nodal involvement related to the primary tumor and/
or metastases, completeness of resection, size and number of metastases, and DFI 
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to be associated with survival outcomes. Similar to melanoma, monoclonal antibod-
ies and inhibitor molecules, such as bevacizumab and sorafenib, are changing the 
state of disease management [14].

 Thoracic Nodal Dissection

Recommendations regarding intrathoracic lymph node dissection in the setting of 
metastasectomy have been less clear. In their review of prior investigations, Sihag 
et al. identified several works which demonstrated poorer durable survival benefit in 
patients with intrathoracic nodal disease [17]. Prior works have, furthermore, been 
unable to establish a differential survival based upon nodal sampling versus radical 
lymphadenectomy, or N1 versus N2 disease [18]. Nodal sampling or total lymphad-
enectomy, however, is not routine, and is often only undertaken in the setting of 
aggressive disease biology or concerning mediastinal or hilar nodal tissue. While 
these principles represent a selection bias, and therefore prevent any conclusive 
evidence to support this practice globally, performing nodal sampling/dissection 
may help to direct management in the adjuvant setting.

 Extent of Resection

A parenchymal conserving approach should be emphasized for pulmonary metasta-
sectomy, particularly when considering patients with multiple lesions or the antici-
pated need for future resections. A stapled segmental resection is most often 
employed, while more extensive anatomic resections are reserved for larger (or 
multiple) tumors [4, 19]. Such an approach also minimizes risks of postoperative 
morbidity. In comparison to a stapled wedge, segmentectomy may also have supe-
rior overall and disease-free survival according to some reports [19].

Several authors have suggested that pneumonectomy be a strong contraindica-
tion to metastasectomy, carrying up to a 19% perioperative mortality risk. However, 
rare indications for such an extensive procedure have been advocated by some, 
including for solitary, central tumors after a prolonged DFI [4]. For more peripheral 
disease, however, given the lack of evidence, completeness of resection continues to 
be cited as the most important consideration for any metastasectomy. Barring posi-
tive margins, a minimalist, lung-sparing approach has not been demonstrated to be 
inferior, and affords the patient the opportunity for future metastasectomies, 
if needed.

 Lung-Directed Chemotherapy

Phillips et al. reviewed several factors in the management of patients with colorectal 
pulmonary metastases, including the use of systemic therapy directed at lung lesions 
[19]. The authors note that no consensus exists as to the use of neoadjuvant or 
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adjuvant chemotherapy related to treatment of pulmonary metastases. Among 354 
patients evaluated as part of a multi-institutional study, neoadjuvant and adjuvant 
systemic therapy were used in 7.6% and 34.5% of cases, without observed differ-
ences in disease-free or overall survival [20]. An additional analysis in only patients 
with positive intrathoracic nodal disease was furthermore unable to identify a ben-
efit to chemotherapy used in the adjuvant setting [21].

In a recent review by Guerrera et  al., six studies including data pertaining to 
administration of perioperative chemotherapy were analyzed [22]. Overall, sys-
temic therapy used in the perioperative period with respect to pulmonary metasta-
sectomy did not demonstrate a survival benefit, however, all studies reported 
prolonged disease-free survival among patients who received chemotherapy. 
Although the authors concluded that the available evidence does not support a shift 
towards incorporation of lung-directed chemotherapy into the treatment paradigm 
overall, there may be select patients who are most likely to benefit. They note that 
such populations include patients with multiple or metachronous pulmonary metas-
tases, low-risk patients, and those of certain molecular subtypes. While supporting 
data are limited to a single study, there many also be evidence to demonstrate supe-
riority of oxaliplatin-based regimens in terms of long-term outcomes, particularly 
when compared to irinotecan.

 Surgical Approach

Just as there is debate as to the optimal operation for resection of primary lung 
malignancies, so, too, are there investigations exploring this topic in the realm of 
metastasectomy. Although randomized controlled trials have not been completed in 
this arena, several reports have examined this topic. A review by Greenwood et al. 
offers reassuring, if guarded, evidence to support either thoracotomy or VATS as 
equivalent in terms of survival in their review [23]. Though high rates of complica-
tions, as well as longer hospital and chest tube durations, were observed in patients 
undergoing thoracotomy for a variety of histologies, differences in baseline charac-
teristics suggest the possibility of selection bias, limiting extrapolation of these 
data. Furthermore, while surgical margins were narrower in patients undergoing 
VATS metastasectomy, this did not result in survival differences between groups.

In a unique prospective investigation by Eckardt et  al., pulmonary metastases 
identified on computed tomography imaging were evaluated by both VATS and 
open thoracotomy [24]. This prospective observer-blinded study evaluated 89 
patients in whom 140 pulmonary metastases were identified on computed tomogra-
phy imaging, and included a variety of primary malignancies. Patients were taken to 
the operating room where they first underwent VATS during which digital palpation 
was attempted to identify the known nodule. Without resecting the metastasis, a new 
operating team completed a thoracotomy and similarly attempted to identify the 
nodules. VATS was successful in identifying 122 (87%) nodules; while thoracot-
omy was able to identify all radiographically-identified metastases, 67 additional 
nodules were found, comprised of 22 (33%) secondary metastases, 43 (64%) benign 
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lesions, and two (3%) primary lung malignancies. In contrast, no extra tumors were 
identified via VATS. Because a significant proportion of these additionally recog-
nized tumors were of malignant etiology despite routine dedicated computed 
tomography imaging (3 mm slice thickness), the authors concluded that VATS is 
inadequate for the management of pulmonary metastatic disease. In a related review, 
Macherey et  al. reported an increased detection of nodules by manual palpation 
when compared to helical computed tomography imaging, though nearly half 
(48.5%) of these lesions were of benign etiology [25]. Conclusions related to the 
superiority of one approach over another from Macherey’s report, however, are lim-
ited by the fact that a majority of studies reviewed included scans with slice thick-
ness greater than 5 mm, up to and including 10 mm. Despite the increased detection 
of additional nodules, resulting 5-year survival rates do not differ when considering 
patients undergoing thoracotomy versus VATS resections [14].

The selection of surgical approach should also be weighed with the risk of post-
operative complications. Greenwood et al. found the length of both hospital stay 
and chest tube duration to be shorter among patients undergoing VATS resection, 
though the issue of selection bias affecting these outcomes limits extrapolation of 
these data [23]. The authors were unable to demonstrate survival differences 
between the two surgical groups, despite some individual studies showing closer 
surgical margins among patients undergoing VATS metastasectomy. Postoperative 
events were also more common among patients receiving thoracotomy.

 Conclusions and Recommendations

Although the available data limit our ability to know the precise incremental benefit 
of surgery over nonsurgical management which is afforded to patients with lung- 
limited metastatic disease, it is evident that survival in this unique population can be 
improved via resection in selected patients. In particular, those patients with single, 
small nodules after a prolonged DFI have the most to gain. Metastasectomy for 
colorectal carcinoma and sarcoma are commonly undertaken and afford reasonable 
survival expectations to these patient populations, although the benefit is less clear 
for patients with melanoma, especially in the setting of poor prognosticators.

When considering an open or minimally invasive approach, it is important to 
consider that while a thoracotomy may aid in detecting additional nodules, such 
lesions may be benign, and, even in the setting of malignant lesions, a survival ben-
efit has not been demonstrated in patients who have undergone more thorough 
resections. Nodal sampling, particularly for bulky or concerning adenopathy, may 
be clinically important to management decisions, though such resections have not 
been shown to improve outcomes. Finally, a parenchymal-sparing approach is para-
mount, particularly in this population with proven lung disease, and a propensity to 
require future resections.

In considering our recommendations, it is important to recall that we are unarmed 
with randomized data which would otherwise help us to best identify the ideal 
cohort of patients who may benefit from resection. Because of this lack of evidence, 
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the possibility of selection bias cannot be excluded, such that patients who appear 
to profit from metastasectomy in retrospective investigations may alternatively rep-
resent a unique, resectable group with favorable disease characteristics, who would 
be more likely to have fortunate prognoses, even in the absence of surgery.

 A Personal View of the Data

With proper patient selection, pulmonary metastasectomy can substantially prolong 
survival, provide patients with a disease-free state, and release them from the inter-
minable need for systemic therapy.

In general, we know that patients with fewer metastases, longer DFI, and less 
aggressive disease characteristics derive the greatest benefit from pulmonary resec-
tion (Table 24.2). However, as practicing clinicians, it is also not easy to deny opera-
tions to patients with greater numbers of lesions, metastases present at diagnosis, 
and aggressive tumor biology. This problem is particularly challenging given the 
frequency with which we see lung-limited colorectal and sarcoma metastases in 
patients who are young, otherwise healthy, and eager for aggressive therapy regard-
less of their relatively higher risk of subsequent pulmonary recurrence. Younger 
adults in these scenarios tend to have favorable performance status, reassuring spi-
rometry values, and eagerness to “fight the odds.” Thus, while data such as DFI and 
number of metastases help us render prognoses to our patients, they do not neces-
sarily determine strict criteria for resection. Strict criteria for resection should 
include: absence of extrathoracic disease, control of the primary tumor, anatomic 
ability to resect all pulmonary disease, and adequate pulmonary function to tolerate 
the necessary resection to render the patient disease-free.

Recommendations
• Resection is recommended for a single metastasis OR a limited number of 

metastases in the setting of a prolonged DFI (evidence quality low; weak 
recommendation).

• When a minimally invasive approach is technically feasible, either thora-
cotomy or video-assisted thoracoscopic surgical resections are acceptable 
(evidence quality low; weak recommendation).

• Surgery should be undertaken only if complete local control is achievable 
(evidence quality low; weak recommendation).

• A parenchymal-sparing approach should be employed (evidence quality 
low; weak recommendation)

• Intrathoracic nodal dissection is recommended if it will aid in guiding 
adjuvant therapeutic strategies (evidence quality low; weak 
recommendation).
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Table 24.2 Series on pulmonary resection for metastatic disease

Author 
(Year)

Patient 
group Outcomes Histology

5-Year 
survival

Prognostic factors of 
poorer survival

Gonzalez 
et al. 
(2013) [8]

25 studies 
published 
between 
2000 and 
2011

Overall 
survival
Multivariable 
analysis of 
prognostic 
factors for 
survival

Colorectal 
carcinoma

27–68% (for 
24 studies 
including 
only 
patients 
with R0 
resection)

DFI, multiple lung 
metastases, positive 
hilar/mediastinal LN, 
CEA

Lumachi 
et al. 
(2016) [7]

15 studies 
published 
between 
2002 and 
2015

Overall 
survival
Multivariable 
analysis of 
prognostic 
factors for 
survival

Colorectal 
carcinoma

25–72% CEA, multiple or 
bilateral lung 
metastases, positive 
hilar/mediastinal LN, 
DFI, positive 
margins, use of 
neoadjuvant 
chemotherapy, age

Zabelata 
et al. 
(2018) [9]

17 studies 
published 
between 
2007 and 
2014

Overall 
survival
Multivariable 
analysis of 
prognostic 
factors for 
survival

Colorectal 
carcinoma

51.9% History of liver 
metastases, positive 
intrathoracic LN, 
positive margins, 
number of lung 
metastases, 
metastasis size, CEA, 
DFI, wedge resection

Marulli 
et al. 
(2017) 
[11]

21 studies 
published 
between 
1996 and 
2016

Overall 
survival
Multivariable 
analysis of 
prognostic 
factors for 
survival

Sarcoma 15–51% DFI, positive 
margins, number of 
lung metastases, age, 
histologic subtype; 
grade

Chudgar 
et al. 
(2017) 
[13]

Single 
center, 
1991–
2014, 
n = 539

Overall 
survival
Disease-free 
survival
Multivariable 
analysis

Soft-tissue 
sarcoma

34% Histologic subtype, 
primary tumor size, 
DFI, number of 
metastases, response 
to neoadjuvant 
therapy, surgical 
approach, 
synchronous 
metastases

Zhao 
et al. 
(2017) 
[16]

16 studies 
published 
between 
1997 and 
2014

Overall 
survival
Multivariable 
analysis of 
prognostic 
factors for 
survival

Renal cell 
carcinoma

18–58% 
(43% 
overall)

Primary tumor LN 
involvement, positive 
margins, number of 
lung metastases, 
metastasis size, 
positive hilar/
mediastinal LN, 
synchronous 
metastases, DFI

(continued)
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We do not have adequate data to suggest any benefit to nodal sampling or dissec-
tion; however, it is a low morbidity adjunct that may provide prognostic information 
to the treating oncology team. Moreover, nodes that are grossly abnormal should be 
removed, despite unknown benefit, for diagnostic purposes.

With regard to operative approach, the authors tend to make individualized deci-
sions based on each patient’s situation. Patients with a single, solitary metastasis 
that has been present for an extended period of surveillance without development of 
other nodules might be easily removed thoracoscopically. On the other extreme, 
patients with five or greater metastases that are anatomically resectable may fare 
better with a small, muscle-sparing thoracotomy, given the higher likelihood of 
identifying additional lesions that were not anticipated on preoperative imaging and 
the increased range of motion for stapler angles to maximize sparing of paren-
chyma. Moreover, recent data have shown that the postoperative differences between 
VATS and open surgery are narrowed in an enhanced recovery environment. Thus, 
we would recommend tailoring the surgical approach to the patient and his/her dis-
ease state.
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Table 24.2 (continued)

Author 
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(2018) 
[15]

Registry, 
2004–
2012, 
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Overall 
survival
Multivariable 
analysis of 
prognostic 
factors for 
survival

Melanoma 21% Tumor size, positive 
margins
Note: increasing 
tumor size correlated 
with positive surgical 
margins

DFI disease-free interval, LN lymph node, CEA carcinoembryonic antigen
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 Introduction

Treatment for esophageal cancer has traditionally centered around removal of tumor 
burden, mainly by esophagectomy. However, with the improvement of endoscopic 
surveillance and early detection, more T1 cancers are being diagnosed, and due to 
the perceived safety of endoscopic therapy (ET), the rate of local treatment for T1 
esophageal cancer has been steadily increasing from 8.1% in 1998 to 24.1% in 2008 
[1]. Notably, the rate of ET specifically for T1b lesions has also increased, from 
6.6% in 2004 to 20.9% in 2010 [2]. However, the inability to resect and thoroughly 
evaluate lymph nodes with ET remains a major concern, given the relatively high 
risk of lymph node involvement even in early stage esophageal carcinoma. 
Additionally, ET frequently requires multiple procedures to clear all disease as well 
as frequent long-term endoscopic surveillance [3]. The objective of this chapter is to 
compare the outcomes after ET versus esophagectomy for T1bN0 esophageal ade-
nocarcinoma (EAC), taking into consideration the morbidity/mortality of each pro-
cedure along with the risk of lymph node metastasis (LNM) in clinical T1b disease.

 Search Strategy

The PubMed database was searched for full text articles in English (from 2004 to 
2019), utilizing any of the following terms: “early esophageal adenocarcinoma”, 
“T1”, “early-stage”, “submucosal adenocarcinoma”, “endoscopic resection”, 
“endoscopic mucosal resection”, “endoscopic submucosal dissection”, “esophagec-
tomy”, “lymph node metastasis/metastases”, “outcomes”. The reference list of all 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_25&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_25#ESM
mailto:mferguso@bsd.uchicago.edu
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reviewed papers was also searched for applicable articles subsequently included in 
this chapter (Table 25.1).

 Results

 Outcomes of Endoscopic Therapy Versus Esophagectomy

 Morbidity and Oncologic Outcomes After Endoscopic Therapy
Overall, ET for esophageal mucosal adenocarcinoma seems safe with moderately 
good oncologic outcomes (Table 25.2). The reported rates of bleeding after ET for 
early EAC lesions ranges from 0% to 6.5% and rates of perforation are similarly low 
at 0–2.2% [4–6]. Post-procedural stricture is the most common complication 
(0–22.2%), the risk of which increases if larger pieces of tissue must be resected. 
Treatment of strictures often requires multiple interventions, each of which carries 
a risk of perforation [6]. Probst et al. reported a 0% perforation incidence with the 
initial endoscopic resection, however they did have a subsequent dilation-related 
perforation for a patient who underwent ET and developed a stricture [5].

The oncologic outcomes after ET for T1b EAC are scarce and have been inconsis-
tently reported, but appear promising. Rates of curative resection ranged from 56.3% to 
87% and likely varied depending on endoscopist experience. Complete endoluminal 
remission required a mean of 2.6 ± 2.9 endoscopic procedures over a mean treatment 
period of 4.5 ± 5.3 months, and rates of local recurrence ranged from 0% to 2.4% [4–6]. 
Only one study reported an estimated 5-year survival (84%), but it’s important to note 
that this was only for patients with low risk T1b lesions confined to sm1 (Manner) [4].

Taken together, these studies suggest that ESD is safe for submucosal EAC, how-
ever longer-term data with much larger sample sizes are necessary to determine the 
true impact of endoscopic therapy alone on local recurrence rates and overall survival.

 Morbidity and Oncologic Outcomes After Esophagectomy
While esophagectomy has been generally considered a high-risk operation, more 
recent studies have reported excellent outcomes after esophagectomy, with in- 
hospital mortality as low as 1–2.82% for all-comers in high volume centers [7–9]. 
There are a handful of studies with relatively large sample sizes that have looked at 
outcomes after esophagectomy specifically for early EAC (Table  25.3) [10–15]. 
Again, the rate of in-hospital mortality is relatively low, ranging from 2.6% to 4.5% 
[10, 12–14]. The rate of overall morbidity is around 32%, with anastomotic leak 
rates ranging from 8% to 10.3% [10, 12].

Table 25.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Resectable patients with 
clinical T1bN0 esophageal 
cancer

Esophagectomy Endoscopic 
therapy

Morbidity
Mortality
Oncologic outcomes (OS, 
DFS, CSS and recurrence)

OS overall survival, DFS disease-free survival, CSS cancer-specific survival

B. Su and M. K. Ferguson
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In regard to oncologic outcomes for patients with T1b EAC, 5-year overall survival 
rates after esophagectomy ranged from 65% to 79% [10, 12, 14, 15]. For patients spe-
cifically with sm1 disease, Lorenz et al. found a 5-year overall survival rate of 83.5% 
after esophagectomy, comparable to the estimated 5-year survival rate of 84% reported 
after endoscopic resection by Manner et al. [4, 14]. The median overall survival was 
7–12.4 years and 5-year cancer specific survival ranged from 79.6% to 92.3% [10, 14]. 
Interestingly, Lorenz et al. examined 168 esophagectomy specimens, 124 of which had 
had a prior endoscopic resection. After surgery, it was found that 113 (91.2%) of the 
endoscopically resected specimens histologically corresponded exactly to the postop-
erative histology. For the other 11 patients, the final histology showed a deeper infiltra-
tion as compared to the endoscopically resected specimen, although none of these had a 
clear margin basally originally, so surgery was recommended regardless [14].

 Overall Survival Comparison Between ET and Esophagectomy
In regards to overall survival, there are only a few studies that directly compare 
survival after endoscopic therapy (ET) to esophagectomy for T1b esophageal ade-
nocarcinoma, and they all utilize the Surveillance Epidemiology and End Results 
(SEER) cancer database. Zeng et al. analyzed data from 1998 to 2013, and com-
pared cancer-specific survival (CSS) and overall survival (OS) after treatment for 
T1b tumors (both adenocarcinoma and squamous cell carcinoma) [16]. They found 
no differences in treatment-related CSS (HR, 0.651; 95% CI 0.174–2.434; 
P = 0.651) or overall survival (HR, 1.950; 95% CI 0.770–4.942; P = 0.159) after ET 
versus surgery. Ngamruengphong and colleagues had similar findings when looking 
specifically at T1b adenocarcinoma from 1998 to 2009. They also found no differ-
ence in CSS (HR 0.46; 95% CI 0.16–1.28; P  = 0.14) or OS (HR 0.97; 95% CI 
0.53–1.77; P = 0.93) after ET versus surgery [17]. Similarly, Wani et al. used data 
from 1998 to 2009 and also found comparable 2- and 5-year cancer-related mortal-
ity rates when comparing ET to surgery for T1b EAC [18].

 Lymph Node Metastasis

The main disadvantage of ET for T1b adenocarcinoma is the risk of leaving behind 
untreated nodal disease, particularly when the presence of LNM is the most impor-
tant factor for prognosis [11, 14, 15, 19]. For patients with early EAC (both T1a and 
T1b), Lorenz at al. reported a 5-year survival rate of 87.1% for pN0 disease versus 
56.0% for pN+ disease (P < 0.001), concluding that the presence of LNM was the 
strongest predictor for a cure [14]. In fact, LNM was an independent risk factor for 
overall survival, tumor-specific survival and tumor recurrence. Dubecz et al. also 
found that the overall 5-year survival rate for early EAC was significantly better for 
pN0 versus pN+ disease (78% vs. 51%, P < 0.001) [15]. These studies indicate that 
accurate nodal staging is critical to patient prognosis.

In order for ET to be considered a viable option for management of early EAC, 
the rates of LNM would need to be acceptably low or our ability to predict lymph 
node involvement would need to be exceedingly high. There are many studies which 
have reported the rates of LNM for T1a and T1b esophageal adenocarcinoma based 
on esophagectomy specimens (Table 25.4) [2, 3, 11, 13–15, 19–26]. The rate of 
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LNM for sm1 invasion ranged from 0% to 37.5%, whereas the rate for sm2/3 inva-
sion ranged from 7% to 54%. Studies that did not report rates based on submucosal 
subdivision reported a rate for all T1b lesions of 19.6–27%.

Several studies have reported risk factors to help predict the likelihood of LNM 
for T1b EAC. Leers et  al. found that poor tumor differentiation, the presence of 
lymphovascular invasion (LVI), and tumor size ≥2 cm to be significantly associated 
with LNM [19]. Boys et al. reported similar findings, with poor tumor differentia-
tion, LVI, and invasion into the submucosa >500 μm to be associated with higher 
rates of LNM [3]. While no single risk factor was identified as being the most pre-
dictive, the more risk factors present, the higher the likelihood of nodal metastasis. 
A predictive scoring system reported by Lee et al. has also been proposed as an 
algorithm to determine the risk of LNM for early EAC [24]. The weighted system 
takes into account tumor size, depth of invasion, differentiation and LVI, but has 
been criticized for weighing certain criteria too heavily and others not enough. The 
c-index of the model was 0.82, suggesting utility in differentiating risk categories 
(low risk ≤2% incidence; moderate risk 3–6% incidence; high risk ≥7% incidence).

 Conclusions and Recommendations

ET is an appealing alternative to esophagectomy for T1bN0 esophageal adenocarci-
noma, but the reported rates of LNM remain high. ET often requires multiple pro-
cedures to eradicate disease and relegates a patient to frequent lifelong endoscopic 
surveillance. In contrast, while there have been improvements in outcomes after 
esophagectomy, it remains a high-risk procedure.

Current diagnostic modalities (e.g. PET/CT, EUS-FNA) are fairly good at evalu-
ating tumor burden/depth and lymph node involvement, but the significant impact 
of missing LNM on patient prognosis is not acceptable. This is particularly true 
because adjuvant therapy has limited efficacy in improving long-term prognosis, so 
removal of all disease remains imperative. For patients who are good surgical can-
didates, esophagectomy should be considered the standard of care for T1bN0 
esophageal adenocarcinoma. Even for sm1 tumors, the rate of LNM still remains 
high and these patients should be treated with esophagectomy. For poor surgical 
candidates, ET can be considered after careful discussion with the patient and 
weighing the risk of undertreating with endoscopic therapy relative to the morbid-
ity/mortality of esophagectomy.

Recommendations
• For surgically fit patients, esophagectomy is recommended for T1bN0 

esophageal adenocarcinoma (evidence quality moderate; weak 
recommendation).

• For patients who are not good surgical candidates, endoscopic therapy is 
recommended, particularly for superficial submucosal disease (sm1) with 
low risk features (evidence quality low; weak recommendation).

25 Surgical Resection Versus Endoscopic Therapy for T1bN0 Esophageal…
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 A Personal View of the Data

We frequently find that tumors have a higher T-stage than originally diagnosed on 
EUS, and the risk of leaving untreated lymph nodes is not acceptable. While EUS- 
FNA has become fairly good at detecting nodal disease, the poor prognosis associ-
ated with presence of lymph node disease is a strong motivator to ensure clearance 
of all disease burden and important for post-operative decision making. As a result, 
in our practice, we continue to perform esophagectomy in all qualified patients with 
T1bN0 EAC.
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26Does Induction Therapy for T2N0 
Esophageal Adenocarcinoma Patients 
Improve Survival?

Claire L. Donohoe and John V. Reynolds

 Introduction

Neoadjuvant therapy, either combination chemotherapy and radiation therapy 
(NeoCRT), or pre- and postoperative chemotherapy, is currently the standard of care 
in the management of esophageal adenocarcinoma (EAC), with the CROSS [1] and 
FLOT [2] regimens, respectively, providing the best evidence for such regimens at 
this time [3]. However, the threshold for defining “locally advanced” is not stan-
dardised. Although clinically staged cT3 or cT4, and predicted nodal involvement 
(cN ≥ 1), clearly represents locally advanced disease, most clinical trials of neoad-
juvant approaches also include predicted node negative disease in combination with 
cT3 or cT2 stage. The biggest controversy relates to cT2N0 disease, where the theo-
retic premise for the local and systemic advantage of radiation and chemotherapy, 
respectively, prior to high quality en-bloc oncologic resection, is clearly debatable 
[1, 4–6]. No report from the key RCTs in locally advanced EAC has provided clear 
data that this cohort benefits, consequently there exists no clear randomised Grade 
A recommendation to inform practice. The main contemporary RCTs, comparing 
CROSS and FLOT or FLOT/MAGIC regimens, the ESOPEC [7] and NeoAEGIS 
[8] trials, respectively, also enrolled patients with cT2N0 disease, but are not 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_26&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_26#ESM
mailto:reynoljv@tcd.ie
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stratified on this basis. These trials moreover are likely not to be reported fully for 
approximately 3 years.

One RCT, albeit where 70% of patients had squamous cell cancer, provides rel-
evant points to this discussion. In this study, the French FFCD 9901 trial, 195 
patients with cT1N0//N+, cT2N0/N+ or cT3N0 tumours were assigned to pre- 
operative 5-FU and cisplatin and concurrent 45 Gy RT versus surgery alone [6]. The 
trial was stopped early as the planned enrolment would not show a significant ben-
efit in favor of one arm over the other, with 5 year survival of 41.1% vs. 33.8% in 
the surgery vs. multimodal groups, respectively (p = 0.94). Importantly, neoCRT 
was associated with a near threefold increase in postoperative in-hospital mortality 
(11.4% vs. 3.4%).

A major confounder in making informed decisions on cT2N0 cases is the inac-
curacy of clinical staging. Endoscopic ultrasound (EUS), the gold standard, is vol-
ume and experience-dependent [9]. CT-PET assessment of nodal disease has high 
specificity but low sensitivity, with nodal involvement in up to 50% of predicted 
node negative cases. Under-staging is a bigger clinical issue than over-staging in the 
context of this debate, at 37–62%, compared with approximately 20% of patients 
over-staged (Table 26.1). Accordingly, it a valid thesis that factors associated with 
under-staging may be factored into decision making at tumor boards outside of 
clinical trials. Where patients progress to surgery alone, and where significant nodal 
involvement is identified at pathology, adjuvant therapy will then be recommended 
but this decision is also limited by the lack of high quality randomized data demon-
strating benefit, adding a further layer of complexity to this question. It is probable 
that some patients with pN1-3 disease after surgery alone receive inadequate or 
ineffective adjuvant treatment due to treatment intolerance, with the potential con-
sequence of an inferior outcome to patients treated with neoadjuvant therapy. The 
heterogeneity of cT2N0, in concert with the fact that at best 50% of patients will 
have some response to neoadjuvant chemo and/or radiation therapy, suggests a very 
large cohort of patients would be required to show any treatment benefit in a ran-
domized comparison, with significant implications in trial design.

Consequently, little quality data exists to inform management. In this chapter we 
summarise the available current evidence that may underpin decisions, and our 
interpretation of how this might be applied.

 Search Strategy

Table 26.2 summarises the key PICO question for this chapter. The search strategy 
used the terms (((((((t2n0 esophageal cancer) OR t2n0 esophageal cancer) OR t2n0 
esophageal adenocarcinoma) OR t2n0 esophageal adenocarcinoma) OR t2n0 
esophageal adenocarcinoma) OR t2n0 oesophageal cancer) OR t2n0 oesophageal 
cancer) on PUBMED. This returned 131 papers. Of these, 95 papers were not rele-
vant to the PICO question after reviewing the abstract. Full texts were obtained for 
the remaining papers (n = 36) and the references from these papers were reviewed 
for further relevant papers with two further relevant papers identified.
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 Results

Of 17 RCTs of induction therapy for locally advanced esophageal cancer [3], three 
trials included patients with cT2N0 disease [1, 4, 5]. No trial reported outcomes per 
clinical stage, hence no high quality RCT data exists to inform this question. The 
aforementioned French FFCD 9901 trial recruited from 2000 to 2009 [6], with 57 
of 195 patients having adenocarcinoma. There was no breakdown of either the clini-
cal stage or pathologic stage according to histologic subtype and therefore, it is 
unclear how many of these patients had cT2N0 disease and how many T3 or stage I 
cancers. The trial was stopped early for futility as the planned enrolment would not 
show a significant benefit in favour of one arm over the other.

There have been two systematic reviews which included meta-analyses of retro-
spective observational cohort studies. None include data from randomized trials. To 
date, there are seven studies (Table 26.1) from large population-based or multicentre 
data [10–16] and five studies from single centre cohorts [17–20]. Even the larger 
population-based database studies are prone to bias and thus the evidence base is of 
very low quality.

Mota et al. [21] in 2018 published a meta-analysis of ten cohort studies of cT2N0 
cases including 5265 patients, 1171 with squamous histology, 1620 cases with unre-
ported histology, and 490 cases which may have been duplicated studies. There was 
considerable heterogeneity in the results of the meta-analysis (I2 = 0.60) for overall 
survival at 5  years, but no difference in survival (risk difference: 0.00; 95% CI: 
−0.09, 0.09), and recurrence (risk difference: 0.21; 95% CI: −0.03, 0.45). There 
was a lower probability of involved resection margins after neoadjuvant therapy 
(n = 3723 patients, risk difference 0.04 (0.02–0.06); I2 = 0%). Kidane et al. [22] in 
2019 reported a meta-analysis of nine cohort studies containing 5433 patients 
including 962 cases with squamous histology and 1586 cases with unreported his-
tology. There was no significant difference between the overall survival at 5 years 
(HR: 0.99, 95% CI 0.92–1.08, p = 0.17, I2 = 0%), nor was there an increased risk of 
mortality or major complications. Although both meta-analyses indicate no compel-
ling benefit to neoadjuvant therapy in this clinical scenario, it is difficult to justify 
performing a meta-analysis of the various cohort studies given the degree of hetero-
geneity between the various studies, the large gaps in characterisation of the treated 
populations, and significant potential for bias in each study.

 Sources of Bias in the Literature Base

• Mixture of histologic subtypes in all cohort studies, subtypes not reported sepa-
rately to allow subgroup analysis. We know from the CROSS trial that squamous 
cell cancer (SCC) has at least a twofold enhanced sensitivity to chemoradiation 

Table 26.2 PICO formatted terms for literature search

Patients Intervention Comparator Outcomes
cT2N0 esophageal adenocarcinoma in 
resectable patients

Induction therapy 
then resection

Resection 
without induction

Oncologic 
outcomes
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than adenocarcinomas, and from the broader literature that radical chemoradia-
tion alone may be curative for SCC.

• Mixture of treatment paradigms including differing or unreported chemotherapy 
regimens within and between centres.

• Confounding bias due to the use of adjuvant therapy, which is not reported, espe-
cially within the upfront surgery cohort which may lead to overestimation of the 
results of surgery or underestimate the benefit of neoadjuvant therapy.

• Long time period represented in the studies (1990–2014), an era where changes 
in the patterns of care have evolved, as well as the treatment regimens.

• Staging modalities are not uniform between studies and are frequently not 
reported

• Variability in access to staging resources (EUS/CT-PET) which may influence 
staging accuracy

• Staging accuracy is highly user dependent for EUS
• Selection bias—there is variability according to centre in their approach to cT2N0 

(e.g. all patients have induction therapy, no patients have induction therapy, fitter 
patients or younger patients only have induction therapy). Usual treatment algo-
rithms are not reported. One multicentre study indicated that centres with more 
accurate staging (although staging accuracy was still only correct in 20% versus 
14% in less accurate centres) were more likely to favour a straight to surgery 
approach [15]. In another, higher volume centres favoured an induction approach [13].

Notwithstanding, to date the majority of both database and single centre cohort 
studies do not show a difference in the overall survival or disease specific survival 
at 5 years in patients with cT2N0 tumours who receive induction therapy compared 
with those who have surgery upfront. The major caveats, as listed above, are that 
these are biased studies including both adenocarcinoma and SCC, and a variety of 
treatment modalities including adjuvant therapy in the surgery upfront group and 
variability in the induction treatments delivered.

There is one recent report that is an exception, however. A study from the 
Netherlands on cT2N0 patients, not included in the above meta-analyses [16], 
included data acquired from the Dutch Cancer Registry from all Dutch centres per-
forming esophagectomies for the period 2005–2014, during which most care was 
centralised in high volume centers, this defined as over 20 resections per center. Of 
the 533 patients included, 353 patients had induction therapy by the CROSS proto-
col, and 180 patients had surgery alone. Seventy-nine percent of patients had adeno-
carcinoma. Consistent with other series, under-staging was evident in 62% of cases. 
Propensity score matching (PSM) was used to compare the outcomes of 78 patients 
receiving neoadjuvant CRT to 78 who had surgery alone matched on age, gender, 
histology, surgical approach, referral for esophagectomy, year of diagnosis, and 
hospital volume. The pCR rate was 35%, with an improved R0 resection rate (98% 
versus 88%, p < 0.001) and a reduced proportion with lymph node metastases (82% 
vs. 55%, p < 0.001) in the neoCRT group. Overall survival at 5 years was 48% ver-
sus 36%, p < 0.001, and, in the PSM analysis, 46% versus 33%, p = 0.017 in favor 
of multimodal therapy. Although subject to many potential biases, the relatively 
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large numbers of patients with high quality data and standardised approach to treat-
ment mean that this data is relatively strong, and consistent with a conclusion that 
multimodal therapy may confer some benefit in this cohort.

 Characteristics of Patients Most Likely to Be Upstaged 
with cT2N0 Disease

In the absence of good RCT data, and the high probability of under-staging cT2N0, 
consideration can be made in decision making to the use of adverse tumor charac-
teristics that reflect biological factors with prognostic significance for both survival 
and for under-staging of the disease. The National Cancer Database, which provides 
data on approximately 70% of esophageal cases in the US, reported that 45.7% of 
patients were under-staged at the time of diagnosis, and in these a higher tumour 
grade (OR 9.4; 95% CI 1.8–48.8, P < 0.001) and lymphovascular invasion (OR: 6.0; 
95% CI 2.9–12.5, p < 0.001) were observed compared with patients who were accu-
rately or over-staged at diagnosis [14]. In addition, a systematic review of seven 
studies of cT2N0 tumors (n = 1650) confirmed that depth of invasion, differentia-
tion, tumor size and lymphovascular invasion were predictors of nodal metastases at 
the time of surgical resection [23]. This strongly suggests that proxy markers of 
poor biology such as these should lower the threshold for considering a neoadjuvant 
approach. It is hoped that current and future scientific research and clinical trials 
may determine whether common mutational driver events, or high mutational bur-
den, or growth factors such as VEGF, Her2, or HGF may have an additional prog-
nostic value in guiding treatment selection [24, 25].

 Decision Analysis

In an attempt to integrate the best evidence into clinical decision making, 
Semenkovich et al. [26] performed a decision analysis study largely based on the 
data from the National Cancer Database (NCDB). This permitted testing of out-
comes over a range of clinical scenarios, and included the limitations of EUS in this 
cohort and potential adverse postoperative morbidity. The probabilities for up- 
staging, same-staging and down-staging were set at 0.341, 0.243, and 0.416, respec-
tively, and an assumption set that the ratio of upstaging with induction therapy 
compared to surgery upfront at 0.82. In the surgery upfront group a rate of 50% use 
of adjuvant therapy in those initially under-staged in the surgery upfront was chosen 
based on NCDB data [26]. Although the median survival for induction therapy and 
surgery only was similar in the baseline model, a threshold for a probability of 
upstaging with EUS was identified at 48.1%, whereby induction therapy would be 
more likely to result in benefit for patients compared to upfront surgery. The pres-
ence of any of three key variables (size ≥ 3 cm, high grade, or lymphovascular inva-
sion) was associated with a greater than 48.1% risk of upstaging, with a purported 
advantage to induction chemoradiation based on the sensitivity analysis.
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In another study using NCDB data, of 932 patients with cT2N0 where 52.2% had 
surgery alone, Samson et al. reported that 45.7% were upstaged, of whom 44.2% 
had adjuvant therapy, with a median overall survival of 27.5 ± 2.5 months compared 
with 43.9 ± 2.9 months for induction therapy [14]. Upstaged patients had higher 
lymphovascular invasion (OR 6; 95% CI: 1.8–48.4; p < 0.001), and tumor grade 3 
(OR 9.4; 95% CI 1.8–48; p = 0.007). Although the caveat remains that all studies are 
subject to bias, this notwithstanding, the data is consistent with a thesis that tumor 
size, differentiation, and lymphovascular invasion are useful surrogates of under-
staging and adverse biology that can inform decision making in the absence of 
Level I evidence from RCTs.

 Conclusions and Recommendations

Where systems exist, patients with cT2N0 adenocarcinomas should be prospec-
tively entered into high quality databases with accurate recording of clinical vari-
ables so that their outcomes may be studied. Patients with longer tumours (≥3 cm), 
poor differentiation, or lymphovascular invasion are more likely to have lymph node 
involvement and therefore, should be considered for neoadjuvant induction therapy 
rather than surgery upfront. There are no high quality data to support the use of 
induction therapy in this cohort. Therefore, clinicians should be prepared to help 
patients make decisions consistent with their own values and preferences in a shared 
decision making approach. Proxies of adverse biology, or of predicted under- 
staging, including tumor length, lymphovascular invasion, and poor differentiation, 
alone and particularly in combination, may support a decision to use induction ther-
apy rather than upfront surgery.

 A Personal View of the Data

Current NCCN guidelines [27] recommend upfront surgery for clinically staged 
T2N0 tumours which are <2 cm and well differentiated with no adverse pathologic 
features, and induction chemoradiation therapy for cT2N0 otherwise [14, 28]. 
However a stricter interpretation of the literature would denote tumor length ≥3 cm, 
poor differentiation, or lymphovascular invasion as being more likely to be under-
staged and hence a more compelling argument exists for neoadjuvant therapy. 
Conversely, if limited muscularis propria involvement is identified, and no adverse 
pathology exists, then EMR/ESD may merit consideration. Experience from the 
MD Anderson Cancer Center of attempted EMR in 30 of 75 patients staged with 

Recommendations
• Patients with longer tumours (≥3 cm), poor differentiation, or lymphovas-

cular invasion should be considered for neoadjuvant therapy followed by 
surgery (evidence quality low, weak recommendation).
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cT2N0 resulted in successful removal of all tumor with negative margins in 17/30 
patients, with 12 representing pT1a and five pT1b [29]. There were no perforations 
in this series. This was performed for older patients or smaller tumors, and low 
SUVmax, suggesting that EMR/ESD as advocated by the current AJCC/UICC 
guidelines will lead to improvements in T staging and a better selection of patients 
who may proceed to surgery without induction therapy, and possibly to an endo-
scopic therapy approach in pT1a patients. Where adverse biological features exist, 
as discussed above, we favour induction therapy at this time.

Clearly an RCT focused on cT2N0 in adenocarcinoma of the esophagus is desir-
able, comparing neoadjuvant best regimens such as CROSS or FLOT with surgery 
alone. However, a clinical trial addressing superiority or non-inferiority is likely to 
be a daunting undertaking with respect to power calculations, and it is possible that 
this will never be undertaken. The ESOPEC [7] and Neo-AEGIS [8] trials may pro-
vide some useful outcome data from subgroup analysis, particularly if data sets can 
be combined. For the moment, a pragmatic approach is to try to amalgamate high 
quality data from high volume systems with a uniform approach to staging and 
induction therapy techniques. Larger studies of well characterised patients will give 
us more certainty about whether, on balance, a large enough cohort of these patients 
benefit from induction with acceptable levels of harm.

There is clearly no strong evidence from RCTs, meta-analyses, or case series 
with or without propensity matching to support neoadjuvant therapy prior to sur-
gery. The inaccuracy of staging, the inability to avoid bias, and lack of RCTs, are 
key factors. Another real difficulty in approach the individual patient is that not all 
patients are responders to induction therapy and therefore, the answer to the dilemma 
of what to recommend for patients with cT2N0 disease will be the ability to predict 
upfront whether a patient will respond to induction therapy regardless of their clini-
cal stage. It is hoped that advances in technology and scientific understanding of the 
biology of esophageal adenocarcinoma will enable decision making in the future. 
For now, early EUS detected T2 lesions that are small and PET-negative should be 
considered for EMR/ESD, larger lesions with no clinical or pathologic adverse fea-
tures should undergo surgery alone. Finally, outside of clinical trials, a reasonable 
interpretation of the literature is that larger lesions that are intensely FDG avid on 
PET scan, with adverse histological factors such as poor differentiation or lympho-
vascular invasion may be offered induction therapy due to high probability of under-
staging, particularly for node positively, and a more aggressive biology.

Acknowledgements Disclosures: The authors have no disclosures.

References

 1. van Hagen P, Hulshof MCCM, van Lanschot JJB, Steyerberg EW, van Berge Henegouwen MI, 
Wijnhoven BPL, et al. Preoperative chemoradiotherapy for esophageal or junctional cancer. 
New Engl J Med. 2012;366(22):2074–84.

 2. Al-Batran S-E, Homann N, Pauligk C, Goetze TO, Meiler J, Kasper S, et al. Perioperative 
chemotherapy with fluorouracil plus leucovorin, oxaliplatin, and docetaxel versus fluoroura-

26 Does Induction Therapy for T2N0 Esophageal Adenocarcinoma Patients Improve…



314

cil or capecitabine plus cisplatin and epirubicin for locally advanced, resectable gastric or 
gastro-oesophageal junction adenocarcinoma (FLOT4): a randomised, phase 2/3 trial. Lancet. 
2019;393(10184):1948–57.

 3. Sjoquist KM, Burmeister BH, Smithers BM, Zalcberg JR, Simes RJ, Barbour A, et al. Survival 
after neoadjuvant chemotherapy or chemoradiotherapy for resectable oesophageal carcinoma: 
an updated meta-analysis. Lancet Oncol. 2011;12(7):681–92.

 4. Tepper J, Krasna MJ, Niedzwiecki D, Hollis D, Reed CE, Goldberg R, et al. Phase III trial 
of trimodality therapy with cisplatin, fluorouracil, radiotherapy, and surgery compared with 
surgery alone for esophageal cancer: CALGB 9781. J Clin Oncol. 2008;26(7):1086–92.

 5. Walsh TN, Noonan N, Hollywood D, Kelly A, Keeling N, Hennessy TPJ.  A compari-
son of multimodal therapy and surgery for esophageal adenocarcinoma. N Engl J Med. 
1996;335(7):462–7. PubMed PMID: 8672151.

 6. Mariette C, Dahan L, Mornex F, Maillard E, Thomas P-A, Meunier B, et al. Surgery alone ver-
sus chemoradiotherapy followed by surgery for stage I and II esophageal cancer: final analysis 
of randomized controlled phase III trial FFCD 9901. J Clin Oncol. 2014;32(23):2416–22.

 7. Hoeppner J, Lordick F, Brunner T, Glatz T, Bronsert P, Röthling N, et al. ESOPEC: prospec-
tive randomized controlled multicenter phase III trial comparing perioperative chemotherapy 
(FLOT protocol) to neoadjuvant chemoradiation (CROSS protocol) in patients with adenocar-
cinoma of the esophagus (NCT02509286). BMC Cancer. 2016;16(1):503.

 8. Reynolds J, Preston S, O’neill B, Baeksgaard L, Griffin S, Mariette C, et al. ICORG 10-14: 
NEOadjuvant trial in Adenocarcinoma of the oEsophagus and oesophagoGastric junction 
International Study (Neo-AEGIS). BMC Cancer. 2017;17(1):401.

 9. van Vliet EP, Eijkemans MJ, Poley J-W, Steyerberg EW, Kuipers EJ, Siersema PD. Staging of 
esophageal carcinoma in a low-volume EUS center compared with reported results from high- 
volume centers. Gastrointest Endosc. 2006;63(7):938–47.

 10. Markar SR, Gronnier C, Pasquer A, Duhamel A, Beal H, Théreaux J, et al. Role of neoadjuvant 
treatment in clinical T2N0M0 oesophageal cancer: results from a retrospective multi-center 
European study. Eur J Cancer. 2016;56:59–68.

 11. Martin JT, Worni M, Zwischenberger JB, Gloor B, Pietrobon R, D’Amico TA, et al. The role 
of radiation therapy in resected T2 N0 esophageal cancer: a population-based analysis. Ann 
Thorac Surg. 2013;95(2):453–8.

 12. Speicher PJ, Ganapathi AM, Englum BR, Hartwig MG, Onaitis MW, D’Amico TA, et  al. 
Induction therapy does not improve survival for clinical stage T2N0 esophageal cancer. J 
Thorac Oncol. 2014;9(8):1195–201.

 13. Crabtree TD, Kosinski AS, Puri V, Burfeind W, Bharat A, Patterson GA, et al. Evaluation of the 
reliability of clinical staging of T2 N0 esophageal cancer: a review of the Society of Thoracic 
Surgeons database. Ann Thorac Surg. 2013;96(2):382–90.

 14. Samson P, Puri V, Robinson C, Lockhart C, Carpenter D, Broderick S, et al. Clinical T2N0 
esophageal cancer: identifying pretreatment characteristics associated with pathologic upstag-
ing and the potential role for induction therapy. Ann Thorac Surg. 2016;101(6):2102–11.

 15. Atay SM, Correa A, Hofstetter WL, Swisher SG, Ajani J, Altorki NK, et al. Predictors of stag-
ing accuracy, pathologic nodal involvement, and overall survival for cT2N0 carcinoma of the 
esophagus. J Thorac Cardiovasc Surg. 2019;157(3):1264–72.e6.

 16. Goense L, Visser E, Haj Mohammad N, Mook S, Verhoeven RHA, Meijer GJ, et al. Role of 
neoadjuvant chemoradiotherapy in clinical T2N0M0 esophageal cancer: a population-based 
cohort study. Eur J Surg Oncol. 2018;44(5):620–5.

 17. Rice TW, Blackstone EH, Adelstein DJ, Zuccaro G Jr, Vargo JJ, Goldblum JR, et al. Role of 
clinically determined depth of tumor invasion in the treatment of esophageal carcinoma. J 
Thorac Cardiovasc Surg. 2003;125(5):1091–102.

 18. Zhang JQ, Hooker CM, Brock MV, Shin J, Lee S, How R, et al. Neoadjuvant chemoradiation 
therapy is beneficial for clinical stage T2 N0 esophageal cancer patients due to inaccurate 
preoperative staging. Ann Thorac Surg. 2012;93(2):429–37.

 19. Hardacker TJ, Ceppa D, Okereke I, Rieger KM, Jalal SI, LeBlanc JK, et al. Treatment of clini-
cal T2N0M0 esophageal cancer. Ann Surg Oncol. 2014;21(12):3739–43.

C. L. Donohoe and J. V. Reynolds



315

 20. Dolan J, Kaur T, Diggs B, Luna R, Sheppard B, Schipper P, et al. Significant understaging is 
seen in clinically staged T2N0 esophageal cancer patients undergoing esophagectomy. Dis 
Esophagus. 2016;29(4):320–5.

 21. Mota F, Cecconello I, Takeda F, Tustumi F, Sallum R, Bernardo W. Neoadjuvant therapy or 
upfront surgery? A systematic review and meta-analysis of T2N0 esophageal cancer treatment 
options. Int J Surg. 2018;54:176–81.

 22. Kidane B, Korst RJ, Weksler B, Farrell A, Darling GE, Martin LW, et al. Neoadjuvant therapy 
vs upfront surgery for clinical T2N0 esophageal cancer: a systematic review. Ann Thorac Surg. 
2019;108(3):935–44.

 23. Al-Kaabi A, van der Post RS, Huising J, Rosman C, Nagtegaal ID, Siersema PD. Predicting 
lymph node metastases with endoscopic resection in cT2N0M0 oesophageal cancer: a system-
atic review and meta-analysis. United European Gastroenterol J. 2020;8:35.

 24. Visser E, Franken IA, Brosens LA, Ruurda JP, van Hillegersberg R. Prognostic gene expres-
sion profiling in esophageal cancer: a systematic review. Oncotarget. 2017;8(3):5566.

 25. The Cancer Genome Atlas Research Network, Kim J, Bowlby R, Mungall AJ, Robertson 
AG, Odze RD, et al. Integrated genomic characterization of oesophageal carcinoma. Nature. 
2017;541:169.

 26. Semenkovich TR, Panni RZ, Hudson JL, Thomas T, Elmore LC, Chang S-H, et al. Comparative 
effectiveness of upfront esophagectomy versus induction chemoradiation in clinical stage T2N0 
esophageal cancer: a decision analysis. J Thorac Cardiovasc Surg. 2018;155(5):2221–30.e1.

 27. Ajani JA, D’Amico TA, Bentrem DJ, Chao J, Corvera C, Das P, et al. Esophageal and esopha-
gogastric junction cancers, Version 2.2019, NCCN Clinical Practice Guidelines in Oncology. J 
Natl Compr Cancer Netw. 2019;17(7):855–83.

 28. Haisley KR, Hart KD, Fischer LE, Kunio NR, Bakis G, Tieu BH, et al. Increasing tumor length 
is associated with regional lymph node metastases and decreased survival in esophageal can-
cer. Am J Surg. 2016;211(5):860–6.

 29. Nelson DB, Mitchell KG, Weston BR, Betancourt S, Maru D, Rice DC, et al. Should endo-
scopic mucosal resection be attempted for cT2N0 esophageal cancer? Dis Esophagus. 
2019;32(10):1–6.

26 Does Induction Therapy for T2N0 Esophageal Adenocarcinoma Patients Improve…



317© Springer Nature Switzerland AG 2020
M. K. Ferguson (ed.), Difficult Decisions in Thoracic Surgery,  
Difficult Decisions in Surgery: An Evidence-Based Approach, 
https://doi.org/10.1007/978-3-030-47404-1_27

A.-M. Misariu 
Division of Thoracic and Upper GI Surgery, McGill University, Montreal, QC, Canada 

L. Ferri (*) 
Division of Thoracic and Upper GI Surgery, McGill University, Montreal, QC, Canada 

Division of Thoracic Surgery, Montreal General Hospital, McGill University,  
Montreal, QC, Canada
e-mail: lorenzo.ferri@mcgill.ca
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in Esophagectomy Candidates?
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 Introduction

 Sarcopenia and Frailty as Predictors of Post-operative Outcomes

With a median age at diagnosis between 65 and 70 and a higher proportion of elderly 
patients being considered for curative multimodal therapy, esophageal cancer 
patients are considered high risk with associated deconditioning, increased comor-
bidities, polypharmacy, decreased functional capacity and cardiorespiratory fitness 
[1–5]. Given the aging population, pre-operative risk assessment and patient selec-
tion remain a challenge and functional age rather than chronological age should 
guide treatment decisions. Recently, the idea of assessing frailty and sarcopenia as 
surgical risk factors has been coming to the fore, as they are linked to a loss of 
physical and functional reserve [6–14]. Frailty confers vulnerability to physiologi-
cal stressors and has been associated with increased surgical complications and hos-
pital length of stay as well as post-discharge institutionalization [8, 15, 16]. 
Esophageal cancer patients are prone to develop sarcopenia, a syndrome character-
ised by progressive and generalised loss of skeletal muscle mass and function, as an 
individual and combined effect of esophageal tumour obstruction and dysphagia, as 
well as neoadjuvant or adjuvant treatment toxicity [5, 17–19]. Sarcopenia has been 
directly correlated with major post-operative complications as well as decreased 
overall and disease-free survival [20–24].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_27&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_27#ESM
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Considering the association of frailty and sarcopenia with increase post- operative 
complications and length of stay, prolonged functional recovery, inability to com-
plete neoadjuvant or adjuvant therapy and poor post-operative quality of life (QOL), 
strategies to mitigate their effect are mandated [25–28]. In the last decade, focus has 
shifted to the pre-operative period as it constitutes an opportune time to optimize an 
individual’s functional capacity, nutritional status and psychological well-being to 
withstand the stress of major surgical intervention. This concept has been coined 
“prehabilitation” [29–31].

 “Prehabilitation”: A Fundamental Principle of ERAS

Traditionally, surgical recovery in Enhanced Recovery After Surgery (ERAS) has 
mostly been addressed through post-operative rehabilitation, with the pre-operative 
phases consisting of physiological and comorbidity optimization solely. Although 
the implementation of ERAS protocols have shown a positive effect on length of 
stay (LOS), resource use and short-term outcomes, complication rates following 
major abdominal surgery are still between 25% and 55% [20, 32–35]. While these 
outcomes have been of great interest to clinicians and researchers, in the patients’ 
perspective a return to baseline function and daily activities is an essential aspect of 
recovery [36]. Surgeons often compare the stress of undergoing major surgery on 
one’s body to that of running a marathon. However, running a marathon without 
physical, nutritional, and mental training seems absurd, and so does the concept of 
undergoing a complex surgery without similar training and optimization in func-
tional capacity. Since strong evidence supports the relation between functional 
capacity and post-surgical outcomes, the implementation of multimodal prehabilita-
tion programs consisting of nutritional intervention, psychological intervention 
(e.g., anxiety reduction), in addition to structured and goal-directed exercise pro-
grams have recently garnered interest [25, 37, 38]. This provides patients with the 
reserve to withstand the stress of major surgery in order to maximize functional 
recovery [30].

For instance, studies in colorectal surgery have shown that significant improve-
ment in functional capacity can be achieved in as little as 3 weeks [39]. A study 
published by Minella et al. assessed the effect of trimodal prehabilitation (exercise, 
nutrition and anxiety reduction) 4 weeks before colorectal surgery by re-analyzing 
the data of one pilot study and two randomized control trials (one unpublished) 
from 2010 to 2015 at our center. The study found a significantly higher preoperative 
improvement in physical fitness in those patients who underwent multimodal preha-
bilitation [68 (60%) vs. 15 (21%), p < 0.001] as well as an increase in 6-min walk 
test (6 MWT) to above their baseline at 8 weeks post-operatively [40]. Results of 
similar RCTs and large cohort studies have been included in several systematic 
reviews which confirmed the ability of prehabilitation to improve physical perfor-
mance and functional capacity [41–46].

Despite these interesting findings and promising results, few well-designed stud-
ies have evaluated the effect of multimodal prehabilitation in esophageal cancer 
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surgery and current recommendations by the ERAS guidelines have been limited to 
extrapolated results from previously mentioned RCTs in colorectal surgery or mixed 
“major abdominal” surgery [47]. This chapter aims to review whether frailty and 
sarcopenia in esophagectomy candidates can be mitigated using a multidisciplinary 
prehabilitation program.

 Search Strategy

We conducted a literature search of English articles from 2000 to 2019 in MEDLINE 
and EMBASE (via OVID) and the Cochrane Central Register of Controlled Trials 
(CENTRAL) from 2000 to 2019. Table 27.1 shows the patient–intervention–com-
parison–outcome (PICO) scheme used to construct the search. The search strategy 
and search terms that were used for this research are detailed in Table  27.2. 
Additional studies were identified by a manual search of bibliographic references of 
relevant articles and existing reviews. Due to the limited number of studies assess-
ing esophagectomy only, the search was extended to include patients undergoing 
gastric cancer surgery. Studies assessing mixed gastrointestinal surgeries or “major 
abdominal surgery” were excluded. Ten randomized control trials (RCTs) and four 
cohort studies were included in our analysis [48–61]. The data were classified using 
the GRADE system. A summary of the study characteristics and outcomes derived 
from our literature review using the search strategy previously described is provided 
in Table 27.3. A range of outcomes were reported, including functional capacity (as 
measured by 6  MWT, hand-grip strength or gait speed), overall complications, 
infective complications, pulmonary complications and LOS.

 Results

 Exercise

Exercise prehabilitation as a unimodal intervention was investigated in six studies. 
Preoperative exercise programs included either one or a combination of aerobic 
exercise, strength training and inspiratory muscle training (IMT) or breathing exer-
cises. Among the five esophagectomy studies, two studies utilized a whole-body 
exercise program in combination with IMT and assessed pulmonary complications 
only, which were significantly decreased in patients undergoing the preoperative 
intervention in both studies [48, 51]. The remaining studies included IMT only and 

Table 27.1 Patient–intervention–comparison–outcome (PICO) scheme

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Esophagogastric 
surgery patients

Prehabilitation 
prior to resection

Resection without 
prehabilitation

Functional capacity, 
postoperative outcomes, 
length of stay

27 Can Frailty and Sarcopenia Be Mitigated in Esophagectomy Candidates?
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none of them found to have a significant difference in pulmonary complications or 
post-operative outcomes despite an improvement in pulmonary function [49, 50, 
52]. A subgroup analysis of the PREPARE trial performed by Guinan et al. was the 
only study that assessed the impact of IMT on functional outcomes, which surpris-
ingly were worse in the intervention group. The authors suggested that the observed 
effects were due to almost double the amount of moderate-intensity exercise 

Table 27.2 Search Strategy (application to MEDLINE Ovid and EMBASE)

1.  Prehabilitation.mp. 19.  ((stomach or gastric) adj3 (cancer∗ or neoplas∗ 
or carcinoma∗ or tum?or∗ or malignan∗)).
ti,ab,kw,kf.

2.  (pre-hab∗ or prehab∗).mp. 20.  ((Gastro-Esophageal or “upper 
gastrointestinal∗” or “upper GI” or “upper 
abdominal” or gastroesophag∗) adj3 (cancer∗ 
or neoplas∗ or carcinoma∗ or tum?or∗ or 
malignan∗)).ti,ab,kw,kf.

3.  rehabilitation/or early ambulation/ 21.  (“upper GI surg∗” or “upper gastrointestinal 
surg∗” or “upper abdominal surg∗”).ti,ab,kw,kf.

4.  rehabili∗.ti,ab,kw,kf. 22.  or/16-21

5.  preoperative period/ 23.  5 or 6 or 7
6.  Preoperative Care/ 24.  exp Nutrition Therapy/
7.  ((preoperative or pre-operative) adj2 

(care or procedure∗ or rehabilitation 
or period or education or evaluation 
or treatment)).ti,ab,kw,kf.

25.  (nutrition∗ or diet∗).ti,ab,kw,kf.

8.  exp Exercise/ 26.  ((exercis∗ or nutrition∗ or diet∗) adj2 
optimization∗).ti,ab,kw,kf.

9.  exercis∗.ti,ab,kw,kf. 27.  1 or 2 or 3 or 4 or 8 or 9 or 10 or 11 or 12 or 13 
or 14 or 15 or 24 or 25 or 26

10.  exp Exercise Therapy/ 28.  23 and 27
11.  preconditioning.ti,ab,kw,kf. 29.  22 and 28
12.  physical therapy modalities/or 

exercise movement techniques/or 
breathing exercises/

30.  1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 
11 or 12 or 13 or 14 or 15 or 24 or 25 or 26

13.  physical therap∗.ti,ab,kw,kf. 31.  22 and 30

14.  “Physical Education and Training”/ 32.  limit 31 to (english language and yr=“2000 
–Current”)

15.  “Physical Education and Training”.
ti,ab,kw,kf.

16.  esophageal neoplasms/or 
esophageal squamous cell 
carcinoma/

17.  ((Oesophag∗ or Esophag∗) adj3 
(cancer∗ or neoplas∗ or carcinoma∗ 
or malignan∗ or tum?or∗)).
ti,ab,kw,kf.

18.  Stomach Neoplasms/

A.-M. Misariu and L. Ferri
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recorded by the control group. While IMT has a positive effect on inspiratory func-
tion, it had minimal impact on overall functional status, and aerobic activity could 
be more effective [50]. The only gastrectomy study included was retrospective in 
nature and concluded that post-operative complications were reduced with the inter-
vention, however measures of functional capacity were not reported [53].

 Nutrition and Immunonutrition

Unimodal nutrition and immunonutrition was assessed in five trials with a duration 
of intervention ranging from 5 days to at least 10 days, and none assessed functional 
capacity as an outcome. Two RCTs analysing the role of pre-operative immunonu-
trition in esophagectomy concluded that immune-enhancing preoperative diet could 
not be recommended due to limited effects on post-operative outcomes [55, 56]. 
Only one retrospective study in esophagectomy found a reduction in overall compli-
cations [54]. In contrast, one retrospective study and one RCT assessing pre- 
operative nutrition only in gastric cancer surgery found that infective complications 
and LOS were decreased [57, 58].

 Multimodal Prehabilitation

Three RCTs looking at the effect of multimodal prehabilitation using combination 
of exercise, nutrition and mental well-being were identified. The two RCTs in 
esophagectomy patients revealed an improvement in functional capacity [59, 60]. A 
single-blind RCT performed at our centre, McGill University, which included 51 
patients, showed an improvement in 6 MWD both before and after surgery, however 
no statistical difference in LOS or overall complications were demonstrated [60]. 
This is likely due to the fact that both RCTs were not powered to determine associa-
tion between physical fitness and post-operative complications or length of stay. 
Patients undergoing gastrectomy in a small RCT of 22 patients by Yamamoto et al. 
found that prehabilitation in elderly sarcopenic patients led to a non-significant 
improvement in functional capacity as measured by gait speed, while body mass 
and complication rates were equivalent [61].

 Conclusions and Recommendations

Prehabilitation studies in esophagectomy and gastrectomy are extremely heteroge-
neous in their prehabilitation regimen and reported outcomes, making results diffi-
cult to interpret. Currently, our center’s single-blind RCT is the only available 
well-designed study providing moderate quality evidence on the ability of multi-
modal prehabilitation to improve functional capacity and mitigate the effects of 
sarcopenia and frailty in esophagectomy [60]. Additionally, extrapolated results 
from studies in upper gastrointestinal surgery and gastrectomy as well as major 
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abdominal oncologic surgery, including colorectal surgery, have shown that preha-
bilitation accelerates functional recovery and is mandated within ERAS as it repre-
sents its clinical and scientific development. Results of multiple ongoing trials, 
including one from our center, will allow for a better assessment of whether or not 
gains in physical fitness translate to significant improvements in clinical and onco-
logical outcomes post-esophagectomy [62]. Future trials should utilize uniform end 
points to measure functional capacity, as well as ideal markers to gauge the global 
benefit of prehabilitation.

 A Personal View of the Data

Sarcopenia and frailty are prevailing adverse effects of esophagogastric cancer and 
its treatment, with negative consequences on post-operative recovery and quality of 
life as well as care adherence. However, these modifiable risk factors can be miti-
gated through prehabilitation, which, unlike the traditional approach of rehabilita-
tion, prevents rather than cures functional consequences of cancer therapy. Despite 
the scarce number of trials on prehabilitation in esophagectomy, our recently pub-
lished RCT demonstrated that a structured preoperative conditioning intervention is 
feasible, safe, and efficacious for preventing functional impairment before and after 
surgical treatment for upper gastrointestinal cancer. By extrapolating data from pub-
lications on prehabilitation in colorectal surgery and those from studies in major 
abdominal surgery, we recommend prehabilitation in our esophagectomy candi-
dates. Emergent data from multiple ongoing trials will provide additional informa-
tion to direct future recommendations.
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 Introduction

Enhanced recovery protocols are multi-modal with defined goals that are aimed at 
reducing the surgical stress response, improving postoperative recovery, and hasten-
ing return of functional status following major surgery. Enhanced recovery proto-
cols were first introduced in 1997, focusing on risk factors associated with 
post-operative morbidity and length of stay [1]. This led to the introduction of a 
specific multimodality pathway in colonic surgery in 1999, and subsequent further 
widespread adoption. Several studies have shown improvements in clinical out-
comes with the utilisation of enhanced recovery protocols in colonic surgery. It has 
been directly linked to decreases in length of stay [2, 3] and reductions in the inci-
dence and severity of postoperative complications [4, 5]. This has led to a panacea 
in change to recovery in colonic surgery and the generation of a consensus state-
ment for a standardised protocol for colonic surgery in 2005. This has provided the 
driving force for enhanced recovery to be adopted subsequently by several other 
subspecialties [6–15].

Despite advances in care, esophagectomy is still associated with high levels of 
mortality (30-day 2.4% and 90-day 4.5%) and morbidity rates varying between 
40% and 80% [13]. There are potential barriers in utilisation of enhanced recovery 
protocols in esophagectomy due to the complexity of the procedure and the hetero-
geneity in surgical technical approaches used, as well as controversy regarding spe-
cific components of enhanced recovery such as early enteral nutrition. Enhanced 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_28&domain=pdf
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recovery in the setting of esophageal cancer surgery was first introduced in 2004 
[14], and since then several studies have investigated the effect of Enhanced 
Recovery After Surgery (ERAS) in this patient cohort. Recently, enhanced recovery 
recommendations specifically for esophagectomy have been published with the aim 
to standardise patients’ perioperative care, allowing routine application and audit of 
compliance to improve patients’ clinical outcomes [15].

 Search Strategy

A systematic literature search was performed (January 1950 to August 2019) using 
MEDLINE, Embase, Web of Science, and the Cochrane Library databases. Search 
terms used were ‘(o)esophagectomy’, ‘enhanced recovery’, ‘fast track’, ‘clinical 
pathway’, ‘(o)esophageal cancer’, and ‘(o)esophageal disease’, and the medical 
subject headings (MeSH) terms ‘(o)esophagectomy’, ‘(o)esophageal neoplasm’, 
‘critical pathways’ were used in combination with Boolean operators AND or 
OR. The search strategy is highlighted in Table 28.1. Articles were excluded if they 
were not in English and if only single component of an enhanced recovery protocol 
was assessed rather that the full multi-component pathway.

 Results

The initial search yielded 1230 articles, and 25 articles were selected for inclusion 
[15–39]: 18 cohort studies (both prospective and retrospective); one combined pro-
spective and retrospective study; three non comparative studies; and three random-
ized controlled trials (Tables 28.2 and 28.3). There are variations in enhanced 
recovery protocols utilised in published studies, however, despite this there appears 
to be generalised consensus amongst studies regarding two domains: early mobili-
sation and removal of epidural catheters within 5 days post operatively.

 General Outcomes

The key aim of enhanced recovery is to improve postoperative recovery, which is 
often measured by post-operative outcomes most commonly being length of hospi-
tal stay (defined at the time from surgery to discharge from hospital), in-hospital 
mortality, and postoperative complications, specifically anastomotic leak and 

Table 28.1 PICO formatted terms for literature search

Patient population Intervention Comparator Outcomes
Esophagectomy 
patients

Enhanced 
recovery protocol

No enhanced 
recovery protocol

LOS, anastomotic leak, 
morbidity, mortality, pulmonary 
complications

LOS length of hospital stay
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pulmonary complications. The studies have shown conclusive evidence of the posi-
tive effect of enhanced recovery on measured clinical outcomes. Early postoperative 
mobilization has advantages of improving cardiovascular and pulmonary function-
ing and reduces the risk of thromboembolic complications [1].

 Complications

The most dreaded complication in esophagectomy is anastomotic leak. Interestingly, 
anastomotic leak was persistently lower in ERAS groups in comparison to non- 
ERAS groups [16, 18, 24, 26]. However, it is crucial to highlight that there was no 
standard definition of anastomotic complications in these different studies, and thus 
leaks may have also included subclinical manifestations. This may explain the dif-
ference in the absolute leak rate among studies and specifically the high rate of 
anastomotic leaks reported by Shewale et al. [29] in comparison to other reports.

Reduction in pulmonary complications and length of stay was evident in the 
ERAS groups, with a mean length of stay <12 days compared to a mean length of 
stay of up to 19 days in the conventional care groups. Enhanced recovery has also 
led to reduction in mortality rates in comparison to traditional care.

 Effects of Individual Components of ERAS

In focusing on specific components, one can understand the differences in outcomes 
observed. Perioperative fluid management and fluid overload has been correlated 
with increased post-operative complications, particularly pulmonary complications 
[39, 40]. Interestingly, in esophagectomy cases, goal-directed fluid therapy has not 
been highlighted in most enhanced recovery protocol studies. Goal-directed fluid 
therapy to avoid hypervolemia is advocated, as fluid overload has been shown to be 
associated with higher rates of anastomotic leak and pneumonia [41]. In addition, 
goal-directed fluid therapy has been shown to improve postoperative gastrointesti-
nal recovery and ambulation as well as postoperative nutritional status and protein 
synthesis [42, 43].

Immediate postoperative extubation demonstrated its beneficial effect in other 
types of surgery with measurable improvements in length of ICU stay [44, 45]. 
However, no difference was found for the enhanced recovery post-esophagectomy 
studies not implementing this in their protocol.

Routine NG tube placement and removal within 5 days, with or without confir-
matory contrast study to ensure conduit emptying, is the current practice in the 
majority of published studies. Only a few studies provided evidence against the 
routine use of NG tube by showing that NG tubes can increase the risk of postopera-
tive respiratory tract infection and also are potentially associated with higher rates 
of anastomotic leak [46, 47].

A fundamental aspect of enhanced recovery is early enteral feeding, which 
remains the most controversial and discussed component in oesophagectomy 
patients due the concern that early feeding can lead to anastomotic leak and 
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aspiration. Early enteral feeding in gastrointestinal surgery has been shown to lead 
to a significant reduction in major infectious complications, respiratory complica-
tions, and gastrointestinal complications specifically anastomotic leak [48]. In 
esophageal surgery, early jejunostomy feeding on the day of surgery along with oral 
intake on day 4 did not seem to have an effect on the anastomotic leak rate [49]. 
Similarly, enteral feeding via feeding tube was shown to reduce anastomotic leak, 
wound and other infections, pneumonia, and mortality, and had an associated reduc-
tion of length of stay [49].

A major challenging component of postoperative care is pain control, as suffi-
cient pain control decreases cardiopulmonary complications, length of hospital stay, 
and mortality. There is still controversy regarding optimal postoperative analgesic 
protocols for esophagectomy, and heterogeneous surgical techniques from open to 
hybrid to minimally invasive approaches may have different analgesic requirements. 
Epidural analgesia is currently the gold standard for analgesia post esophagectomy, 
which is associated with improved postoperative pain relief, earlier recovery of gas-
trointestinal function, earlier extubation, and earlier mobilization. However, anasto-
motic leak was not statistically different with the use of epidural [50]. In later 
studies, Li et al. [51] in a cohort of 587 patients have shown that the use of epidural 
in esophagectomy has led to significantly reduced rate of pneumonia from 32% to 
19.7% and anastomotic leak from 23.0% to 14.0%. Michelet et al. [52] have also 
shown that that epidural analgesia is associated with a decreased incidence of anas-
tomotic leak. In addition, paravertebral blocks have been used for the chest and 
abdominal incisions in esophagectomy, as the paravertebral space is continuous 
between the thorax and abdomen. The benefits of paravertebral blocks in the setting 
of thoracotomy have been reported [53, 54]. Paravertebral block in the setting of 
esophagectomy was first reported in 1988 with a limited number of reports pub-
lished subsequently [55]. A randomised prospective study of bilateral paravertebral 
blocks demonstrated better preservation of pulmonary function and reduced length 
of hospital stay in comparison to intravenous patient controlled analgesia (PCA) 
[56]. Furthermore, combining epidural analgesia with paravertebral block has been 
shown to be safe and effective, with a reduced frequency of hypotensive episodes 
and a shorter time to ambulation [57].

Early postoperative enteral nutrition from feeding jejunostomy reduces the pro-
duction of inflammatory cytokines by preserving the gut mucosal barrier and pre-
venting bacterial translocation [58]. Indeed, early enteral nutrition reduced the 
duration of systematic inflammatory response syndrome after esophagectomy in 
our previous study [59, 60].

Minimally invasive surgery has been a major advancement in the field with mini-
mally invasive esophagectomy (MIE) being first introduced in 1992 [61]. MIE has 
been shown to be a feasible technique with good oncological outcomes [62–64]. 
However, to date the majority of resections are carried out through an open tech-
nique [65]. No studies have yet been conducted comparing MIE as an element of 
enhanced recovery program to conventional care with an open surgical approach, 
and the impact of a minimally invasive approach as part of an enhanced recovery 
protocol on recovery could not be assessed as only one study used MIE in the con-
text of enhanced recovery [16].
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Overall quality of life improvement is a crucial aspect to consider when imple-
menting changes to care pathways. However, only one study of patients aged 
>60 years assessed this, showing that quality of life was improved in patients on an 
enhanced recovery protocol in comparison to controls, along with a similar pattern 
for psychological impact [59].

 Conclusions and Recommendations

In summary, enhanced recovery protocols in esophagectomy show wide variations 
in practice due to the complexity of the procedure. Enhanced recovery has been 
shown to reduce hospital stay and morbidity following esophagectomy. It has been 
advocated that early mobilisation, early enteral feeding, early removal of chest 
tubes, limiting the use of nasogastric decompression, and optimizing the use of 
epidural anaesthesia or analgesia facilitates early discharge of patients (Table 28.4). 
Recommendations for standardised pathway post esophagectomy have been 
recently published by ERAS study group, which will allow the outcomes to be 
assessed in a unified manner as well as allowing the auditing of enhanced recovery 
pathways. From a patient perspective, enhanced recovery has preoperative, intraop-
erative and post-operative aspects, and patient engagement in all aspects is crucial 
for the success of its implementation. From a clinician perspective, a standardized 
protocol should be followed, and patients should be following the protocol. 
Adherence to this recommendation according to the guidelines could be used as a 
quality criterion or a performance indicator. With regards to policy, the recommen-
dation should be adopted as a performance indicator in patient care pathways.

Recommendation
• Use of a multidisciplinary, multicomponent enhanced recovery pathway is 

recommended for esophagectomy patients (evidence quality moderate, 
strong recommendation).

Table 28.4 Goals for enhanced recovery protocols in the setting of esophagectomy

Target of enhanced 
recovery protocol

Quality of the 
evidence (GRADE) Findings

Ambulation Low Early post-operative mobilisation reduces 
pulmonary complications and length of hospital stay

Feeding Moderate Early enteral feeding is safe
Length of stay Moderate Length of hospital is reduced with utilisation of 

enhanced recovery protocol
Overall morbidity Moderate A standardised protocol results in reduced morbidity 

and specifically anastomotic leaks
Anastomotic leak Moderate A standardized protocol results in reduced 

anastomotic leaks
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 A Personal View of the Data

Esophagectomy remains a procedure with a significant incidence of postoperative 
complications and adverse effects on patients’ long-term quality of life. Patients 
undergoing this complex procedure will benefit from ERAS models of care, as sev-
eral studies indicate that ERAS for esophagectomy provides a structured multi- 
disciplinary approach to improving postoperative outcomes. The pattern of change 
in surgical practice internationally is towards robotics and minimally invasive tech-
niques, however these techniques are solely centered on improving intraoperative 
events to enhance recovery. Therefore, ERAS protocols will still remain critical in 
order to standardize the postoperative pathway of these patients to ensure optimal 
outcomes are achieved.
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 Introduction

Esophagectomy with gastric conduit reconstruction is the standard treatment for 
locally advanced esophageal cancer, achieving a 5-year survival rate of 40–50% 
when it is preceded by neoadjuvant chemo- or chemoradiotherapy [1, 2]. Aiming to 
protect the esophagogastric anastomosis and avoid aspiration of food after esopha-
gectomy, patients are traditionally kept on a nil by mouth regimen for the first few 
days [3]. Enteral feeding support is mostly preferred over parenteral nutrition dur-
ing this phase, as it better preserves the gut barrier and is associated with fewer 
postoperative complications following gastro-intestinal surgery [4, 5]. While enteral 
feeding support can also be provided through nasoenteric (i.e. nasoduodenal or 
nasojejunal) tubes, many surgeons prefer jejunostomy tubes in patients undergoing 
esophagectomy. However, jejunostomy tubes are not without risks, as was demon-
strated by a previous review that reported jejunostomy-associated complications in 
13–38% of patients undergoing esophagectomy [6]. While most of these complica-
tions were relatively minor (e.g. dislocation, local site infection), these numbers 
warrant a critical appraisal of the need for routine jejunostomy tube feeding follow-
ing esophagectomy.

Over the recent years, the principles of enhanced recovery after surgery (ERAS) 
have been increasingly applied to a variety of surgical procedures, such as gastrec-
tomy, pancreaticoduodenectomy, and colorectal resection [7–15]. Early postopera-
tive resumption of oral intake is an important aspect of ERAS protocols, aiming to 
decrease (feeding-related) complications and accelerate recovery. However, the 
safety and feasibility of early oral intake remain topics of debate in the setting of 
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esophagectomy. Although several studies reported that early resumption of oral 
intake is safe for patients who underwent esophagectomy, others suggested that this 
feeding strategy is associated with a higher anastomotic leakage rate [16, 17]. 
Furthermore, early oral intake may be challenging in patients who suffer from com-
plications following esophagectomy.

Due to the inconsistency in literature regarding the outcomes of different feeding 
strategies following esophagectomy, no consensus has been reached regarding the 
role of jejunostomy tube feeding in relation to other alternatives for this patient 
population [18]. This chapter addresses the merits and risks of jejunostomy tube 
feeding in relation to other feeding strategies for esophageal cancer patients under-
going esophagectomy.

 Search Strategy

Based on the clinical question at hand (Table 29.1), a literature search through the 
PubMed and Embase libraries was carried out to identify studies that compared 
jejunostomy tube feeding to other feeding strategies in patients undergoing esopha-
gectomy for esophageal cancer. No date limits were set. The following search terms 
were used: (jejunostomy OR “jejunal tube” OR “jejunal feeding” OR “tube feed-
ing” OR “enteral tube” OR “enteral feeding”) AND (esophagectomy OR “oesopha-
gectomy” OR “esophageal resection” OR “oesophageal resection”). The current 
primary endpoints included feeding related complications, length of hospital stay, 
nutritional outcomes, mortality, quality of life, and survival. Studies that compared 
jejunostomy tube feeding with total parenteral nutrition, nasoenteric tube feeding, 
early oral feeding, or ‘no jejunostomy tube feeding’ were included in case at least 
one of the aforementioned primary endpoints was reported. Studies that did not 
exclusively evaluate patients undergoing esophagectomy were only considered in 
case subgroup analyses were reported. Furthermore, studies that compared jejunos-
tomy tube feeding to no feeding at all were excluded. Lastly, studies were excluded 
in case no English full-text was available or when they involved case reports, small 
case series (<10 patients), reviews, poster abstracts, study protocols, or animal 
studies.

Table 29.1 PICO formatted terms for literature search

Patients Intervention Comparators Outcomes of interest
Patients undergoing 
esophagectomy for 
esophageal cancer

Jejunostomy 
tube feeding

1.  Nasoenteric 
tube feeding

2.  Total 
parenteral 
nutrition

3.  No 
jejunostomy 
tube feeding

4.  Early oral 
feeding

Feeding related complications, 
length of hospital stay, 
nutritional outcomes, mortality, 
quality of life, survival
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The search yielded 1319 hits (i.e. 335 PubMed and 984 Embase). After removing 
duplicates, applying exclusion criteria, and screening titles and abstracts, the full- 
texts of 35 studies were assessed and 15 studies were included. In those studies, 
jejunostomy tube feeding was compared with total parenteral nutrition (four stud-
ies), nasoenteric tube feeding (three studies), or early oral feeding (two studies). 
The remaining studies compared patients who received jejunostomy tube feeding 
with patients who did not, although the compared alternative feeding strategy was 
not always clearly defined (six studies). The Grading of Recommendations, 
Assessment, Development and Evaluations (GRADE) system was used to grade the 
quality of evidence (i.e. very low, low, moderate, high, or very high quality) and to 
classify the strength of the ensuing recommendations (i.e. weak or strong recom-
mendation) [19–21].

 Results and Recommendations

 Jejunostomy Versus Nasoenteric Tube Feeding

In three studies (i.e. two randomized controlled trials [22, 23] and one retrospective 
cohort study [24]), jejunostomy tube feeding was compared with nasoenteric tube 
feeding in patients undergoing esophagectomy. Table 29.2 summarizes the key find-
ings of these studies, which indicate that there is moderate evidence that jejunos-
tomy tubes are associated with less tube removals by the patient, and fewer tube 
dislocations due to other causes, but more episodes of bowel obstruction when com-
pared with nasoenteric feeding tubes. In addition, there is moderate evidence that 
jejunostomy and nasoenteric tubes can achieve comparable outcomes regarding 
length of hospital stay, realization of nutritional aims, duration of enteral feeding, 
and mortality. However, patient reported outcome measures were only investigated 
in one randomized controlled trial, which found superior quality of life scores at 
1 week after esophagectomy in patients who received jejunostomy tube feeding. As 
such, there is moderate quality evidence that jejunostomy tube feeding provides 
short-term quality of life benefits over nasoenteric tube feeding in this context. The 
use of jejunostomy tube feeding is therefore weakly recommended over the use of 
nasoenteric tube feeding after esophagectomy.

 Jejunostomy Tube Versus Total Parenteral Nutrition

Postoperative feeding by means of a jejunostomy tube was compared with total 
parenteral nutrition in four studies (i.e. two randomized controlled trials [25, 26] 
and two retrospective cohort studies [27, 28]). The key findings of these studies are 
shown in Table 29.3. In light of the limited number of comparative studies on this 
topic, there is moderate evidence that jejunostomy tube feeding provides benefits 
over total parenteral nutrition in terms of postoperative weight loss, fluid balance, 
and immunological recovery. Moreover, there is low quality evidence that 
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jejunostomy tube feeding is associated with earlier return of bowel function and 
shorter length of hospital stay, while achieving similar nutritional outcomes when 
compared with total parenteral nutrition. The use of a jejunostomy tube is therefore 
weakly recommended over total parenteral nutrition.

 Jejunostomy Tube Feeding Versus ‘No Jejunostomy Tube Feeding’

Jejunostomy tube feeding was compared with no jejunostomy tube feeding in 
patients undergoing esophagectomy by six studies (i.e. one randomized controlled 
trial [29], two population based cohort studies [30, 31], and three retrospective 
cohort studies [32–34]). In the randomized controlled trial, preoperatively malnour-
ished patients were allocated to either minimally invasive esophagectomy with jeju-
nostomy tube feeding until 3  months after surgery or open esophagectomy with 
nasoenteric tube feeding until hospital discharge [29]. When the nutritional 

Table 29.2 Overview of evidence and recommendations regarding the use of jejunostomy tube 
feeding versus nasoenteric tube feeding in patients undergoing esophagectomy according to the 
GRADE system

Summary of key findings
Study 
type

Evidence 
grade Recommendation

Strength of 
recommendation

Compared with nasoenteric tube feeding, jejunostomy tube feeding is associated with:
•  Better quality of life 

scores at 1 week 
postoperative 
follow-up (60.2 vs. 
39.5, P < 0.001)

RCT 
[22]

Moderate Jejunostomy tube feeding 
is recommended over 
naso-enteric tube feeding 
for nutritional support 
after esophagectomy

Weak

•  Less tube removal by 
the patient (15% vs. 
0%, P = 0.001) and 
dislocations due to 
other causes (19% 
vs. 10%, P = 0.023)

RCT 
[22]

Moderate

•  More bowel 
obstructions (7% vs. 
0%, P = 0.035)

RCT 
[22]

Moderate

•  Similar achievement 
of nutritional aims, 
duration of feeding 
support, tolerance to 
enteral feeding, and 
mortality

RCT 
[23]

Moderate

•  Similar rate of 
overall tube-related 
complications and 
length of hospital 
stay

RCT 
[23], 
RS 
[24]

Moderate

RCT randomized controlled trial, RS retrospective study

B. F. Kingma et al.



347

outcomes were compared between both groups at 3 months postoperative follow-
up, the authors found better outcomes regarding body mass index, serum albumin, 
and overall quality of life in patients who had been fed through their jejunostomy 
tube following a minimally invasive esophagectomy procedure. Moreover, this 
group had fewer complaints of fatigue, nausea and vomiting, pain, and loss of appe-
tite at 3 months after surgery when compared to the group of patients who under-
went open esophagectomy followed by nasoenteric feeding until hospital discharge. 
Although the authors suggested that enteral feeding at home can increase the quality 
of life and decrease the risk of malnutrition in malnourished patients undergoing 
esophagectomy, the reported analyses were likely heavily influenced by the surgical 
approach (i.e. minimally invasive versus open) [29].

Two population-based studies compared the outcomes of patients who received 
jejunostomy tube feeding versus patients who did not after esophagectomy, although 
the alternative feeding strategy was not described for patients who were not fed 
through a jejunostomy [30, 31]. Jejunostomy tube feeding was found to be associ-
ated with similar results in terms of postoperative re-interventions [30], length of 

Table 29.3 Overview of evidence and recommendations regarding the use of jejunostomy tube 
feeding versus total parenteral tube feeding in patients undergoing esophagectomy according to 
the GRADE system

Summary of key findings
Study 
type

Evidence 
grade Recommendation

Strength of 
recommendation

Compared with total parenteral tube feeding, jejunostomy tube feeding is associated with:
•  Less weight loss at 

2 weeks postoperative 
follow-up (−2.9% vs. 
−5.1%, P = 0.020)

RCT 
[25]

Moderate Jejunostomy tube 
feeding is 
recommended over 
total parenteral 
nutrition for 
nutritional support 
after esophagectomy

Weak

•  Less fluid loss from urine 
and drains (2534 mL vs. 
2891 mL, P = 0.011)

RCT 
[25]

Moderate

•  Faster recovery of the total 
lymphocyte count 
(~1350 lymphocytes/mL 
vs. ~950 lymphocytes/mL 
on postoperative day 9, 
P < 0.05)

RCT 
[26]

Moderate

•  Earlier return of bowel 
movement (postoperative 
day 4 versus postoperative 
day 8, P < 0.001) and 
shorter total length of 
hospital stay (26 days vs. 
43 days, P < 0.001)

RS 
[27]

Low

•  Similar nutritional 
outcomes in terms of 
serum total protein and 
albumin levels

RS 
[28]

Low

RCT randomized controlled trial, RS retrospective study
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hospital stay [30, 31], discharge destination [31], mortality [30], and overall sur-
vival [30]. Furthermore, no differences in weight loss [31] or quality of life [30] 
were found at 3 months after esophagectomy. These results were partially repro-
duced by some retrospective cohort studies, which also found similar weight loss 
[32, 33] and quality of life outcomes [32] between patients who received jejunos-
tomy tube feeding and patients who did not. However, one retrospective study 
reported an increased length of hospital stay (30 days vs. 18 days, P < 0.001) and 
more intestinal torsions (12% vs. 0%, P < 0.001) in patients who received jejunos-
tomy tube feeding [34].

Based on this literature, there is both very low quality evidence that jejunostomy 
tube feeding until 3  months after esophagectomy improves nutritional outcomes 
and quality of life and very low quality evidence that that jejunostomy tube feeding 
does not provide benefits regarding short-term clinical outcomes and intermediate- 
term weight loss and quality of life in patients undergoing esophagectomy. No clear 
recommendations can be made based on these studies.

 Jejunostomy Tube Feeding ‘Versus’ Early Oral Feeding

To date, only two studies (one randomized controlled trial and one retrospective 
cohort study) from the same authors compared jejunostomy tube feeding with early 
oral intake after esophagectomy, which represent a relatively new strategy [35, 36]. 
In one of these studies, patients were included from three centers and randomly 
allocated to receive either jejunostomy tube feeding or early oral nutrition, although 
patients in both study arms had a jejunostomy in place to ensure sufficient nutri-
tional intake in case oral intake was insufficient during the postoperative phase. 
Although no significant difference between those groups was found regarding the 
primary outcome measure (the day of functional recovery), an important finding of 
that study was that both groups had comparable results regarding clinical outcomes, 
particularly anastomotic leakage and aspiration pneumonia, indicating that early 
resumption of oral intake was safe in this trial setting [35]. The other study retro-
spectively included patients from four centers and primarily compared the long term 
outcomes of patients who received jejunostomy or nasoenteric tube feeding with 
those of patients who were allowed early oral feeding, although the latter group also 
had a ‘stand-by’ jejunostomy tube that was only used in case oral intake was insuf-
ficient or contra-indicated because of complications [36]. In that study, patients who 
received jejunostomy or nasoenteric tube feeding lost significantly less weight 
between surgery and 1 month postoperative follow-up when compared to patients 
who were on an early oral feeding regimen (−2.0  kg vs. −4.0  kg, p  =  0.004). 
However, the opposite result was found between 1 and 3 months postoperative fol-
low- up (−2.3 kg vs. −1.0 kg, p = 0.039) and no significant difference was observed 
between 6 and 12 months after esophagectomy. Furthermore, no significant differ-
ence was found in the incidence of nutritional re-interventions. Hence, the authors 
concluded that the feeding protocols were comparable regarding overall postopera-
tive weight loss and number of nutritional re-interventions [36] (Table 29.4).
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 Conclusions and Recommendations

These results from currently available literature suggest that jejunostomy tube feed-
ing is associated with comparable results regarding functional recovery, postopera-
tive complications (particularly anastomotic leakage and aspiration pneumonia), 
nutritional re-interventions, and weight loss when compared to with early oral 
intake. However, importantly, all patients who received early oral feeding also had 
a jejunostomy tube in those studies. Therefore, there is moderate quality evidence 
that early oral intake, combined with a standby jejunostomy tube, provides similar 
outcomes when compared to jejunostomy or nasoenteric tube feeding in patients 
undergoing esophagectomy. Placement of a standby jejunostomy tube during 
esophagectomy is therefore weakly recommended in patients who will be on an 
early oral feeding regimen.

Table 29.4 Overview of evidence and recommendations regarding the use of jejunostomy tube 
feeding versus ‘no jejunostomy tube feeding’ or early oral feeding

Summary of key 
findings

Study 
type

Evidence 
grade Recommendation

Strength of 
recommendation

Compared with ‘no jejunostomy tube feeding’, jejunostomy tube feeding is associated with
•  Similar outcomes 

regarding 
re-intervention rates, 
length of hospital 
stay, discharge 
destination, 
mortality, survival, 
and quality of life

RS 
[30–
33]

Very low No recommendation can be 
made

–

•  More intestinal 
torsions (12% vs. 
0%, P < 0.001)

RS 
[34]

Very low

Compared to an early oral feeding regimen combined with a stand-by jejunostomy, 
jejunostomy tube feeding is associated with:
•  Similar functional 

recovery
RCT 
[35]

Moderate Placement of a standby 
jejunostomy tube during 
esophagectomy is 
recommended in patients 
who will be on an early 
oral feeding regimen after 
esophagectomy

Weak

•  Similar anastomotic 
leakage and 
aspiration 
pneumonia rates

RCT 
[35] 
and 
RS 
[36]

Moderate

•  Similar weight loss 
and nutritional 
re-intervention rates

RS 
[36]

Moderate

RCT randomized controlled trial, RS retrospective study
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 A Personal View of the Data

Considering the findings in this review, the use of jejunostomy tubes seems valuable 
in the standard care of patients undergoing esophagectomy, either to allow routine 
enteral feeding or to serve as a back-up in case an early oral feeding regimen cannot 
be fulfilled due to conditions that prohibit or restrict oral intake, such as anastomotic 
leakage, increased aspiration risk, or delayed gastric conduit emptying [37]. 
Furthermore, home tube feeding has been suggested to contribute to fast recovery 
after esophagectomy, which can be facilitated by intraoperative jejunostomy place-
ment. It should be noted, however, that our previous study did not find any differ-
ences in length of hospital stay, number of re-admissions, and weight loss until 
6  months after esophagectomy between patients who received jejunostomy tube 
feeding until discharge and patients who had their jejunostomy tube feeding contin-
ued after discharge until oral intake was considered sufficient [38]. In light of poten-
tial complications, the necessity of routinely creating long term enteral access by 
means of a jejunostomy may be questioned. Furthermore, total parenteral nutrition 
might also suffice as a back-up feeding strategy in the context of an early oral feed-
ing regimen, as was suggested by the results of a recent randomized controlled trial 
that compared early oral feeding combined with total parenteral nutrition versus 
nasoenteric tube feeding in patients undergoing minimally invasive three-stage 
esophagectomy [39]. Even so, jejunostomy tubes allow for long periods of nutri-
tional support and are relatively easy to manage, which may be valid arguments to 
prefer a jejunostomy tube over nasoenteric tubes or total parenteral nutrition.

In our center, robot-assisted minimally invasive esophagectomy (RAMIE) with 
intraoperative jejunostomy tube placement is the current standard of care [40, 41]. 
In case a two-stage approach is possible, the jejunostomy is created by a (robot- 
assisted) laparoscopic technique at the end of the abdominal phase. Although we 
only encountered mild and manageable complications so far (i.e. local infection and 
tube luxation), surgeons should always remain cautious of potential more serious 

Recommendations
• Jejunostomy tube feeding is preferred over nasoenteric tube feeding (evi-

dence quality moderate, weak recommendation) and total parenteral nutri-
tion (evidence quality moderate, weak recommendation) for the immediate 
postoperative period after esophagectomy.

• In case an early oral feeding regimen is planned, placement of a standby 
jejunostomy tube during esophagectomy is advised to allow immediate 
enteral supplementation in case oral intake is insufficient or contra- 
indicated because of complications (evidence quality moderate, weak 
recommendation)

B. F. Kingma et al.
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complications, most importantly intestinal torsion and intra-abdominal abscess. 
Future studies should aim to identify technical or patient-related factors that are 
associated with jejunostomy-associated complications, which may aid to further 
decrease the morbidity associated with this feeding strategy.
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 Introduction

The ideal treatment for regionally advanced squamous cell carcinoma (SCC) of the 
thoracic esophagus remains unclear. Traditionally, surgery has been the standard 
treatment for these tumors. However, although advanced algorithms for patient 
selection and the use of more minimally invasive techniques have produced signifi-
cantly better perioperative outcomes and survival after esophagectomies in the early 
twenty-first century, the outcomes of patients with regionally advanced squamous 
cell carcinoma who undergo surgery alone remain poor [1–4], with high morbidity 
and mortality and low 5-year survival rates [5–7].

Recent efforts have shown that the incorporation of chemoradiotherapy (CRT) 
prior to surgery for SCC improves patient survival [8–10]. Indeed, some advocate 
that surgery should be reserved for selected patients with an incomplete response to 
induction CRT [11]. In contrast, where complete tumor response is present after 
treatment with chemotherapy and radiation alone, surgery may not add a benefit to 
survival of these patients. Recent developments in molecular medicine and person-
alized therapies have pushed to the forefront the issue of whether definitive chemo-
radiation is superior to surgery. This chapter explores available evidence in an effort 
to determine whether and when definitive CRT is superior to CRT plus surgery in 
patients with advanced SCC of the esophagus.
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 Search Strategy

A literature search was performed for available English language publications to 
identify data relevant to the issue at hand. The following databases were included in 
the search: PubMed and Cochrane Evidenced Based Medicine. The research focused 
on articles from 2005 to 2019 in order to provide the latest evidence. The types of 
publications sought included randomized controlled trials, meta-analyses, observa-
tional studies, retrospective studies, and reviews. The search terms included: esoph-
ageal squamous cell carcinoma, regionally advanced esophageal cancer, surgery, 
chemoradiation/chemoradiotherapy and esophagectomy. Studies were excluded if 
esophageal resection alone was one of the study groups. Five studies were identi-
fied, including four randomized controlled trails and one systematic review that 
compared CRT plus surgery to definitive CRT. All publications were reviewed and 
classified using the GRADE System.

 Results

Optimal therapy for SCC of the esophagus is a complex issue that largely is depen-
dent on the location of the tumor. For cervical esophageal cancers, the standard of 
care is definitive concurrent chemotherapy and radiation therapy [12, 13]. However, 
for SCC of the thoracic esophagus, optimal treatment is not well defined, and the 
role of CRT is developing. The question remains as to whether patients who show 
complete response to CRT may be better served by forgoing surgery (Table 30.1).

 Definitive CRT Versus CRT Plus Surgery

Two large trials have compared definitive CRT with CRT plus surgical resection in 
SCC. Stahl and his colleagues performed a prospective randomized multicenter trial 
that included 172 patients with locally advanced SCC (T3-4, N0-1) [14]. Half of the 
patients received induction chemotherapy followed by CRT plus an esophagectomy 
while the other half of the patients received induction chemotherapy followed by 
CRT with an increased radiation dose only and no surgery (65 Gy vs. 40 Gy in the 
surgical arm). The esophagectomy group had a higher treatment-related mortality 
rate as compared to the CRT group (12.8% vs. 3.5%; p = 0.03). Two patients died 
preoperatively due to neutropenic infection; seven out of 62 patients died post- 
operatively in hospital related to anastomotic leak, pneumonia, injury of the left 

Table 30.1 PICO formatted terms for literature search

Patient population Intervention Comparator Outcomes
Patients with regionally 
advanced esophageal 
squamous cell cancer

Induction chemoradiation 
followed by esophageal 
resection

Definitive 
chemoradiation

Overall 
survival
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main bronchus, and heart failure; and three patients died from late toxicities. 
However, researchers found no difference in overall survival (OS) between the two 
cohorts (35.4% vs. 39.9%). The progression-free survival rate was significantly bet-
ter for the group that underwent esophageal resection after CRT (64.3% vs. 40.7%; 
p = 0.003) [14]. At the 10-year follow-up, no overall survival difference between 
CRT plus surgery versus definitive CRT was observed [17]. This suggests that, 
while the addition of an esophagectomy increases the local control and reduces the 
rates of local recurrence in comparison to definitive CRT, resection does not have a 
significant impact on survival in patients with regionally advanced SCC.

The second trial comparing definitive CRT with CRT plus surgical resection in 
SCC, FFCD 9102, included 451 patients, of whom 259 with regionally advanced 
SCC were randomized [15]. No difference in 2-year survival was found between the 
two groups. However, patients who underwent esophagectomy after CRT had higher 
mortality rates (9.3% vs. 0.8%) due to surgical complications, disease progression, 
and other causes. A Cochrane review of these two trials confirmed that that there 
was adequate data and quality of evidence, supporting the conclusion that surgery 
after CRT did not improve survival [18].

In a long-term follow up study of a subset of patients of the FFCD 9102 clinical 
trial, researchers examined those patients who did not have a clinical response to 
initial CRT (192 patients in the study were not randomized and of those, 111 were 
clinical non-responders). When comparing those clinical non-responders who were 
operated on versus those clinical non-responders who did not receive surgery after 
definitive CRT, the median OS in patients who underwent surgery after induction 
CRT was longer than in those patients who had definitive CRT (17  months vs. 
5.5 months). Interestingly, patients who had a clinical response after CRT who did 
not undergo resection had an equivalent OS to patients who did not respond to 
induction CRT and underwent a surgical resection (Table 30.2) [16].

 Conclusions and Recommendations

Regionally advanced SCC of the thoracic esophagus requires a multimodality thera-
peutic approach. Multiple randomized controlled trials and meta-analyses have 
demonstrated the benefits of induction therapy with CRT with or without surgical 
resection. After induction CRT, patients should be divided into clinical responders 
and non-responders. While resection appears to provide a higher rate of local con-
trol of the disease, it does not affect OS. The role of surgical resection in regionally 
advanced SCC of the thoracic esophagus is not completely defined. The decision 
regarding whether to recommend surgery after induction therapy with CRT should 
be evaluated on an individual level based on the particular specifics of each patient. 
In patients with a complete response after induction therapy, close surveillance is a 
safe alternative to immediate surgery. For local invasion of paraesophageal organs, 
such as the diaphragm, pericardium or pleura, the literature is very limited and 
larger prospective, multicenter trials are needed to clarify the role of each therapeu-
tic modality.
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 A Personal View of the Data

Without further evidence and larger, randomized trials comparing definitive CRT 
versus CRT plus surgery in regionally advanced SCC of the thoracic esophagus, it 
is difficult to determine whether surgery should be completely abandoned in all 
patients. Instead, evaluating individual responses to CRT provides the best course of 
action at this time. In my practice, patients with regionally advanced SCC of the 
thoracic esophagus are evaluated by a multidisciplinary team, and we generally 
recommend induction therapy with CRT followed by esophagectomy if the patient 
can tolerate surgery. More trials comparing a personalized molecular approach with 
a minimally invasive esophageal resection would be of great significance since this 
often provides the best outcomes in other types of cancer.
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 Introduction

The use of robotics in thoracic surgery continues to increase, including its applica-
tion to esophagectomy [1, 2]. Early case series have established feasibility for 
robotic assisted minimally invasive esophagectomy (RAMIE), but comparisons of 
this technique to traditional open esophagectomy (OE) are limited [3]. This review 
will focus on comparison of the two techniques with regards to post-operative com-
plications, oncologic outcomes, and post-operative quality of life. Other areas of 
controversy, including costs of robotic utilization, and robotic versus non-robotic 
minimally invasive esophagectomy are outside the scope of this review.

In general, there is a paucity of data addressing this question. The results of the 
recently published ROBOT trial, a single center randomized controlled trial of 
RAMIE versus OE, represents the only randomized controlled trial in this domain 
[4]. This study makes up a significant portion of the higher quality data in this 
chapter.

It is important to note that differences in surgical techniques and approaches to 
these operations are ubiquitous throughout the literature. Furthermore, the defini-
tion of “robotic assisted” varies to a great degree and introduces significant inherent 
bias to the comparisons. From the prospective data available, there is currently only 
one comparison of open esophagectomy to a completely robotic approach by 
Sarkaria et al., with other studies performing portions of the procedure with robotic 
assistance in a hybrid manner [3, 5, 6].
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 Search Strategy

A literature search of English language publications was used to identify published 
data on robotic esophagectomy compared to open for articles published 1990 
through 2019 (Table  31.1). Databases searched included PubMed, Medline, 
EBSCOhost, and ScienceDirect. Keywords utilized were “robotic esophagectomy,” 
“robotic esophageal,” “robotic” AND “esophagectomy,” and “RAMIE”. Case series 
articles and review articles were excluded. Articles were also excluded if they did 
not directly compare RAMIE to open esophagectomy. Articles included in discus-
sion were one randomized control trial, three prospective cohort studies, and four 
retrospective cohort studies (Table 31.2).

Table 31.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparators) O (Outcomes)
Patients with 
resectable 
esophageal 
cancer

Robotic assisted 
minimally invasive 
esophagectomy (RAMIE)

Open 
esophagectomy 
(OE)

Post-operative 
complications, oncologic 
outcomes, post-operative 
quality of life

Table 31.2 Included studies

Author Year Surgical approach
RAMIE 
#

OE 
# Study type

Grade of  
evidence

van der 
Sluis

2019 Three field: 
laparoscopic, robotic 
thoracoscopic

56 56 Randomized 
controlled trial

High

Sarkaria 2019 Ivor Lewis: robotic 
laparoscopic, robotic 
thoracoscopic

63 106 Prospective 
cohort

Moderate

Meredith 2019 Ivor Lewis: details 
not described

144 475 Prospective 
cohort

Low

Sugawara 2019 Transhiatal: robotic 
laparoscopic

18 19 Prospective 
cohort

Low

Espinoza- 
Mercato

2019 Not described 433 3542 Retrospective 
cohort

Low

Weksler 2017 Not described 581 6257 Retrospective 
cohort

Low

Joeng 2016 Three field: 
laparotomy, robotic 
thoracoscopic

88 159 Retrospective 
cohort

Low

Mori 2016 Transhiatal: robotic 
laparoscopic

22 139 Retrospective 
cohort

Low

J. J. Brady et al.



363

 Results

 Post-operative Complications

The ROBOT trial represents the only prospective, randomized, controlled trial, and 
compared post-operative complications (Clavien-Dindo classification grade 2 or 
higher) between RAMIE and OE approaches [4]. A total of 112 patients were ran-
domized, and after exclusions, 54 underwent RAMIE, and 55 underwent OE. Overall 
surgery-related complications were 59% vs. 80% for RAMIE and OE, respectively 
(p = 0.02). Both pulmonary complications (32% vs. 58%; p = 0.005) and cardiac 
complications (22% vs. 47%; p  =  0.006) were statistically less frequent in the 
RAMIE arm. Other complications, including anastomotic leak, conduit necrosis, 
chylothorax, and recurrent laryngeal nerve injury, were similar between the two 
groups. ICU length of stay, overall length of stay, in hospital mortality, 30 day mor-
tality, 60 day mortality, and 90 day mortality were not statistically different.

Sarkaria et  al. prospectively enrolled and compared 63 RAMIE and 106 OE 
operations. Patient cohorts were well-matched in this non-randomized study [6]. 
Pulmonary (14.1% vs. 34%) and infectious (17.2% vs. 35.8%) complications were 
significantly less in the RAMIE group (p = 0.014, p = 0.029). The anastomotic leak-
age rate (grade 2–4) was less in RAMIE (3.1% vs. 9.4%), but not statistically sig-
nificantly different. There was no difference in ICU length of stay, readmission rate, 
total readmission length of stay, major complications, and 30 day or 90 day mortality.

Meredith et al. noted a lower overall post-operative complication rate for RAMIE 
vs. OE (23.6 vs. 30.5%, p = 0.003) [7]. Pulmonary complications (9.7% vs. 17.1%), 
anastomotic leak, (2.8% vs. 4.8%) chyle leak (0.7% vs. 1.1%), and wound infection 
(0.7% vs. 5.3%) were also less in RAMIE but direct statistical comparison to OE was 
not reported. Median length of stay was 10 days for both approaches. Postoperative 
mortality was similar between RAMIE and OE at 1.4% and 1.5%, respectively.

Mori et al. compared 22 non-transthoracic robotic esophagectomies performed 
with a video-assisted neck approach and combined laparoscopic and robotic tran-
shiatal approach to 139 transthoracic OE cases [8]. The robotic platform was used 
for specifically for transhiatal mediastinal dissection after completion of the laparo-
scopic abdominal and video-assisted neck dissections. There were no conversions 
and no intraoperative complications. Mean operative time was longer with the 
RAMIE approach (524 min vs. 428 min, p < .0001), and hospital length of stay was 
reduced from 24 days to 18 days (p = 0.0013). There was a trend to lower pneumo-
nia rates with the robotic approach (0% vs. 14%, p = 0.07). There were no differ-
ences in other peri-operative outcomes, and mortality was low in both robotic and 
non-robotic groups (0% vs. 1.4%).

Two National Cancer Database (NCDB) reviews have been reported [1, 9]. In 
their NCDB cohort, Weksler et al. looked at short term outcomes and performed a 
propensity score matched comparison of RAMIE to OE. Thirty-day readmission 
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rates were similar between the groups, and although not statistically significant, 
30-day mortality appeared higher in the RAMIE group (5.6% vs. 2.7%, p = 0.061). 
Ninety-day mortality was similar (7.8% vs. 7.9%). In a follow up NCDB analysis, 
which included the dataset in the previous study by Weksler et al., Espinoza-Mercato 
and colleagues utilized data up to 2015, an additional 2 years from the previous 
NCDB analysis. In matched cohorts, 30 day readmission, 30 day mortality, and 90 
day mortality were all similar between RAMIE and OE. The early increased mortal-
ity seen in the Weksler et al. study was surmised to be due to the significant learning 
curve associated with the procedure, with mortality decreased to similar levels given 
the additional two years of experience with RAMIE in the updated study [1, 3, 10].

Jeong et al. looked specifically at post-operative delirium and its risk factors in 
RAMIE vs. OE in propensity score matched cohorts [11]. RAMIE had lower post-
operative delirium (30% vs. 42%, p  =  0.035), and the robotic approach had a 
decreased risk of delirium (OR = 0.55, p = 0.027) compared to the open approach.

Overall, the aforementioned studies suggest a benefit of RAMIE over OE in 
terms of pulmonary and infectious complications, with other post-operative compli-
cations being similar between the two approaches. The grade of evidence is moder-
ate, given the findings of one high quality randomized controlled trial and one 
moderate quality prospective matched cohort trial.

 Oncologic Outcomes

There is limited data on long term cancer survival as the RAMIE technique still 
remains in its relative infancy. Oncologic outcomes are thus primarily extrapolated 
from previously described outcome measures for esophagectomy, regardless of the 
approach.

The ROBOT trial data has not yet matured in terms of survival outcomes given 
the trial’s primary focus on early perioperative outcomes and quality of life [4]. 
Certain facets of technical oncologic operative outcomes were discussed and evalu-
ated. The majority of patients underwent neoadjuvant chemoradiotherapy (79% 
RAMIE vs. 80% OE) or chemotherapy alone (11% RAMIE vs. 7% OE) and the 
remaining patients were without any neoadjuvant therapy. R0 resections were com-
parable between RAMIE and OE (93% vs. 96% p = 0.35). It is important to note 
that this was an intention to treat design and two patients (4%) in the RAMIE arm 
were found to be unresectable and the cases aborted, but still were included in the 
analysis. Median lymph nodes retrieved were comparable for RAMIE and OE (27 
vs. 25 nodes). At a median follow up of 40 months, overall survival and disease free 
survival were not statistically significant between the RAMIE and OE arms. Long 
term outcome data from this randomized trial is currently unavailable.

Prospective and retrospective trials suggest a benefit to the RAMIE approach, 
particularly with improved lymph node evaluation in the RAMIE group. Sarkaria 
et al. obtained a significantly higher median number of lymph nodes removed (25 
vs. 22, p = 0.045) with the RAMIE approach compared to open [6]. Meredith et al. 
noted a higher mean number of nodes harvested in RAMIE (20 ± 9 vs. 10 ± 6), but 
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direct statistical comparison was not reported [7]. Weksler et  al. identified more 
lymph nodes harvested by RAMIE, but the difference was not statistically signifi-
cant (16 vs. 13; p = 0.087) [9]. The follow up NCDB study by Espinoza-Mercado 
et al. noted more lymph nodes harvested with RAMIE vs. OE (17 vs. 13, p < 0.001) 
[1]. Given the potential beneficial impact of the number of surgically removed 
nodes on overall cancer survival, improved lymphadenectomy with RAMIE may be 
advantageous from an oncologic standpoint [12].

 Quality of Life

Improved quality of life after esophagectomy can be a predictor of long term sur-
vival outcomes [13, 14]. Functional recovery, immediate and chronic pain, and 
physical, social, and emotional well-being are all are facets of complete periopera-
tive recovery, and represent targets for potential improvement after 
esophagectomy.

In the ROBOT trial, several quality of life end points were evaluated [4]. 
Functional recovery was defined as absence of chest tubes, tolerating solid oral 
intake, off intravenous hydration, independent mobilization, and pain control with 
oral analgesics. Functional recovery at 14 days was more frequent in the RAMIE 
arm compared to the OE arm (70% vs. 51%, p = 0.04). Median time to functional 
recovery was less in patients undergoing RAMIE versus OE (10 days vs. 13 days), 
but the difference was not statistically significant (p = 0.14). Mean overall postop-
erative pain scores were less in RAMIE vs. OE (p < 0.001) and in 11 of 14 days 
postoperative days, daily mean pain scores were statistically significantly less in the 
RAMIE arm. As measured by Quality of Life Questionnaire Core 30 (QLQ-C30), 
discharge and 6 week health-related quality of life and physical functioning were 
both statistically improved after RAMIE compared to OE.

Sarkaria et al. evaluated quality of life outcomes for RAMIE or OE utilizing the 
Functional Assessment of Cancer Therapy-Esophageal (FACT-E) questionnaire [6]. 
This includes a total score and subset scores for physical, social, emotional, func-
tional, and esophageal-specific well-being. Overall, there was no difference in the 
total FACT-E scores between RAMIE or OE (p = 0.84), or in any specific subset. 
Both approaches to surgery yielded lower physical well-being scores at 1 month 
(p < 0.001), with improvement at 4 months (p = <0.001), but without returning to 
baseline (p = 0.011); findings for emotional well-being scores were similar. Post- 
operative pain was evaluated with patient reported scores through the Brief Pain 
Inventory instrument. Compared to OE, RAMIE had lower pain scores (p = 0.005) 
and pain interference scores (p = 0.002) in the early post-operative period.

Sugawara and coworker also analyzed quality of life outcomes up to 24 months 
post operatively [15]. RAMIE patients had higher physical and emotional function 
scores at 3, 6, and 18 months and 6, 18, and 24 months, respectively, compared to 
the open cohort. Generalized pain scores were lower in the RAMIE group at 3, 6, 
12, and 24 months post-operatively, and esophageal specific pain scores were less at 
3 and 18 months as well. Fatigue and insomnia at 24 months were less frequently 
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reported in the RAMIE group. Comparisons between postoperative complications 
or outcomes were not reported. Importantly, this study was associated with signifi-
cant bias due to the comparison of a robotic transhiatal approach with an open Ivor 
Lewis approach.

 Conclusions and Recommendations

Overall, the data suggests specific improved peri-operative and quality of life out-
comes with RAMIE compared to OE, and similar outcomes in most other domains. 
However, the overall strength of evidence is moderate at best, with only one ran-
domized prospective trial, and one comparative cohort trial directly comparing the 
two procedures. The randomized prospective ROBOT trial provides a high level 
evidence in favor of RAMIE with its association with decreased overall, pulmonary, 
and cardiac complications, without increasing the rate of complications in other 
aspects of care, or overall mortality [4]. Quality of life was improved with RAMIE 
in this study as well. The prospective cohort comparison trial from Memorial Sloan 
Kettering Cancer Center also favored RAMIE in terms of pulmonary and infectious 
complications, as well as short term post-operative pain outcomes with a moderate 
level of evidence given the well-matched cohorts [6]. While there is a suggestion of 
selected improvement in peri-operative outcomes, including blood loss and a greater 
number of lymph nodes harvested, the overall level of evidence is weak. To our 
knowledge, there is currently no evidence examining survival outcomes between 
these cohorts. The remainder of the trials provide low or very low levels of evidence 
generally supporting the better quality trials.

 A Personal View of the Data

Overall, we believe the level of data is strong enough to reasonably suggest RAMIE 
is an acceptable alternative to OE for resectable esophageal cancer, and may provide 
some advantages over OE. However, while beyond the scope of this chapter, the far 

Recommendations
• RAMIE is recommended over OE for improved post-operative outcomes, 

specifically pulmonary and other infections (evidence quality moderate, 
strong recommendation)

• RAMIE is recommended over OE for improved short-term quality of life, 
specifically pain and earlier recovery from surgery (evidence quality mod-
erate, strong recommendation)

• RAMIE is recommended over OE for equivalent or possibly improved 
oncologic outcomes (evidence quality low, weak recommendation)
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greater depth and quality of data identifying similar advantages of non-robotic min-
imally invasive esophagectomy (MIE) over OE may be applied to RAMIE, given 
the perspective that the procedure can be considered a subtype of MIE simply per-
formed with a different tool. In our own practice, RAMIE has become a routine and 
acceptable alternative to standard MIE, with both procedures performed routinely 
based on surgeon experience and preference. Similarly, patients who are candidates 
for minimally invasive esophagectomy (MIE) would, in turn, be candidates for 
RAMIE. We believe either approach is certainly preferred over open approaches 
given the rapid accumulation of evidence from several institutions, not just our own, 
strongly suggesting clear peri-operative clinical benefits. However, when interpret-
ing these data, the reader is cautioned to carefully consider the experience of the 
operator with the given techniques, and consideration of one technique over the 
other must be tempered by the surgeon’s position on the learning curve for these 
complex procedures. As the experience increases, complications seen early in the 
learning curve can be expected to decrease, and overall outcomes improve with 
increasing and more widespread penetration of RAMIE into thoracic practice.
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32Two-Field vs. Three-Field 
Lymphadenectomy for Esophageal 
Adenocarcinoma

Brendon M. Stiles and Nasser K. Altorki

 Introduction

The concept of three-field lymph node dissection for carcinoma of the esophagus 
was introduced and has been practiced by Japanese surgeons since the early 1980s. 
The “third field” is typically defined as the cervical nodal basin accessed from the 
neck, but is also used in Western series to describe recurrent laryngeal nerve lymph 
nodes reached from the chest. Dissection of this higher field was prompted by stud-
ies showing that the cervical lymph nodes were the site of tumor recurrence in 30–
40% of patients with squamous cell carcinoma in whom a curative esophageal 
resection had been performed [1]. In 1990, results of a nationwide study on three- 
field dissection performed at 35 institutions throughout Japan [2] demonstrated that 
one third of patients had unsuspected metastasis to the cervical lymph nodes. The 
frequency of nodal metastases increased with increasing depth of tumor penetration 
through the esophageal wall.

Despite these results, most European and North American centers have not rou-
tinely pursued three-field dissection for esophageal cancer. In Western centers, ade-
nocarcinoma is the most common histologic subtype, typically arising in the lower 
esophagus or at the gastroesophageal junction. It remains unclear how often such 
tumors drain to the recurrent laryngeal or cervical nodal basins. Furthermore, it is 
generally assumed that patients with adenocarcinoma of the esophagus with 
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extensive lymph node involvement have the equivalent of systemic disease. This 
may be particularly true for those patients with lower esophageal or gastroesopha-
geal junction adenocarcinoma with metastases to the upper thoracic and cervical 
field. Cure after resection in this situation has often been considered more depen-
dent upon the biologic behavior of the tumor and upon systemic therapy, rather than 
upon the surgical strategy pursued for local and regional control. As such, Western 
centers more commonly utilize neoadjuvant chemotherapy and radiation therapy or 
even definitive chemoradiation for such tumors. When esophagectomy is under-
taken, the role of three-field dissection in this setting is lacking data and therefore 
less clear. Concern also exists that a three-field lymph node dissection may be asso-
ciated with increased hospital morbidity, particularly injury to one or both recurrent 
nerves, potentially leading to increased pulmonary complications and a negative 
impact on long term survival.

 Search Strategy

To identify relevant studies, a literature search was conducted of the PubMed data-
base from inception to present. The search terms included a combination of [1] 
“esophageal cancer” or “oesophageal cancer” AND [2] “three-field”, “3-field”, 
“cervical lymphadenectomy”, “recurrent laryngeal nodes” (Table 32.1). Titles and 
abstracts of studies were scanned and full texts of relevant studies reviewed. Two 
randomized control trials, two meta-analyses, one propensity score-matched com-
parison, and several retrospective case series were included in the analysis. The data 
was classified using the GRADE system.

 Results

 Randomized Trials

No randomized trials exist on patients exclusively with esophageal adenocarci-
noma. Trials in squamous cell carcinoma patients may be relevant to those with 
adenocarcinoma, particularly for patients with tumors above the lower esophagus. 
Two such randomized control trials (RCTs) were performed in Japan. The first trial 

Table 32.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients with locally advanced 
esophageal adenocarcinoma

Three-field 
dissection

Two field 
dissection

Rates of node 
positivity
Perioperative 
morbidity
Local and regional 
control
Survival
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including 150 patients of whom 95% had squamous cell carcinoma, and random-
ized patients to three-field dissection versus abdominal and mediastinal lymph node 
dissection only [3]. Patients undergoing three-field dissection had more total lymph 
nodes resected (69.0 vs. 36.4, p < 0.01). The overall rate of positive lymph nodes in 
the study was 64.7% and was similar between the two groups. In patients undergo-
ing neck dissection, 26% had metastases in lymph nodes in the third field. Patients 
undergoing three-field dissection demonstrated improved 5-year survival compared 
to patients undergoing two-field dissection only (48.7% versus 33.7%, p < 0.01).

A second small RCT included 62 patients with squamous cell carcinoma random-
ized to conventional abdominal and thoracic lymph node dissection versus extended 
dissection including the cervical and superior mediastinal nodal basins [4]. The overall 
rate of nodal positivity was 38% and 43% in the two arms. Although positive cervical 
nodes were found in only one patient in the extended group, it is notable that the rate of 
positive intrathoracic recurrent laryngeal nodes exceeded 20% in both groups. The dif-
ference in 5-year survival favored patients undergoing extended lymphadenectomy, 
although not statistically significant in this small trial (66.2% vs. 48.0%, p = 0.192).

 Meta-Analyses

Meta-analyses have been performed to investigate the effect of three-field lymph 
node dissection on survival and on complications in esophageal cancer patients. The 
first included 13 studies for qualitative analysis, including both of the previously 
described RCTs [5]. The meta-analysis included 2379 patients, predominantly 
including patients with squamous cell carcinoma. The hazard ratio for 5-year over-
all survival favored patients undergoing three-field lymphadenectomy versus those 
undergoing two-field lymphadenectomy (HR 0.64, CI 0.56–0.73, p < 0.001). The 
authors found no difference in perioperative mortality (risk ratio 0.64, CI 0.38–1.10) 
after three-field lymphadenectomy, but significant increases in anastomotic leak 
(RR 1.46, CI 1.19–1.79, p  <  0.001). On sub-group analysis (four studies), the 
authors found that three-field dissection improved survival for patients with patho-
logically positive nodes (HR 0.39, CI 0.31–0.46, p < 0.001) and particularly for 
those with positive intrathoracic recurrent nerve nodes (HR 0.32, CI 0.23–0.41, 
p < 0.001). A benefit of three-field dissection was noted for patients with positive 
nodes for all tumor locations, including those of the lower esophagus.

The second meta-analysis included patient data from 20 publications [6]. Three- 
year OS was evaluated in 2598 patients undergoing three-field node dissection and in 
3961 patients undergoing two-field node dissection, and was worse in patients under-
going two-field dissection (RR 1.44, CI 1.19–1.75, p  <  0.00001). Similar results 
were reported for 5-year OS, with worse survival for two-field dissection (RR 1.37, 
CI 1.18–1.59, p = 0.0002). Three-field dissection was associated with higher rates of 
recurrent nerve palsy (RR 1.48, CI 1.13–1.92) and of anastomotic leak (RR 1.32, CI 
0.97–1.81), but not of pulmonary complications (RR 0.93, CI 0.75–1.16). The 
authors found superiority of three-field dissection for patients with positive recurrent 
laryngeal nodes and for those with upper or middle third esophageal cancer.
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 Propensity Matched Comparison

Shao et  al. described their modern experience with two-field versus three-field 
lymph node dissection in patients without neoadjuvant therapy [7]. The author’s 
propensity matched 282 patients from each of the two- and three-field groups. 
Patients undergoing three-field node dissection had more total lymph nodes removed 
(38.5 vs. 25.5, p = 0.017) and more nodes involved with metastatic disease (3.5 vs. 
1.6, p < 0.001). There was no difference in 3-year or 5-year OS. More complications 
occurred in patients undergoing three-field lymph node dissection (34.8% vs. 
25.5%, p = 0.017), particularly more anastomotic leaks (14.9% vs. 4.3%, p < 0.001). 
This same center has completed enrollment of a randomized clinical trial 
(NCT01807936) comparing two- versus three-field lymph node dissection for 
patients with middle or lower squamous cell esophageal carcinoma. Results have 
not yet been reported.

 Key Case Series

Esophagectomy with three-field lymph node dissection has only rarely been prac-
ticed in Western centers and in patients with adenocarcinoma. In one report, esopha-
gectomy with three-field lymph node dissection was performed in 192 patients 
between 1991 and 1999, of whom 174 patients had a primary R0 resection, includ-
ing 36 patients with carcinoma of the gastroesophageal junction [8]. Patients with-
out nodal metastasis had a 5-year survival of 80% compared with a 5-year survival 
of 25% for node-positive patients. Patients with middle-third squamous cell carci-
noma and positive cervical nodes had a 5-year survival of 27%. In contrast, patients 
with distal-third adenocarcinoma and positive cervical nodes had a 4-year survival 
of 36%, but a 5-year survival of just 12%. In patients presenting with adenocarci-
noma of the gastroesophageal junction and positive cervical nodes, there were no 
5-year survivors, indicating that adding the third field does not contribute to long- 
term survival in those patients.

A second series evaluated 185 patients treated with esophagectomy and three- 
field lymph node dissection, including 96 (52%) patients who had received neoad-
juvant chemotherapy [9]. Only 17% of patients ultimately found to have positive 
nodes in the third field had clinical nodal disease in that basin on preoperative stud-
ies, highlighting the need for careful intraoperative evaluation rather than simple 
reliance upon clinical staging. Overall, 20% of adenocarcinoma patients had metas-
tases to the recurrent laryngeal or cervical nodes. For adenocarcinoma patients, the 
likelihood of positive nodes in the third field could be predicted by tumor depth and 
tumor location. Only 7% of patients with GEJ tumors had positive recurrent laryn-
geal or cervical lymph nodes, compared to 23% for lower esophageal tumors and 
38% for middle esophageal tumors. The median overall survival was 3.0 years with 
an overall survival of 39.9% at 5 years. Patients with metastasis to the recurrent 
laryngeal or cervical nodes had an overall 5 year survival of 24.9%, compared to 
44.8% for patients without positive recurrent laryngeal or cervical nodes.

B. M. Stiles and N. K. Altorki
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 Current Treatment Paradigms

Treatment algorithms have changed significantly since the publication of most of 
the studies above describing three-field dissection during esophagectomy. 
Neoadjuvant therapy is now the standard of care for locally advanced esophageal 
cancer in Western countries. The effect of neoadjuvant therapy on the rate of recur-
rent laryngeal and cervical lymph node metastases has not been well studied. It 
appears that although the inclusion of radiation therapy as part of the induction regi-
men does not improve long term survival, it likely decreases the number of patho-
logically positive nodes found at surgery [10, 11]. However, it should be 
acknowledged that the radiation field may not always include the upper paratracheal 
and cervical nodal basins, particularly for tumors of the lower esophagus. Regardless, 
at least 31–35% of patients will have persistent nodal metastases despite preopera-
tive radiation to involved nodal basins. This may be particularly true of patients with 
adenocarcinoma which is generally less responsive to chemoradiation.

It would therefore seem that neoadjuvant chemoradiation or chemotherapy does 
not circumvent the need for pathologic assessment of the third field in patients with 
locally advanced esophageal cancer. Indeed, extended lymphadenectomy, as defined 
by the Worldwide Oesophageal Cancer Collaboration guidelines, predicts improved 
survival even after neoadjuvant therapy (HR 0.50, CI 0.29–0.85, p = 0.011) [12]. 
Even in patients with persistent nodal metastases (the majority with adenocarci-
noma), patients who have an optimal lymphadenectomy demonstrate a trend towards 
improved 3-year overall survival (55% vs. 36%, p = 0.087), suggesting that there 
may be a therapeutic effect to lymphadenectomy even after neoadjuvant therapy.

Many treatment centers have adopted minimally invasive techniques to perform 
transthoracic esophagectomy, even after neoadjuvant therapy. Several centers have 
demonstrated the feasibility of a minimally invasive approach to dissection of the 
high recurrent laryngeal nodes in the chest [13–15]. Although predominantly per-
formed for squamous cell carcinoma, one of these studies, by Hong et al. included 
114 consecutive patients with Siewert type I adenocarcinoma [14]. Encouragingly, 
the rate of vocal cord paralysis (0% vs. 15%, p = 0.003) and pulmonary morbidity 
(9% vs. 29%, p = 0.008) were both lower in the minimally invasive group.

With the inclusion of both neoadjuvant treatment regimens and minimally inva-
sive techniques, an argument could be made for a selective strategy of third field 
dissection [9, 16, 17]. For patients with middle and lower third adenocarcinomas, 
the decision whether to perform a three-field dissection should be heavily influ-
enced by the clinical presentation of the patient. Only 11% of patients with clinical 
stage I or II esophageal adenocarcinoma will have positive recurrent laryngeal or 
cervical nodes, compared to 29% of patients clinically staged as III or IV (based on 
nodal distribution in the sixth edition) [9]. Intraoperatively, the probability of recur-
rent and laryngeal nodal metastases is determined in part by the presence or absence 
of nodal metastases at other stations. If one can reliably stage adenocarcinoma 
patients as pN0 in the rest of the chest, then dissection of the third field can be omit-
ted. However, in patients with positive nodes in other intrathoracic or upper abdomi-
nal nodal stations, the incidence of recurrent laryngeal nodal metastases is 29% [9]. 
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This high prevalence of nodal involvement suggests that three-field dissection 
should be considered in this patient population, at least the thoracic dissection of the 
upper mediastinal and recurrent laryngeal nodes.

 Conclusions and Recommendations

A considerable number of patients with esophageal cancer will be inaccurately 
staged and susceptible to locoregional recurrence after esophagectomy with only 
lower two-field lymph node dissection. The importance of accurately determining 
the number of involved lymph nodes is in the American Joint Committee on Cancer 
staging system, in which nodal classification is defined by the total number of posi-
tive lymph nodes. Between 15% and 30% of patients will have their tumor-node- 
metastasis (TNM) classification upstaged as a result of an extended procedure 
including dissection of the third field. Although most surgeons readily concede the 
impact of the extended lymphadenectomy on tumor staging, its impact on survival 
is controversial due to a lack of large, well performed RCTs.

For patients with adenocarcinoma, data derived from Western series of three- 
field dissection indicate that 20–30% of patients may have occult nodal disease in 
upper thoracic or cervical lymph node stations. Therefore, patients who undergo 
only a two-field lymph node dissection will potentially be understaged and may not 
be rendered disease-free. Although the impact of three-field lymph node dissection 
on survival remains unproven, it is difficult to construct a rational argument for an 
isolated two-field dissection that relegates 20–30% of the patients to an incomplete 
resection. The impact of such incomplete resections on survival is not clearly estab-
lished, but there is general agreement that R1 or R2 resections are associated with a 
dismal prognosis and little chance of survival beyond 2 years. Therefore, for patients 
with locally advanced adenocarcinoma, the rate of recurrent laryngeal nodal metas-
tasis is sufficiently high to warrant consideration of dissection of at least the upper 
thoracic third field in select cases.

 A Personal View of the Data

Our personal opinion is that too little data exists regarding the role of three-field 
lymph node dissection for patients with esophageal adenocarcinoma to make defini-
tive recommendations regarding clinical practice. In our own practice, for patients 

Recommendation
• In patients with esophageal adenocarcinoma with clinically positive intra-

thoracic nodes, we recommend dissection of the third field to optimize 
pathological staging and local and regional control (evidence quality low, 
weak recommendation).
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in whom a three-hole esophagectomy and cervical anastomosis are planned, we 
typically dissect the upper thoracic third field, whether through an open thoracot-
omy or with a minimally invasive approach. Dissection of the third field is particu-
larly likely to yield positive nodes when lower thoracic nodes are already 
demonstrated to be positive. In these patients, particularly for those who received 
neoadjuvant chemotherapy alone, we believe that an en bloc esophagectomy with 
three-field dissection is a critical component of local and regional control. We gen-
erally do not dissect the third field in patients with GEJ tumors, particularly those 
who received neoadjuvant chemoradiation in whom a thoracic anastomosis is 
planned.
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 Introduction

For esophageal cancer, a lymphadenectomy should be standard of care during 
esophagectomy and is essential for staging purposes. Some debate persists about 
the optimal lymphadenectomy and the impact on overall survival. This chapter 
will review the extent of lymphadenectomy that should be performed during 
esophagectomy, different lymph node prognostic indicators of survival, and rec-
ommendations for standardization of nodal dissection in patients with esopha-
geal cancer.

Regional nodal involvement remains one of the most important prognostic indi-
cators in resectable esophageal cancer and is reflected in the most recent American 
Joint Committee on Cancer (AJCC) TNM staging system [1–3]. In the National 
Comprehensive Cancer Network (NCCN) most current recommendation for lymph 
node dissection during esophagectomy, at least 15 nodes should be sampled for 
patients without induction chemoradiation. For patients undergoing induction ther-
apy, the NCCN reports that the optimal number of nodes is unknown, however a 
similar lymphadenectomy is recommended [4].

Current NCCN guidelines are based on a number of non-randomized studies. A 
retrospective analysis utilizing the Surveillance Epidemiology and End Results 
(SEER) database with 4882 patients demonstrated that patients undergoing esopha-
gectomy for esophageal cancer who had ≥12 lymph nodes sampled had signifi-
cantly reduced mortality when compared to those who had <12 nodes sampled (OR, 
1.69; 95% CI: 1.44–1.98) [4, 5]. Additionally, the Worldwide Esophageal Cancer 
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Collaboration (WECC) database examined 4627 patients demonstrating that a 
greater extent of lymphadenectomy was associated with increased survival for 
node-positive disease [4, 6].

While the NCCN guidelines and other studies have emphasized the importance 
of a thorough lymphadenectomy, esophageal surgeons in the US have consistently 
failed to meet the criteria for adequate nodal dissection. Samson and colleagues 
using the National Cancer Data Base (NCDB) found that from 1998 to 2012, among 
4686 esophagectomies performed, only 29.8% of patients had ≥15 nodes sampled 
[7]. Failure to meet this threshold was more common in low volume centers (less 
than 3.7 esophagectomies per year) versus high volume centers (greater than 20 
esophagectomies per year). Among low volume centers 74.4% did not complete an 
R0 resection with ≥15 lymph nodes resected, compared to 56.8% of high volume 
centers [7]. In the ACS Oncology Group Z0060 trial, 4% of patients undergoing 
esophagectomy had absolutely no lymph nodes sampled, and 11% had three or 
fewer lymph nodes sampled [8].

Only a minority of surgeons are currently meeting the recommended number of 
lymph nodes sampled for esophageal cancer resections. Correction of this disparity 
should lead to better standardization of surgical practice and institutional quality 
measures with the end goal of improved overall patient care and survival.

 Search Strategy

A literature search was performed to include articles from 2004 to 2019. Using 
PubMed, terms that were searched included: “esophageal cancer”, “lymphadenec-
tomy”, “lymph nodes”, “esophagectomy”, “lymph node excision”, “esophageal neo-
plasms”, “extent of lymph node excision”, “three-field lymphadenectomy”, “surgery 
for esophageal cancer”, “transhiatal”, “transthoracic”, “induction therapy”, “neoadju-
vant treatment”, and “lymphadenectomy complications”. Publications that were 
included were in English and regarded esophageal cancer in humans, or were cited 
sources in important articles related to the topic of esophageal cancer and lymph 
nodes. Table 33.1 lists the PICO formatted search terms. Data were classified using 
the GRADE system.

Table 33.1 PICO formatted terms for literature search

Patients Intervention Comparator Outcomes
Patients with 
esophageal cancer, 
histologic types 
adenocarcinoma 
and squamous cell 
carcinoma

Esophagectomy with 
lymphadenectomy or 
lymph node excision

More lymph nodes excised 
versus less lymph node excised

Mortality

Two-field versus three-field 
lymphadenectomies

Survival

Transhiatal versus 
transthoracic

Prognostic 
indicators

Upfront esophagectomy 
versus esophagectomy after 
induction therapy

Complications
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 Results

 Extent of Lymphadenectomy

 Without Neoadjuvant Therapy
Many studies have attempted to define the optimal number of lymph nodes har-
vested during esophagectomy (Table 33.2) [5, 6, 9–13]. Samson et al., using the 
NCDB from 2006 to 2012, found that the largest decrease in mortality hazard in 
upfront esophagectomy was in patients with ≥25 lymph nodes sampled (HR 0.77, 
95% CI 0.67–0.89, P < 0.001) [9]. In a separate international study, a database from 
nine specialty centers similarly examined the number of lymph nodes removed dur-
ing esophagectomy. They concluded that the number of lymph nodes sampled was 
an independent predictor of survival, and to maximize survival benefit a total of 23 
lymph nodes need to be sampled [11]. Sentinel lymph node biopsy for esophageal 
cancer has been examined with limited success, as sentinel node mapping is techni-
cally challenging with significant variability in this population [14].

Table 33.2 Number of lymph nodes resected to maximize survival

Author Source
No. of 
patients

Neoadjuvant 
therapy 
patients 
included

Primary 
outcome

No. of 
lymph 
nodes Grade

Groth [5] SEER 4882 Yes All-cause 
and 
cancer- 
specific 
mortality

>30 Moderate

Rizk [6] Single 
institution

336 No 5-year 
survival

≥18 Low

Samson [9] NCDB 18,777 Yes Overall 
survival

20–25 Moderate

Greenstein 
[10]

SEER 977 No Disease- 
specific 
survival

≥18 Moderate

Peyre [11] International 
database

2303 No 5-year 
survival

23 Moderate

Lagergren 
[12]

Single 
institution

606 Yes All-cause 
and 
disease- 
specific 
5-year 
mortality

N/A Low

van Der 
Schaaf [13]

National 
database

1044 Yes All-cause 
5-year 
mortality

N/A Low

NCDB National Cancer Database, SEER Surveillance, Epidemiology, and End Results database
All studies examined patients with esophageal squamous cell carcinoma and esophageal 
adenocarcinoma
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To the contrary of harvesting more lymph nodes, Lagergren and colleagues sug-
gested that the extent of lymphadenectomy performed may not influence 5-year 
survival [12]. This single institution study examined 606 patients undergoing esoph-
agectomy for esophageal cancer and demonstrated that patients who had 21–52 
lymph nodes sampled had no statistically significant benefit in all-cause 5-year mor-
tality when compared to patients with 0–10 lymph nodes sampled (HR, 0.86; 95% 
CI, 0.63–1.17) [12]. These results have also been shown in a population-based study 
from Sweden that determined that patients with 7–114 nodes resected did not have 
any benefit in overall 5-year mortality when compared to patients with <7 nodes 
resected (adjusted HR, 1.00; 95% CI, 0.99–1.01) [13]. The authors suggested that a 
more aggressive approach to lymphadenectomy may increase perioperative compli-
cations and may not be necessary. Interestingly, these data also demonstrated that a 
higher ratio of positive nodes to total nodes dissected was a strong predictor of 
mortality, which would be difficult to determine without some minimal threshold of 
node dissection.

 With Neoadjuvant Therapy
In patients with locally advanced disease, neoadjuvant therapy has become standard 
[15]. The NCCN guidelines do not specifically address the number of lymph nodes 
to be sampled in patients with induction therapy, however it is recommend that a 
lymphadenectomy be performed in a similar fashion to up-front esophagectomies 
[4]. A multicenter randomized controlled trial examining neoadjuvant chemoradia-
tion compared to surgery alone showed a 27% decrease in the mean number of 
nodes sampled (P = 0.001) [16]. In this same study the overall survival for patients 
with neoadjuvant therapy did not differ between those who had ≥15 or <15 nodes 
sampled [16]. Samson and colleagues also showed using the NCDB that induction 
therapy was associated with a decreased likelihood of having 15 nodes sampled 
(OR 0.70, 0.65–0.76, P < 0.001) [9]. However, in this study overall survival was 
improved if induction therapy patients had >10 nodes sampled (HR 0.81, 95% CI 
0.74–0.90, P < 0.001) [9].

 Lymph Node Ratio

As an alternative measure from the absolute number of lymph nodes dissected, a 
different prognostic tool has been suggested which examines the ratio of positive 
nodes to total nodes sampled, known as the lymph node ratio (LNR) [17–19] 
(Table  33.3). The LNR reflects the degree of lymph node metastases and may 
decrease issues of stage migration. In a 2014 study by Tan and colleagues of 700 
esophageal squamous cell carcinoma patients, the LNR was determined to be an 
independent prognostic factor regardless of the total number of lymph nodes sam-
pled [17]. An additional study by Ruffato et al. corroborated these data in patients 
with esophageal adenocarcinoma patients, demonstrating that LNR correlated with 
better cancer-specific survival (P = 0.01) [18]. Others have suggested that a ratio of 
≤0.20 had greater prognostic capabilities than the conventional staging system [19]. 
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As an example, a patient with 1 metastatic node out of 2 sampled versus a patient 
with 1 metastatic node out of 20 sampled would both be classified as N1 under the 
conventional staging system. However, the LNR would be 0.5 and 0.05, respec-
tively. It is likely that the patient with two nodes sampled was inadequately 
staged [9].

 Surgical Approach During Lymphadenectomy

When comparing transthoracic or transhiatal approaches there has been no statisti-
cally significant difference in survival or tumor recurrence [8, 20, 21]. However, it 
has been suggested that the transthoracic approach may result in better lymphade-
nectomy with more accurate pathologic staging and possibly better prognostication, 
as nodal stations are better visualized compared to the transhiatal approach [8, 20].

The likelihood of cervical lymph node involvement in esophageal squamous cell 
carcinoma (ESCC) has been well established and can be as high as 46% in patients 
with upper esophageal cancers [22]. These upper esophageal tumors likely benefit 
from a three-field lymphadenectomy that would encompasses abdominal, mediasti-
nal, and cervical lymph nodes, which include paraesophageal nodes, supraclavicu-
lar nodes, and lymph nodes lateral to the carotids [23].

Table 33.3 Lymph node ratio

Author Study type
Cancer 
type Surgery Lymph node ratio results Grade

Tan [17] Retrospective 
cohort

ESCC Tri-incisional 
esophagectomy

LNR independent 
prognostic factor; used 
LNR percentiles of 0%, 
1–25%, and >25% (RR 
1.849, 95% CI 1.258–2.718, 
P = 0.002)

Low

Ruffato 
[18]

Retrospective 
cohort

EA Transthoracic 
esophagectomy

LNR positively correlated 
with cancer-specific 
survival (P = 0.01); patients 
with LNR ≤ 0.04 
significantly better survival 
than patients with 
LNR > 0.04 (P = 0.0001)

Low

Mariette 
[19]

Retrospective 
cohort

EA and 
ESCC

Transthoracic and 
transabdominal 
esophagectomy

LNR > 0.2 statistically 
significant factor predictive 
of survival (P = 0.014, OR 
1.6, 95% CI 1.1–2.3). In 
adequately staged patients 
(LNs examined ≥15) 
LNR > 0.2 not predictive of 
survival (P = 0.114, OR 1.9, 
95% CI 0.9–4.4)

Low

ESCC esophageal squamous cell carcinoma, EA esophageal adenocarcinoma, LNs lymph nodes, 
LNR lymph node ratio, RR relative risk, CI confidence interval, OR odds ratio
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With regards to distal esophageal carcinoma, some institutions favor a three-field 
lymphadenectomy approach, although it is uncertain if this is appropriate for all 
patients. Studies examining patients with adenocarcinoma of the lower esophagus 
have shown that lymph node involvement above the carina ranges widely from 5% 
to 36% [24–26]. Many studies have tried to determine if a more extensive lymphad-
enectomy is associated with more complications or increased 30-day mortality with 
varying results (Table  33.4) [9, 26–30]. Complications specific to an aggressive 
lymphadenectomy, three-field or otherwise, include recurrent laryngeal nerve injury 

Table 33.4 Examination of complications with extended lymphadenectomy

Author
Cancer 
type

Comparison of 
lymphadenectomies Results Grade

Samson 
[9]

EA and 
ESCC

0–14 LN vs. ≥15 LN 30-day and 90-day mortality 
decreased in ≥15 LN group (4.4% 
vs. 3.7%, P = 0.04. 9.6% vs. 7.7%, 
P < 0.001, respectively). No 
increase in 30-day readmission 
(8.1% vs. 7.9%, P = 0.68)

Moderate

Altorki 
[26]

EA and 
ESCC

3-field In 80 patients, 5% 30-day 
mortality, 26% pulmonary 
complications, 15% cardiac 
complications, 11% anastomotic 
complications, 9% recurrent nerve 
injury

Low

Schandl 
[27]

EA and 
ESCC

0–8 LN vs. 9–14 LN 
vs. 15–24 LN vs. 
25–81 LN

Larger number of lymph nodes 
removed did not decrease 
health-related quality of life at 6 
months or 5 years after surgery

Low

D’Journo 
[28]

EA Standard 2-field vs. 
Extended 2-field

No increase in mortality during 
hospital stay (11% vs. 9%, 
P = 0.69). Increase risk in 
extended 2-field for respiratory 
complications (25% vs. 49%, 
P = 0.02), atrial arrhythmia (0% 
vs. 10%, P = 0.04), and need for 
blood transfusion (1.6 vs. 3.6, 
P = 0.04)

Low

Lagergren 
[29]

EA and 
ESCC

0–7 LN vs. 8–15 LN 
vs. 16–114 LN

No increased risk of 
reoperation/30-day mortality with 
greater lymph node harvest 
(RR = 0.98, 95% CI 0.96–1.00)

Low

Maruyama 
[30]

EA and 
ESCC

2-field vs. 3-field Examining more than 60 nodes 
and/or 3-field dissection have 
increased risk of tracheobronchial 
lesions (OR 5.39, 95% CI 
1.60–21.6, P =  0.009. OR 8.11, 
95% CI 2.07–54.1, P = 0.008, 
respectively)

Low

EA esophageal adenocarcinoma, ESCC esophageal squamous cell carcinoma, LN lymph node, RR 
relative risk, OR odds ratio
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(as high as 20%), tracheal erosion, tracheal ulcer, fistula, thoracic duct leak, need for 
tracheostomy, reintubation, need for transfusion, anastomotic leak, and infection 
(wound, abscess, etc.) [30, 31]. In experienced hands the complications associated 
with three-field lymphadenectomy may be mitigated with the potential benefit of 
increased lymph node harvest [26].

 Standardization of Lymph Node Analysis

In the United States there is a wide variety of surgical techniques and reporting of 
pathology specimens. A secondary analysis of the American College of Surgeons 
Oncology Group Z0060 trial showed that 38% of specimens were submitted to pathol-
ogy with no distinct lymph node station indicated, and that among patients with at least 
15 nodes sampled the pathologist was credited for lymph node identification in 38% of 
specimens [8]. Overall lack of standardization of this process results in wide variability 
in the quality and accuracy of staging for esophageal carcinoma. It is ultimately the 
responsibility of the surgeon to institute consistent methods of nodal assessment either 
by accounting for lymph nodes independent of the pathologist or working closely with 
the pathologist to ensure accurate and reliable pathologic staging.

 Conclusions and Recommendations

A lymphadenectomy is standard practice for patients undergoing esophagectomy 
for esophageal carcinoma. The approach to a lymphadenectomy is complex and 
dependent on many variables. A standardized approach to surgical practice and 
institutional quality measures may lead to superior results from a lymphadenec-
tomy, potentially resulting in better patient outcomes.

Based on the most recent data a lymphadenectomy should at least include 15 
lymph nodes sampled in patients with up-front esophagectomy and esophagectomy 
after induction therapy via surgeons preferred technique (transhiatal vs. transtho-
racic). The operation should include at least a two-field node dissection depending 
on the tumor histology and location, and the institution should have a standardized 
technique for submitting lymph nodes to pathology and for nodal assessment of the 
submitted specimen for the most accurate TNM staging.

Recommendations
• The lymphadenectomy during esophagectomy should at least include 15 

lymph nodes (evidence quality low, weak recommendation).
• An esophagectomy should include at least a two-field node dissection 

depending on the tumor histology and location (evidence quality low, weak 
recommendation).

• Each institution should have a standardized technique for submitting lymph 
nodes to pathology and nodal assessment of the submitted specimen for the 
most accurate TNM staging (evidence quality low, weak recommendation).
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 A Personal View of the Data

The trend with many malignancies such as breast cancer utilizing sentinel node 
biopsy is to prevent potential complications associated with a more aggressive nodal 
dissection while maintaining the ability to assess nodes for prognostic purposes and 
for decisions regarding adjuvant treatment. The complexity and multidirectional 
lymphatic drainage of the esophagus poses challenges to simplified focused nodal 
assessment for esophageal cancer. On the one hand it could be argued that a more 
aggressive nodal dissection improves identification of occult nodal metastases for 
prognostic discussion and for selection of adjuvant therapy, while others may argue 
that resection of multiple negative lymph nodes, while reassuring, is not necessary 
and identification of positive nodes is simply a reflection of disseminated disease 
and therefore the outcome is predetermined. This seems to be somewhat of a nihil-
istic view but the ultimate answer is likely much more complex. A reasoned 
approach would suggest that the adequacy of nodal dissection is a threshold that 
maximizes the cancer specific survival benefit of identification of nodal disease 
without incurring dissection related morbidity or mortality that might diminish the 
cancer-related benefits of nodal dissection. Such an approach would thus be 
impacted by tumor factors, surgical technique, surgical volume, and surgeon experi-
ence. The threshold may evolve over time but the current NCCN guidelines create a 
reasonable foundation or standard that at the very least creates a surrogate measure 
for quality.
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 Introduction

Preoperative chemoradiation (CXRT) has revolutionized the treatment paradigm for 
locally advanced esophageal cancer. Early studies demonstrated improvement in 
survival with a multi-modality approach compared to surgery or radiation alone [1, 
2]. Several studies have also shown that chemoradiation followed by surgery 
improves survival [3, 4], and trimodality (chemoradiation followed by surgery) 
patients have better local disease control compared to chemoradiation alone [4–6]. 
However, the role of surgery in locally-advanced esophageal cancer remains contro-
versial. Roughly half of squamous cell carcinoma (SCC) and 25% of adenocarci-
noma (AC) patients achieve a pathologic complete response after neoadjuvant 
chemotherapy, which has led surgeons to question the role of esophagectomy in the 
setting of clinical complete response [7]. RTOG0246 demonstrated the efficacy of a 
selective surgical resection strategy [8], selecting only patients with persistent or 
recurrent disease as candidates for surgical resection. Thereafter, an understanding 
of the optimal populations who stand to benefit from a potentially morbid salvage 
resection has been a topic of great debate within the surgical community. With the 
pre-SANO trial, diagnostic tools for assessment of clinical complete response were 
established and are being utilized in the ongoing Phase III SANO trial [9] compar-
ing up-front surgery to a watch-and-wait strategy. The results from this trial will 
help to provide some clarity on the topic of observation versus planned surgical 
resection after CXRT. Notwithstanding, this chapter is not designed to discuss the 
relative merits of definitive chemoradiation versus CXRT + surgery. Patients arrive 
at consultation for salvage resection for multiple reasons; planned observation after 
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CXRT, poor performance after preoperative therapy, or patient/physician choice to 
avoid surgery, to name a few. Our task is to discuss the merits and pitfalls of salvage 
resection once at that decision point.

Though salvage esophagectomy is defined in most studies as surgery performed 
for persistent or recurrent disease after treatment with definitive chemoradiotherapy, 
a firm grasp on this population, particularly in the setting of retrospective investiga-
tions, is elusive. This is largely due to the fact that it becomes difficult to separate 
true salvage from delayed planned resection. Similarly, distinguishing early recur-
rence from true persistence has posed challenges. Nonetheless, we have attempted 
to outline the current literature regarding the outcomes of patients undergoing sal-
vage esophagectomy in this chapter.

 Search Strategy

A Pubmed search was undertaken using the MeSH terms “esophagus,” “salvage 
therapy,” “esophagectomy,” “adenocarcinoma,” and “esophageal squamous cell car-
cinoma” (Table  34.1). Additional queries were performed with the keywords 
“esophagus, “surgery,” and “resection.” Original articles, systematic reviews, and 
meta-analyses published from 2012 through 2019 were included for evaluation. In 
total, this approach revealed 111 abstracts for review. Due to the preponderance of 
retrospective investigations with a relative lack of randomized data comparing sal-
vage surgery to alternative treatment modalities, a priority was placed on systematic 
reviews and larger retrospective reports. Only studies published in the English lan-
guage were included.

 Results

Multiple investigations have shed light upon the role of salvage esophagectomy for 
recurrent or persistent cancer. In this section, we review the results of such reports, 
first outlining the data describing outcomes of both adenocarcinoma and squamous 
cell carcinoma (Table 34.2). We then present results separately for each histology 
based on studies that investigated individual cohorts.

Table 34.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator)
O 
(Outcomes)

Patients with persistent or 
recurrent cancer after 
completion of definitive 
chemoradiotherapy

Salvage 
esophagectomy

Non-operative management, 
including chemotherapy, 
radiation therapy, 
combination therapy, and 
observation

Survival, 
morbidity
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Table 34.2 Series on salvage esophagectomy following definitive chemoradiation

Author, year
Total 
patients

Salvage 
surgery

SCC/
AC Study design

Salvage 
definition

Quality 
of 
evidence

Markar 
et al., 2015 
[10]

848 308 515/319 Comparative 
study (salvage vs. 
planned resection, 
matched)

Recurrence/
persistent

Low

Cohen 
et al., 2018 
[11]

308 308 193/115 Case series Recurrence/
persistent

Very low

Faiz et al., 
2019 [12]

954 954 660/224 Meta-analysis Recurrence 
and/or 
persistent

Very low

Marks 
et al., 2012 
[13]

586 65 –/65 Comparative 
study (salvage vs. 
planned resection, 
matched)

Recurrence/
persistent

Very low

Taniyama 
et al., 2018 
[17]

100 100 100/– Comparative 
(recurrent vs. 
persistent disease, 
unmatched)

Recurrent/
persistent

Very low

Sohda 
et al., 2017 
[15]

40 40 40/– Case series Recurrent/
persistent

Very low

Wang 
et al., 2014 
[16]

104 104 104/– Comparative 
(recurrent vs. 
persistent disease, 
unmatched)

Recurrent/
persistent

Very low

Watanabe 
et al., 2015 
[14]

63 63 63/– Case series Recurrent/
persistent

Very low

Mitchell 
et al., 2019 
[18]

41 35 35/– Comparative 
study (salvage vs. 
planned resection, 
unmatched)

Recurrent/
persistent

Very low

Buckstein 
et al., 2019 
[19]

37 37/– Review Very low

Kumagai 
et al., 2016 
[20]

219 136 219/– Meta-analysis: 
(salvage vs. 
second-line CRT, 
unmatched)

Very low

SCC squamous cell carcinoma, AC adenocarcinoma, CRT chemoradiotherapy
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 Studies That Combined Esophageal Adenocarcinoma 
and Squamous Cell Carcinoma

 Survival
Two retrospective studies containing both SCC and AC histology were derived from 
a single database for 30 French-speaking European hospitals. In the first study, 
Markar et al. reported on 848 patients who underwent either neoadjuvant chemora-
diotherapy followed by surgery, or definitive chemoradiotherapy and subsequently 
had salvage surgery [10]. Cohen et al. also evaluated the same 308 salvage patients 
to specifically determine factors associated with morbidity and mortality [11]. 
Among these populations, approximately 60% had SCC, and all patients received 
bimodality concurrent chemoradiation. Most salvage patients had persistent disease 
compared to recurrent (76% vs. 24%). Trimodality-treated patients were more likely 
to have tumors of the lower esophagus, for which Ivor-Lewis esophagectomy was 
typically performed. Patients with persistent disease were more likely to be mal-
nourished with higher pathological stage compared to those with recurrent disease. 
Results showed that no significant differences were found for in-hospital mortality 
between salvage and planned trimodality patients (8.4% vs. 9.3%) [10]. However, 
among the salvage group, patients had significantly increased rates of in-hospital 
mortality in several subsets of patients: (a) for those undergoing surgery at a low- 
volume center, (b) patients who received a total radiation dose ≥55  Gy, and (c) 
patients who had squamous histology [10, 11]. The authors postulated that high 
doses of radiotherapy may be correlated with observed increased rates of anasto-
motic leak and resultant in-hospital mortality.

Cohen et al. later confirmed this hypothesis, demonstrating an increased rate of 
death secondary to anastomotic leak in those with radiation ≥55 Gy (54.5% vs. 
14.3%, p = 0.017). However, at 3 years, salvage and planned trimodality patients 
continued to show no differences in overall survival (43.3% vs. 40.1%) or 
progression- free survival (39.2% vs. 32.8%) [10]. Cohen et  al. further identified 
independent risk factors associated with increased mortality among salvage patients, 
namely radiation dose ≥55 Gy, postoperative complications, pathologic stage III 
disease or higher, and R1 or R2 resection [11]. Persistent disease patients did not 
differ in terms of short-term survival compared to those with recurrent disease; 
however, survival differences were more apparent when evaluating long-term sur-
vival (Table 34.3), as well as locoregional (20.6% vs. 13.9%) and distant recurrence 
rates (26.5% vs. 18.7%), though not statistically significant [10].

A meta-analysis by Faiz et al. included 28 studies comprising 1076 patients from 
2007 to 2017 [12]. Nearly all salvage patients in this study received ≥50 Gy radio-
therapy. Most patients had definitive bimodality treatment, while a lesser proportion 
(110/1076, 10%) received planned trimodality therapy. The indication for salvage 
esophagectomy was unknown in 73.6% patients, and of the remainder, most patients 
had persistent disease compared to recurrent (17.5% vs. 8.9%). The pooled 3-year 
survival rate for salvage patients in this meta-analysis was 39% [12]. R0 resection 
was associated with better 3- and 5-year survival, but no survival differences were 
found between persistent and recurrent disease (Table 34.4).
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 Morbidity
Postoperative morbidity is common after esophagectomy, especially after preopera-
tive chemoradiation. Among the described cohorts, 63.6% of salvage patients and 
58.9% of planned trimodality patients had any complication, including 13.1% with 
anastomotic leak (salvage: 17.2% vs. planned: 10.7%) [10]. In salvage populations, 

Table 34.3 Perioperative mortality and long-term survival

Author, year
In-hospital 
mortality

90-day 
mortality 1-year OS 3-year OS 5-year OS

Markar 
et al., 2015 
[10]

Salvage: 8.4%
  Persistent: 9.8%
  Recurrent: 4.1%
Planned: 9.3%

Salvage: 43.3%
  Persistent: 

39.1%
  Recurrent: 

56.2%
Planned: 40.1%

Cohen 
et al., 2018 
[11]

8.4% 43.3% 34%

Faiz et al., 
2019 [12]

8% 39% 19.4%

Marks 
et al., 2012 
[13]

Salvage: 
4.6%
Planned: 
7.7%

Salvage: 48%
Planned: 55%

Salvage: 
32%
Planned: 
45%

Taniyama 
et al., 2018 
[17]

Residual: 5.8%
Recurrent: 2.1%

Residual: 
57.1%
Recurrent: 
89.6%

Residual: 
13.1%
Recurrent: 
46.9%

Sohda 
et al., 2017 
[15]

5%

Wang et al., 
2014 [16]

Residual: 
66.3%
Recurrent: 
87.8%

Residual: 29.7%
Recurrent: 56%

Residual: 
20.1%
Recurrent: 
42.5%

Watanabe 
et al., 2015 
[14]

7.9% 30% 15%

Mitchell 
et al., 2019 
[18]

Salvage 
17.1%
Planned 
9.8%

Salvage: 
68.6%
Planned: 
80.5%

Salvage: 45.7%
Planned: 72.6%

Salvage: 
24.2%
Planned: 
66.7%

Buckstein 
et al. 2019 
[19]

33–70%

Kumagai 
et al., 2016 
[20]

0–22% (not 
reported in 3 of 4 
studies for 
second-line CRT)

Salvage: 17–58% 
Second-line 
CRT: 0–12%

OS overall survival, CRT Chemoradiotherapy
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those with recurrent disease appeared to be at the greatest risk of leak (20.3%). 
Rates of surgical site infection also differed between salvage and planned resection 
populations (salvage: 18.5% vs. planned: 12.2%), and these differences persisted 
after propensity score matching. No differences were found for other complications 
such pulmonary infections (42.9% vs. 40.9%) and cardiovascular complications 
(13.6% vs. 13.5%) [10].

Cohen et al. evaluated only complications classified as Clavien-Dindo grade III 
and above, noting that 34.7% of salvage patients had a clinically significant compli-
cation, including 12.7% with anastomotic leak, 25.3% with pulmonary 

Table 34.4 Postoperative complications

Author, year
Pulmonary 
complication

Cardiovascular 
complication

Anastomotic 
leak

Postoperative 
morbidity

Markar et al., 
2015 [10]

Salvage: 42.9%
  Persistent: 

42.9%
  Recurrence: 

43.2%
Planned: 40.9%

Salvage: 13.6%
  Persistent: 

14.5%
  Recurrent: 

10.8%
Planned: 13.5%

Salvage: 
17.2%
  Persistent: 

16.2
  Recurrent: 

20.3%
Planned: 
10.7%

Salvage: 63.6%
  Persistent: 

52.6%
  Recurrent: 

58.1%
Planned: 58.9%

Cohen et al., 
2018a [11]

25.3% 10.9% 12.7% 34.7%

Faiz et al., 
2019 [12]

29.3% 6.7% 17.2%

Marks et al., 
2012 [13]

Salvage: 23.1%
Planned: 18.5%

Salvage: 
18.5%
Planned: 
16.9%

Salvage: 35.4%
Planned: 30.8%

Taniyama 
et al., 2018 
[17]

Residualb: 30.8%
Recurrentb: 
14.6%

Residualc: 23.1%
Recurrentc: 14.6%

Residuald: 28%
Recurrentd: 
23.9%

Residual: 78.8%
Recurrent: 
72.9%

Sohda et al., 
2017 [15]

25% 2.50% 20% 50%

Watanabe 
et al., 2015 
[14]

65.1%

Mitchell et al., 
2019 [18]

Salvage: 40%
Planned: 17.1%

Salvage: 48.6%
Planned: 19.5%

Salvage: 
11.4%
Planned: 
12.2%

Salvage: 71.4%
Planned: 36.6%

Buckstein 
et al. 2019 
[19]

42%

aAll complications are Clavien-Dindo III or greater
bPost-operative pneumonia only
cArrhythmia only
dFull thickness gastrointestinal defect involving anastomotic staple line or conduit confirmed by 
endoscopy or by contrast radiography in all cases
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complications, and 8.4% with cardiovascular complications [11]. The authors iden-
tified cervical anastomosis (p < 0.001) to be an independent risk factor associated 
with anastomotic leak in multivariable Cox regression analysis. Due to the anasto-
motic leak-related perioperative mortality mentioned above, the authors argued that 
attempts to avoid an intrathoracic leak by way of a cervical anastomosis is not justi-
fied. Though they did not find statistically significant rates of leak among patients 
receiving greater than or less than 55 Gy of radiation, they cautioned that the radia-
tion dose must be taken into consideration when making surgical decision.

 Studies with only Esophageal Adenocarcinoma

 Patients
We identified one single-institution, retrospective study which exclusively addressed 
AC patients. In the cohort assembled by Marks et al., more than 95% of all tumors 
were in the lower third of esophagus [13]. Radiation doses were similar between 
salvage and planned resection patients. The median delay from therapy to surgery 
was 216 days for salvage patients compared to 50 days for planned resection. 
Salvage patients tended to be older, ever-smokers and diabetics, with higher 
American Society of Anesthesiologist class score. Clinical and pathologic stages 
also differed between groups. The authors reported results regarding short and long- 
term outcomes. Salvage patients were less likely to have R0 resection, had fewer 
lymph nodes retrieved, and had higher intensive care unit (ICU) admission rates.

 Survival
Despite some minor differences in short-term outcomes, salvage and planned resec-
tion did not differ in terms of 30-day (3.1% vs. 4.6%) or 90-day mortality (4.6% vs. 
7.7%) [13]. Survival rates at 3 and 5 years for salvage versus planned resection were 
(48% vs. 55%) and (32% vs. 45%), respectively, and were not significantly differ-
ent. Age, smoking status, tumor stage, and number of positive nodes were all inde-
pendent predictors of mortality among the entire cohort of patients undergoing 
salvage and planned resections. However, surgical strategy (planned vs. salvage) 
and time to surgery were not significant predictors of death, highlighting the lack of 
difference between the two groups in terms of survival outcomes. In a subgroup 
analysis of salvage patients only, tumor location in the lower third of the esophagus 
or gastroesophageal junction, radiation dose >45 Gy, number of nodes resected, and 
number of positive nodes were independent predictors of worse overall survival, 
although only 3/65 patients had tumor in the upper two-thirds.

 Morbidity
Approximately one-third of all patients suffered a postoperative complication (sal-
vage: 35.4% vs. planned 30.8%). Salvage patients had significantly more postopera-
tive blood transfusions (26.2% vs. 14.8%, p = 0.019) and ICU readmissions (21.5% 
vs. 8.6%, p = 0.001) compared to those undergoing resection in a planned fashion. 
There were no significant differences between groups with regard to anastomotic 
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leak, pulmonary events, conduit loss, chylothorax, or recurrent laryngeal nerve inju-
ries. Multivariate analysis showed that type of resection was the only factor in pre-
dicting major events, with those undergoing a minimally invasive or three-field 
esophagectomy to be at increased risk of perioperative morbidity (reference, open 
Ivor Lewis, odds ratio 2.3 and 3.64, respectively).

 Esophageal Squamous Cell Carcinoma

 Patients
The median number of patients evaluated in the studies we reviewed was 76 (range 
37–219). Though all investigations evaluated patients who had undergone chemora-
diation, two studies were included in which a small percentage of patients received 
neoadjuvant radiation alone [14, 15]. Most studies included patients who received 
doublet 5-fluorouracil and cisplatin, and other platinum-based agents were infre-
quently used. Two investigations included a subset of patients who received only 
single-agent chemotherapy. Regarding radiation dose, the majority of studies 
included patients whose cumulative radiation dose was between 50 and 70 Gy.

In order to elucidate the optimal patient population most likely to benefit from 
salvage esophagectomy, a variety of inclusion criteria and methodological 
approaches were outlined. Two studies compared the outcomes of patients with 
persistent versus recurrent disease [16, 17]. Using trimodality therapy as a refer-
ence, one investigation compared salvage resection to standard planned approach, 
including patients with either persistent or recurrent disease [18]. One remaining 
study evaluated salvage compared to second line chemoradiation therapy, and the 
remaining three investigations reported the outcome of patients undergoing salvage 
alone without a comparator [14, 15, 19, 20].

 Survival
Several investigations outlined the factors which may contribute to differential 
prognoses among patients undergoing salvage resection. Sohda et al. contributed a 
retrospective report of the outcomes of 40 patients undergoing salvage esophagec-
tomy for recurrent or persistent disease [15]. Though their investigation contributes 
to the relatively small field of literature on this topic, interpretation of the data 
therein is limited by the fact that only 27 (68%) patients received neoadjuvant 
chemoradiation, while the remainder had only radiation therapy. Though the study 
may be underpowered to detect meaningful results, and may potentially have an 
overfit multivariable model, only persistent tumor was associated with survival out-
comes in their investigation.

Similarly, Watanabe et al. reviewed the outcomes of 63 patients undergoing sal-
vage resection for SCC following definitive CXRT [14]. Similar to Sohda et al., the 
report presented by Watanabe included a minority of patients (12, 19%) who only 
received neoadjuvant radiation therapy alone. The mortality rate was 8%, and 3-year 
survival was 30%. These survival data were corroborated by Buckstein et al., who 
reported 3-year survival ranging from 33 to 70% among the studies evaluated [19]. 
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Of importance, no in-hospital mortality occurred for patients with cT1-2 or cN0 
disease, or among patients who achieved pathologic complete response following 
neoadjuvant CXRT.  Persistent disease and higher ypT category were associated 
with an increased hazard of death upon multivariate analysis. Additionally, the 
authors noted that although univariable analysis revealed that tumor depth and 
response to neoadjuvant therapy were predictive of R0 resection, no factors could 
be identified which were independently associated with this outcome on multivari-
ate analysis.

To further define the patient populations undergoing salvage resection, two 
authors aimed to evaluate the disparate cohorts of patients: those with persistent 
versus recurrent disease. Among patients undergoing esophagectomy for SCC in 
the investigation by Taniyama et al., those undergoing salvage resection for persis-
tent disease demonstrated worse 5-year survival when compared to those with 
recurrent cancers (13% vs. 47%), though this appears to have been derived from 
unadjusted Kaplan-Meier analyses only, without supportive multivariate models 
[17]. While long-term survival is typically quite poor for esophageal cancer overall, 
additional factors in the setting of a salvage resection were demonstrated to be of 
additional prognostic importance.

Sharing their institutional experience, a study by Wang et al. likewise evaluated 
the survival outcomes of patients undergoing salvage esophagectomy for persistent 
or recurrent disease [16]. Similar to the report by Taniyama, Wang et al. demon-
strated superior survival among patients with recurrent disease, in comparison to 
those with persistent tumor following definitive CXRT. Three-year survival rates 
were 56% (recurrent) and 30% (persistent). However, it should be noted that 9 of 
113 patients suffered perioperative death and were excluded from analysis. 
Multivariate analysis showed that completeness of resection and recurrent disease 
was associated with prolonged survival times, although the selected final model 
may suffer from collinearity (due to duplicate inclusions of individual T, N, and M 
categories as well as composite TNM stage), which weakens these findings.

Aiming to answer a question of whether salvage surgery in SCC has similar short 
and long-term outcomes to salvage resection, Mitchell et al. retrospectively evalu-
ated the perioperative morbidity and survival of 76 patients undergoing planned or 
salvage esophagectomy for SCC from 2004 to 2016 in their single center experience 
[18]. The study included 35 patients who underwent a salvage operation, while the 
remaining 41 underwent planned resection following CXRT as a component of tri-
modality therapy. The authors demonstrated prolonged survival times for patients 
undergoing planned compared to salvage resection, with 3-year survival rates of 
73% and 46%, respectively. However, the authors caution against direct compari-
sons between the two groups, as selection biases are prevalent between these 
cohorts. These data suggest that among patients with squamous tumors, surgery, 
when feasible, should not be delayed.

Given the high risks of a salvage operation in SCC patients, Kumagai et  al. 
sought to review the available literature, comparing salvage to second line CXRT 
[20]. Their report compiled results from 4 retrospective comparative studies, and 
included 219 patients with persistent or recurrent disease following CXRT, 136 
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(62%) of whom underwent salvage resection compared to second-line therapy. In 
this review, the authors reported survival rates at 3 years to be 17–58% in the sal-
vage group, compared to 0–12% in the second-line chemoradiotherapy population. 
Rates of perioperative mortality across studies ranged from 0% to 22% for patients 
undergoing resection, though only 1 study included reported on CXRT-related mor-
tality rates. Using a pooled meta-analysis, patients undergoing salvage resection 
were noted to have a reduced hazard of death in comparison to a reference category 
of CXRT (HR 0.42). However, it should be noted that a high degree of heterogeneity 
across investigations was noted, which limits precise interpretation and extrapola-
tion of these data.

 Morbidity
Among the included investigations, the risk profile of salvage surgery portrays a 
highly morbid and potentially life-threatening operation. Taniyama et  al. impor-
tantly demonstrated similar perioperative outcomes among patients with persistent 
and recurrent disease, with comparable rates of nerve palsy, anastomotic leak, pneu-
monia, arrhythmia, and chyle leak between groups [17]. In their review of two ret-
rospective investigations, Buckstein et al. reported concerning rates of perioperative 
events [19]. Similar to the aforementioned studies, a high rate of complications was 
noted (42%) in one trial evaluated, with a relatively high incidence of tracheal- 
related complications following radiation.

Importantly, poor perioperative outcomes were demonstrated in an investigation 
by Mitchell et  al., in which salvage patients experienced increased number and 
severity of complications as compared to those undergoing planned resection [18]. 
Such results highlight that timeliness of resection in patients with SCC may be 
important, as salvage resection may not yield similar risks to planned resection [13]. 
Nonetheless, significant selection bias in all the retrospective studies needs to be 
considered when interpreting these data.

The modest report by Sohda et al. included a concerning perioperative profile 
[15]. Though the authors’ patient cohort includes heterogeneous treatment algo-
rithms, as some patients received only neoadjuvant radiation therapy, 20 (50%) 
patients suffered complications, including 8 (20%) with anastomotic leak. 
Pulmonary complication rates were quite high among their patients, with 7 (18%) 
patients suffering a fatal pneumonia following surgery (survival range after surgery: 
2.7–41 months). Troubling rates of perioperative morbidity were corroborated by 
Watanabe et  al., with 41 (65%) patients suffering complications postoperatively, 
though specific details regarding such events are lacking [14].

 Conclusions and Recommendations

Salvage esophagectomy continues to be a consideration for patients with persistent 
or recurrent disease. Although the available studies provide a low quality of evi-
dence overall, they describe different outcomes following salvage surgery for the 
two distinct histological groups. For AC patients, salvage surgery did not differ in 
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terms of perioperative morbidity or long-term survival when compared to planned 
trimodality therapy [13]. These data suggest that salvage esophagectomy may pro-
vide equivalent oncologic outcomes at no greater morbidity risk in carefully selected 
populations with AC.

The same outcomes have not been identified in SCC patients. Although salvage 
surgery seems to offer survival benefit compared to second-line CXRT [20], salvage 
esophagectomy in this population is associated with an increased risk for postopera-
tive complications, which may be severe in many instances, as well as higher peri-
operative mortality when compared to planned resection [18]. Among patients 
requiring salvage resection, surgery for residual disease portended a poorer out-
come in comparison to recurrent disease [16, 17]. In a salvage resection cohort 
including both histologies, SCC and radiation dose ≥55 Gy were independent risk 
factors for in-hospital mortality. The same study showed that higher radiation doses 
were also associated with anastomotic leaks and subsequent complication-related 
deaths [11]. These results, although retrospective in nature, describe SCC as a dis-
ease which warrants timely surgery, rather than to save for salvage, whenever fea-
sible in appropriate surgical candidates. Among all evaluated studies, patients with 
recurrent disease had higher overall survival rates compared to persistent disease 
[10, 16, 17]. In selecting patients for salvage esophagectomy, histology, high radia-
tion dose, and indication should be considered and evaluated by the surgeon and 
discussed with the patient.

 A Personal View of the Data

Although this chapter focuses on the outcomes of salvage surgery, it is not an 
endorsement of definitive chemoradiation. Nor can we conclude from the data 
reviewed that planned resection is superior to salvage. The data reviewed is solely 
retrospective in nature, even when systematic review or meta-analyses were 

Recommendations
• Esophageal adenocarcinoma patients with locally recurrent or persistent 

cancer after definitive chemoradiation may be considered for salvage 
esophagectomy (evidence quality low; weak recommendation).

• Esophageal squamous cell carcinoma patients with persistent cancer after 
definitive chemoradiation should be considered for planned esophagec-
tomy without delay when feasible (evidence quality low; weak 
recommendation).

• For esophageal squamous cell carcinoma patients with recurrent disease 
after a prolonged disease-free interval following definitive chemoradia-
tion, salvage esophagectomy may be considered in a highly selected group 
of patients who are good surgical candidates (evidence quality low; weak 
recommendation).
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employed. There are only two randomized trials that are in the literature, both 
mainly focusing on SCC. When viewed from the lens of complete clinical response 
as an entry point to observation rather than surgery, outcomes seem to show equi-
poise to planned surgical resection. Yet, significant drawbacks of both of these trials 
have been leveled in criticism. They are underpowered, and perioperative mortality 
seems excessive in comparison to AC patient populations and large volume centers. 
We are looking forward to the results of the SANO study, which may add further 
data to validating (or not) the concept of selective surgery for patients obtaining an 
excellent response to chemoradiation.

As for the retrospective reviews, we can only surmise a few take-home points. 
Salvage surgery is a reasonable option for patients who have recurred after defini-
tive CXRT, but these are data on a very selected subgroup of patients. Concluding 
that selective surgery after chemoradiation is a viable treatment strategy is not an 
appropriate interpretation of any of these retrospective studies. However, we note 
that only that those few who were able to undergo salvage did reasonably well (for 
AC histology). Further, there are subgroups who do not perform as well with sal-
vage surgery (SCC), and this may be a result of the inherent risks in the patient 
cohort, but further data are required.

At our own institution, our practice preference is trimodality therapy, with com-
pletion of surgical resection in a planned fashion, in those who can tolerate the 
procedure safely with an acceptable risk profile, even in spite of complete clinical 
response. Among those treated with definitive bimodality therapy who demonstrate 
disease recurrence, salvage surgery, again in patients able to undergo such a proce-
dure, is considered.
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35Early Oral Feeding After Esophagectomy

Hai-Bo Sun, Megan Schultz, and Andrew C. Chang

 Introduction

Despite improvements in the surgical techniques for esophagectomy, postoperative 
care remains similar between MIE and open surgical approaches, particularly 
regarding the resumption of oral intake. Several studies have investigated imple-
mentation of Enhanced Recovery After Surgery (ERAS) protocols in patients 
undergoing esophagectomy [1–3], particularly since esophagectomy has been 
identified as a complex operation with well-documented high rates of perioperative 
morbidity and mortality. Such protocols have included earlier resumption of oral 
intake. There are three possible routes for enteral nutrition (EN) following esopha-
gectomy: via early oral intake, surgical jejunostomy, or nasoenteric tube place-
ment. At present, there is no consensus about the best feeding route and the proper 
timing of postoperative oral feeding after esophagectomy. We performed a system-
atic literature review of studies evaluating early oral feeding (EOF) after 
esophagectomy.
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 Search Strategy

A literature search of English language publications from 2000 to 2019 was used to 
identity published data on early oral feeding after esophagectomy. Our search strat-
egy was to use the terms (((“2000”[Date – Publication]:“2019”[Date – Publication])) 
AND ((“controlled clinical trial”[Publication Type] OR “meta analysis”[Publication 
Type] OR “randomized controlled trial”[Publication Type]))) AND (early oral feed-
ing OR early feeding OR ERAS) AND (esophagectomy OR esophageal surgery) on 
PUBMED. This strategy is outlined in the Table 35.1.

 Results

 Enteral Feeding After Esophagectomy: Why?

Traditionally, patients were not fed enterally after gastrointestinal surgery until 
there was clinical evidence that the ileus had resolved, usually in the form of flatus. 
However, it is now accepted that enteral nutritional support is safer and more effica-
cious whenever possible, with supporting data including several studies of early 
enteral nutrition (via jejunostomy) following major upper GI resection [4]. It is 
important to use the gastrointestinal tract to achieve a trophic effect and activity in 
the small intestine mucosa, a goal which could probably be achieved by only a small 
amount of enteral nutrition. As little as 300  mL/day is required to prevent the 
changes of intestinal permeability caused by total starvation [5]. Establishing enteral 
nutrition in the early postoperative period reduces the incidence of life-threatening 
complications and decreases postoperative hospital length of stay following esopha-
gectomy [6].

Table 35.2 shows studies evaluating early enteral tube feeding after esophagec-
tomy. Aiko et al. [7] compared total parenteral nutrition (TPN) alone with TPN and 
enteral nutrition per jejunostomy combined after esophageal cancer surgery. Results 
show that serum bilirubin and C-reactive protein levels were higher and serum lym-
phocyte count was lower in the combined group than in the TPN alone group. There 
were no other statistically significant differences in postoperative complications or 
nutritional status at 7 days between the two groups, suggesting per the authors that, 
biochemically at least, enteral feeding carries some benefit [7]. Gabor et  al. [8] 

Table 35.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Esophagectomy 
patients

Early postoperative 
feeding

Delayed 
postoperative 
feeding

Complications
Nutritional status
Time to recovery of bowel 
function
Time to hospital discharge
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Table 35.2 Overview of relevant publications for early enteral tube feeding (EEF) compared total 
parenteral nutrition (TPN) after esophagectomy

Author Year Objectives Primary outcomes Conclusion

Study type 
(quality of 
evidence)

Swails 
et al. [32]

1985 EEF 
(n = 13) vs. 
TPN 
(n = 12)

Complications: NS
Length of hospital 
stay:  NS
Mortality: None 
reported

No statistical 
significant 
advantages of EN 
over no feeding

Randomized 
controlled 
(high)

Baigrie 
et al. [33]

1996 EEF 
(n = 50) vs. 
TPN 
(n = 47)

Complications: NS EN is safe Randomized 
controlled 
(high)

Aiko 
et al. [7]

2001 EEF + PN 
(n = 13) vs. 
TPN 
(n = 11)

Mortality: NS, 
Nutritional Status: 
NS
ICU and hospital 
stay: shorter in EEF 
group

Patient might 
benefit the most 
from EEF

Randomized 
controlled 
(high)

Page et al. 
[34]

2002 EEF 
(n = 20) vs. 
TPN 
(n = 20)

Complications: NS
Length of hospital 
stay:  NS
Mortality: NS

NJ feeding is safe 
and effective but 
shows no 
detectable objective 
benefits

Randomized 
controlled 
(high)

Gabor 
et al. [8]

2005 EEF + PN 
(n = 44) vs. 
TPN 
(n = 44)

Complications: NS
First bowel 
movement: early (4 
days vs. 7.95 days)
30 days mortality: 
NS
Length of ICU stay: 
reduced (10 days 
vs. 19 days)
Length of hospital 
stay: reduced (26 
days vs. 43 days)

Compared to TPN, 
EEF may shorten 
both the stay on the 
ICU and in the 
hospital.

Retrospective 
cohort  (low)

Shiraishi 
et al. [35]

2005 EEF vs. 
TPN

Mortality: NS
Nutritional status: 
NS

Early enteral 
nutrition might be 
recommended as 
standard nutritional 
care

Randomized 
controlled 
(high)

Fujita 
et al. [6]

2012 PN (n = 88) 
vs. EN 
(n = 76)

Complications: NS
Life-threatening 
complications: 
lower (30.6% in PN 
group vs.  15.7% in 
EN group, P = 0.02)

Early enteral 
nutrition reduces 
the incidence of 
life-threatening 
surgical 
complications

Randomized 
controlled 
(high)

(continued)
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similarly compared a combined regimen (jejunostomy feeding and TPN) with TPN 
alone in a case-control study. Intensive care and overall hospital stay were shorter in 
the combined group. However, this study was striking for an extremely high reported 
anastomotic leak rate (48% for combined routes and 52% TPN alone). A study from 
Kobayashi et al. [9] showed early EN started within 3 days was safe and effective 
for postoperative esophageal cancer patients; its advantages included reducing the 
use of albumin infusion and TPN, promoting early recovery of intestinal motility, 
and promoting early recovery from systemic inflammation.

At present, although increasingly more surgeons accept the concept that “when 
the gut works, use it,” there is no consensus about the duration of enteral feeding via 
tube. Several centers have reported on the value of home enteral feeding in selected 
patients after esophagectomy [10, 11]. The results from a randomized controlled 
trial of 6 weeks of home enteral nutrition versus standard care after esophagectomy 
or gastrectomy for cancer showed that home enteral feeding by jejunostomy was 
feasible, safe, and acceptable to patients and their caretakers [12]. The investigators 
also concluded that determining whether home enteral feeding could be a cost- 
effective therapy for usual practice would require confirmation in an appropriately 
powered, multi-center study [12]. A presumed benefit of jejunostomy tube feeding 
is reduction of weight loss and a more rapid functional recovery. However, signifi-
cant weight loss is observed in most patients at 6 months postoperatively, despite 
routine application of jejunostomy tube feeding following esophagectomy [13]. 
This may be explained in part by the catabolic impact of esophagectomy, leading to 
significant loss of peripheral tissue mass [14], and partly explained by the difficulty 
to meet nutritional requirements orally after esophagectomy. The practice of routine 
home enteral feeding after esophagectomy has not been established.

Table 35.2 (continued)

Author Year Objectives Primary outcomes Conclusion

Study type 
(quality of 
evidence)

Mashhadi 
[36]

2015 EEF (n = 20 
) vs. TPN 
(n = 20)

Inflammation: 
reduced
Bowel movement: 
quicker
Costs: reduced
Nutritional 
outcomes: similar

Compared to TPN, 
EEF may reduce 
inflammation, 
fasten bowel 
function recovery 
and reduce costs.

Randomized 
controlled 
(high)

Han et al. 
[37]

2018 EEF 
(n = 403) 
vs. TPN 
(n = 262)

Complications: NS
Hospital charges: 
reduced
Length of 
postoperative stay: 
reduced

Compared to TPN, 
EEF may shorten 
postoperative stay 
and reduce hospital 
charges

Retrospective 
cohort  (low)

EN enteral nutrition, late oral feeding, NS statistically not significant, PN parenteral nutrition, NJ 
nasojejunal feeding
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 Early Oral Feeding After Esophagectomy: Why Not?

Although tube-feeding after esophagectomy is widely accepted, tube-feeding also 
may carry adverse effects after esophagectomy. Dependence on tube feeding may 
lead to impaired swallowing ability, potentially due to decreased use of swallowing 
musculature [15]. Weijs et al. [16] showed that surgical placement of a jejunostomy 
feeding tube during esophagectomy is associated with a mortality rate of 0–0.5% 
and a reoperation rate of 0–2.9%. Minor complications occur frequently, such as 
entry site infection in 0.4–16%, entry site leakage in 1.4–25%, and gastrointestinal 
tract symptoms in 10–39%. The main drawback of using nasojejunal tubes as feed-
ing route is frequent dislocation, occurring in 20–35% of all patients during their 
postoperative hospitalization.

In addition, the physical, psychological and emotional consequences of living 
with a feeding jejunostomy tube and the associated feedings are unknown, from 
both the patient and caretaker perspectives. The majority of patients with tube feed-
ings report gustatory deprivation experiences related to tasting, chewing and swal-
lowing food, drinking liquids, exposure to prohibited foods and unsatisfied appetite 
for certain food, the experiences of thirst, and dry mouth [17]. In addition, patients 
report suffering due to the deprivation of social contacts usually associated with 
eating together with relatives and friends [18].

Oral feeding is thought to be the best route physiologically for nutritional sup-
port after esophagectomy. Saliva is normally produced when eating and keeps the 
mouth clean. However, saliva production is often reduced during tube feeding nutri-
tional support and the oral mucosa can develop sores. Feeding tubes may alter oro-
pharyngeal colonization in tube-fed patients because of reduced salivary flow. 
Increased incidence of oropharyngeal colonization with respiratory pathogens is 
also caused by impairment of salivary clearance [19]. Concerns about immediate 
oral feeding after esophagectomy include the risk for anastomotic leakage, pulmo-
nary complications arising from aspiration, and potential effects of delayed gastric 
emptying.

 Early Oral Feeding After Esophagectomy: Where We Are?

At present, there is no consensus about when to start oral intake and what type of 
diet to try first in patients with esophagectomy. In 2008, the results of a randomized 
control trial (RCT) showed that allowing patients to eat regular food at will from the 
first day after major upper GI surgery did not increase morbidity compared with 
traditional nil by mouth and enteral feeding [20]. However, only eight patients with 
esophagectomy were enrolled in this randomized study, including two undergoing 
transhiatal esophagectomy and six undergoing a transthoracic approach; subgroup 
analysis was not performed.

At present there are only five studies that evaluate the feasibility and safety of 
early oral feeding (EOF) after esophagectomy (Table 35.3). A prospective multi-
center non-randomized clinical trial from the Netherlands showed that immediate 
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postoperative oral nutrition did not increase the pneumonia rate (28% in EOF group, 
40% in the LOF group, P = 0.202) or anastomotic leak (14% in EOF group, 24% in 
the LOF group, P = 0.202) [21]. The 90-day mortality rate was the same in the two 
groups (2%). Hospital stay and intensive care unit stay were significantly shorter 
among patients who received immediate oral intake [21]. The authors concluded 

Table 35.3 Overview of relevant publications for the early oral feeding (EOF) compared to late 
oral feeding (LOF) after esophagectomy

Author Year N Outcomes Conclusion

Study type 
(quality of 
evidence)

Mahmoodzadeh 
et al. [22]

2015 EOF 
(n = 54) 
vs. LOF 
(n = 55)

Complications: NS
Time to start soft 
diet: early (4 days vs. 
6 days)
Time to gas passage: 
shorter (3 days vs. 4 
days)
Postoperative 
hospital stay: shorter 
(6 days vs. 8 days)

EOF is safe and 
is associated 
with favorable 
outcomes

Randomized 
controlled 
(high)

Sun et al. [23] 2015 EOF 
(n = 68) 
vs. LOF 
(n = 65)

Complications: EOF, 
20.6% vs. LOF, 
29.2% (P = 0.249)
Time to first flatus: 
shorter (2.1 days vs. 
3.2 days)
Time to first bowel 
movement: shorter 
(4.4 days vs. 6.5 
days)
Length of 
postoperative stay: 
shorter (9.2 days vs. 
10.7 days)

EOF is feasible 
and safe.

Prospective 
cohort (low)

Weijs [21] 2016 EOF 
(n = 50) 
vs. LOF 
(n = 50)

Complications: 
pneumonia rate (28% 
in EOF vs. 40% in 
LOF, p = 0.202); 
anastomotic leakage 
rate (14% in EOF vs. 
24% in LOF, 
p = 0.202).
90-day mortality: 2% 
in both group
Hospital stay and 
ICU stay: shorter in 
EOF group
QOL evaluation: 
better

EOF is feasible 
and does not 
increase 
complications

Prospective 
cohort (low)

(continued)
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that immediate start of oral nutrition following esophagectomy seems to be feasible 
and does not increase complications compared to a retrospective cohort and litera-
ture review. However, in this study the median caloric intake achieved at POD 5 in 
the EOF group was 58% of required. In addition, 38% of the EOF patients required 
supplemental nonoral nutrition [21]. Furthermore, this study only included patients 
undergoing Ivor Lewis esophagectomy.

A RCT by Mahmoodzadeh et al. [22] showed that EOF after resection of esopha-
geal and gastric tumors was safe and was associated with favorable early in-hospital 
outcomes, earlier return to physiological gastrointestinal function, and shorter hos-
pital length of stay. However, this study not only included the patients with esopha-
gectomy but also included patients with gastrectomy. The risk for bias was high, 
since patients with complications were excluded.

In 2015, one retrospective study showed that postoperative gastric emptying is 
faster than preoperative gastric emptying with EOF and that EOF in patients with 
thoracolaparoscopic esophagectomy is feasible and safe [23].

In 2018, the results of an RCT comparing EOF with traditional nil-by-mouth for 
1 week after MIE showed that EOF after McKeown MIE is noninferior to the stan-
dard of care with regard to postoperative cardiac, respiratory, and gastrointestinal 
(CRG) complications (30.0% in the EOF group vs. 32.9% in the LOF group; 95% 
confidence interval of the difference: −13.8% to 8.0%). In addition, patients in the 
EOF group had a quicker recovery of bowel function and improved short-term 

Table 35.3 (continued)

Author Year N Outcomes Conclusion

Study type 
(quality of 
evidence)

 Sun et al. [24] 2018 EOF 
(n = 140) 
vs. LOF 
(n = 140)

Complications: 
noninferior
Time to first flatus: 
shorter (2 days vs. 3 
days)
Time to first bowel 
movement: shorter (3 
days vs. 4 days)
QOL evaluation: 
better

EOF is 
noninferior to 
the standard of 
care with regard 
to postoperative 
complications 
with a quicker 
recovery of 
bowel function 
and improved 
QOL

Single-center 
randomized 
controlled 
(high)

Berkelmans 
et al. [27]

2019 EOF 
(n = 65) 
vs. LOF 
(n = 67)

Time to functional 
recovery: (7 days vs. 
8 days, P = 0.436)
Anastomotic leakage 
rate:(18.5% in EOF 
vs. 16.4% in LOF, 
P = 0.757)
Pneumonia:(24.6% 
in EOF vs. 34.3% in 
LOF, P = 0.221)

EOF does not 
affect functional 
recovery and did 
not increase 
incidence or 
severity of 
postoperative 
complications

Multicenter 
randomized 
controlled 
(high)
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quality of life [24]. This may be beneficial for patients’ recovery after esophagec-
tomy. Based on the RCT, the authors further investigated the impact of EOF proto-
col on inflammatory cytokines (interleukin-6, IL-6; interleukin-8, IL-8; tumor 
necrosis factor alpha, TNF-α and monocyte chemotactic protein-1, MCP-1) after 
esophagectomy. The results showed that, compared with conventional rehabilitation 
programs, the EOF protocol may decrease stress response after McKeown MIE 
[25]. However this RCT was a single-center study, and only patients with hand-
sewn cervical anastomosis were included [26].

Recently, the only multicenter RCT investigating the feasibility of EOF after 
esophagectomy was published [27]. Patients in this study were randomized to 
immediately start oral feeding (intervention) after a MIE with intrathoracic anasto-
mosis or to receive nil-by-mouth and tube feeding for 5 days postoperatively (con-
trol group). The results showed that functional recovery was 7 days for patients 
receiving direct oral feeding compared with 8 days in the control group (P = 0.436). 
Anastomotic leakage rate did not differ between the intervention group (18.5%) and 
control group (16.4%, P = 0.757). Pneumonia rates were comparable between the 
intervention group (24.6%) and control group (34.3%, P = 0.221). The investigators 
concluded that early oral feeding after esophagectomy does not affect functional 
recovery nor the incidence or severity of postoperative complications [27].

 Early Oral Feeding After Esophagectomy: Ongoing Problems

Although some RCTs were published recently, the evidence supporting EOF proto-
col for all patients with esophagectomy is still weak. Some investigators suggest 
that, in clinical practice, a decision-making algorithm might be developed to iden-
tify patients who may benefit from EOF after undergoing esophagectomy [28]. 
Based on this review, we believe that more studies should be initiated to explore the 
benefits of EOF compared with traditional tube feeding after esophagectomy.

Before we apply EOF protocols as a routine clinical practice for patients with 
esophagectomy, two problems should be addressed. First, oral feeding immediately 
after esophagectomy may increase the risk of aspiration. The incidence of recurrent 
laryngeal nerve (RLN) injury can be greater for patients who have had a cervical 
anastomosis, especially for patients who underwent three field lymphadenectomy, 
and RLN injury is associated with increased aspiration risk [29, 30]. Second, after 
esophagectomy, oral feeding may not be sufficient to meet the patient’s caloric 
goals. Prior studies investigating EOF after esophagectomy showed that most 
patients cannot meet the required caloric goals when discharged home [24, 27].

 Conclusions and Recommendations

Although current evidence surrounding the potential benefits of early oral feeding 
after esophagectomy is limited, the relevant published studies suggest that EOF is 
safe and feasible. Some studies also suggest that recovery of bowel function may be 
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faster, hospital stay may be shorter, and quality of life may be improved with early 
oral feeding. The data about complication rates are mixed. In the setting of these 
limited published data, we can only provide a weak recommendation to implement 
an early oral feeding protocol in appropriate esophagectomy patients in whom aspi-
ration risk is deemed to be low.

In conclusion, evidence supporting an optimal route for nutritional support in 
post-esophagectomy patients is moderate. The evidence supporting early oral feed-
ing after esophagectomy is weak. Further research investigating the safety and 
effectiveness of early postoperative oral feeding will require multidisciplinary input 
to provide optimal care for patients undergoing esophagectomy.

 A Personal View of the Data

One of the primary goals in esophageal resection is not only to treat the primary 
disease, malignant or benign, but also to restore comfortable swallowing. 
Historically, anastomotic complications have been associated with considerable 
morbidity, such as stricture or need for reintervention, and mortality. With advances 
in perioperative care the risk of death from complications of esophagectomy, includ-
ing anastomotic leak, has decreased considerably [31] but pulmonary complications 
remain the most common of complications following this operation. Although the 
risks of anastomotic leakage do not appear to be increased with early oral feeding, 
efforts to address this complication often include the delayed resumption of oral 
feeding, and this practice remains standard for many groups. While the evidence to 
resume early oral feeding is weak, the studies to date encompass both Asian and 
Western populations and diets. These studies have demonstrated that this practice 
may be safe but it remains vitally important to consider individual patient character-
istics, to include an assessment of aspiration risk, and to continue to minimize pul-
monary complications for this potentially morbid operation.
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 Introduction

Esophageal perforation is a relatively uncommon phenomenon, but one that is asso-
ciated with very high morbidity and mortality (10–40%), especially when systemic 
sequelae of the injury have already manifested as a result of delayed diagnosis [1]. 
Several studies have concluded that delayed diagnosis, defined as greater than 24 h 
from the time of injury, is associated with worse outcomes [2]. Surgical intervention 
has traditionally included resection or primary repair of esophageal perforations, 
depending on surgeon experience and patient presentation. Approximately 30% of 
patients continue to leak after primary repair, with 40% of patients requiring addi-
tional procedures [3]. In recent years, stenting has been introduced to mitigate this 
problem and the technique has transitioned to first line therapy in the hands of some 
physicians [3, 4]. With the understanding that optimal treatment of esophageal per-
foration is dependent upon a multitude of factors, we compared primary repair and 
esophageal stenting with respect to success, complications, length of stay, and rate 
of operative re-intervention.

 Search Strategy

We searched the PubMed database using the following key terms: “esophageal per-
foration”, “esophageal repair”, and “esophageal stent”. We reviewed manuscripts 
published 2004–2019, with an emphasis on those published since 2014. We excluded 
those articles that discussed leak after esophageal anastomosis. Table 36.1 defines 
the PICO terms employed for the formulation of our central question.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_36&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_36#ESM
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 Results

Perforations can occur anywhere along the length of the esophagus, with approxi-
mately 24% in the cervical esophagus, 66% in the thoracic esophagus, and 10% in 
the abdominal esophagus. The most common presenting symptoms regardless of 
etiology are dysphagia and/or pain (67–95.8%), followed by fever (44%), dyspnea 
(26–40.8%), and emphysema/crepitus (25–48.3%) [5–7]. Regardless of etiology or 
location of injury, time to diagnosis and treatment remains paramount with an 
emphasis on the first 24 h [2, 4, 8–10]. For the purpose of our discussion, we will 
focus on the comparison between the most commonly employed operative tech-
nique of debridement and primary tissue repair and endoluminal stenting.

Abbas et al. developed a Perforation Severity Score (PSS) with the aim of utiliz-
ing clinical variables as indicators of injury severity and patient outcome. When 
correlating clinical variables such as age, tachycardia, leukocytosis, fever, presence 
of pleural effusion/uncontained leak, respiratory distress, and hypotension, they 
were able to demonstrate an association between increased score and worse rates of 
morbidity and mortality as well as increased length of stay [11]. The PSS has sub-
sequently been studied with mixed results, as there currently exists a relative pau-
city of work examining its validity. Wigley et al. studied the validity of the score 
using a cohort of 87 cases from the United Kingdom and noted that, while the PSS 
wasn’t found to be significantly predictive of post-perforation complications in their 
overall population of patients, subgroup analysis did note it to be significantly pre-
dictive for those patients with Boerhaave’s disease [12]. Conversely, a multi-national 
study further examined the PSS in a cohort of 288 patients and found that regardless 
of etiology, the scoring system was associated with the severity and potential conse-
quences of esophageal injury [13].

Freeman et al. published a propensity matched cohort analysis of patients with 
esophageal perforation who underwent either endoluminal stenting or primary 
operative repair and noted many significant differences between the two popula-
tions. Those patients who underwent stenting had significantly shorter ICU stay (2 
days vs. 4 days, p = 0.001), total length of stay (6 days vs. 11 days, p = 0.0007), and 
overall morbidity (17% vs. 43%, p = 0.02), while demonstrating a trend towards 
decreased rates of dysphagia (7% vs. 27%) and readmission (7% vs. 17%) in the 
stent group. Additionally, there were significant differences in total inpatient costs 
($59,000 vs. $87,000, p  <  0.0001), total outpatient costs ($32,000 vs. $55,000, 
p < 0.0001), and total overall costs ($91,000 vs. $142,000, p < 0.0001), all favoring 
stenting [14].

Table 36.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients with iatrogenic or 
spontaneous esophageal 
perforation

Stenting Primary repair Success
Complications
Length of stay
Re-intervention
Quality of life

B. P. Fleischer and M. K. Ferguson
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A meta-analysis performed by Biancari et  al. included 75 published studies 
related to the care of patients with esophageal perforation and noted a pooled mor-
tality of 9.5% for those patients who underwent primary repair, while those who 
underwent endoscopic stent placement had a pooled mortality of 7.3%. The authors 
caution that, while the endoscopic stent group demonstrated improved mortality 
rates, this could be due to patient selection bias and varying surgeon experience. 
Further, in concert with findings from several other studies, they noted that treat-
ment initiated within 24 h of injury resulted in a significantly lower mortality rate 
(7.4% vs. 20.3%, risk ratio 2.28) [15].

Analysis of relevant current studies elucidates some interesting trends as seen in 
Tables 36.2 [3, 6, 9, 14, 16–21] and 36.3 [2, 6, 14, 21–24]. Endoluminal stenting 
appears to have a higher pooled success rate (88.44%) than primary repair (76.83%) 
and is associated with a lower incidence of operative reintervention (9.3% vs. 
16.9%). These results are roughly in line with other reviews, which note a success 
rate of 92–100% for stenting [4]. Length of stay was variably reported, but also had 
a smaller pooled mean than primary repair (14 days vs. 17.9 days) while mortality 
was slightly higher in the stent group (7.1% vs. 6.0%). The most commonly encoun-
tered and discussed complication of endoluminal stenting ̶ stent migration ̶ was 
noted to occur 18.6% of the time, roughly on par with other reviews which note 
rates of 6–35%, and often required repositioning of the current stent or placement 
of a second stent [3, 4, 9, 16, 17]. Fully covered stents are typically associated with 
higher migration rates; partially covered stents promote tissue in-growth but are 
more difficult to remove. Development of strictures or dysphagia was inadequately 
reported, but tended to be lower in those patients undergoing stenting (0–7% vs. 
20–27%).

 Conclusions and Recommendations

Although various groups have proposed treatment algorithms, there currently exists 
a paucity of reliable, reproducible data that informs a superior intervention strategy. 
Most studies examining stenting and primary repair focus on intra-thoracic perfora-
tions; cervical stents are not well tolerated and abdominal perforations have an 
unacceptably high rate of stent migration. Unsurprisingly, prolonged time to treat-
ment was often found to negatively impact mortality rates irrespective of treatment 
modality employed [2, 4, 8–10, 18, 20, 22]. Current evidence supports the use of 
esophageal stents for the treatment of esophageal perforation in patients who are 
hemodynamically stable, but high-quality RCTs are lacking, leaving treatment deci-
sions to be informed by retrospective data, case series, and expert opinion.

Recommendation
• Esophageal stenting is recommended for first line treatment of esophageal 

perforation in hemodynamically stable patients (evidence quality low, 
weak recommendation).

36 Stent vs. Primary Repair for Esophageal Perforation
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 A Personal View of the Data

While there are several case series and cohort studies that compare and discuss the 
merits of stenting vs. primary repair for esophageal perforations, there is still great 
need for a well-designed, prospective randomized controlled trial. There is current 
evidence to support the use of endoluminal stenting over primary tissue repair for 
non-septic, hemodynamically stable patients with thoracic esophageal perforations. 
In our experience, for those patients with cervical and abdominal disruptions we 
pursue wide local drainage and primary tissue repair while our goal for those with 
thoracic perforations is to manage the injury primarily with stenting. Additionally, 
we have found that thoracic esophageal perforations that are necessarily initially 
managed in an operative fashion often benefit from a combined approach with stent-
ing as an adjunct to the surgical repair.
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 Introduction

Despite advancements in surgical techniques and instrumentation, intrathoracic 
anastomotic leak after esophagectomy is unfortunately not an uncommon occur-
rence. A recent review of The Society of Thoracic Surgeons general thoracic sur-
gery database reported a leak rate of 12.9% [1]. This is most likely an underestimate 
based on a systematic review of the literature with rates reported as high as 25% [2]. 
Anastomotic leak is also a significant source of morbidity for these patients, with 
associated rates as high as 30–60% compared to less than 10% in those without a 
leak [3, 4].

The treatment of an intrathoracic anastomotic leak remains controversial as the 
indications for surgical, non-operative and endoscopic therapy lack standardization 
even at individual facilities [3]. Historically, for those with a significant anastomotic 
leak after esophagectomy, re-operative surgical intervention was the standard of 
care. These procedures could be extremely difficult as evidenced by the relatively 
high rates of associated morbidity. If primary repair was not possible or failed, 
diversion was the only remaining alternative.

With technological improvements in the late 1990s, esophageal stents have 
gained favor, becoming the mainstay in the non-surgical management of post- 
esophagectomy anastomotic leaks in many institutions. Stents have produced high 
rates of success with minimal associated rates of complications when removed 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_37&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_37#ESM
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promptly [5]. An added benefit is the relatively low rate of post repair stenosis when 
compared to either operative repair or non-operative healing by secondary intention.

More recently, endoluminal vacuum therapy (E-Vac) has been described in the 
literature as a novel treatment for upper gastrointestinal leaks and perforations [6]. 
Initially reported in several European series, the technique of E-Vac has produced 
significant rates of healing of anastomotic leaks following esophagogastrostomy 
with minimal complications. However, this technique is labor intensive, requiring 
multiple endoscopies for dressing changes. [7, 8].

Non-surgical endoscopic therapy using each of these techniques has each been 
demonstrated in multiple reviews to be safe and effective in the treatment of such 
patients [9–11]. Despite this, there have only been a few studies designed to deter-
mine a definitive standardized practice in the role these therapies play. The objective 
of this review is to not only compare the efficacy, safety, and costs of these tech-
niques, but attempt to make recommendations as to when surgery, esophageal stent-
ing, or E-Vac should be utilized in the care of these complex patients.

 Search Strategy

A PubMed search was conducted using the keywords esophageal leak; anastomotic 
leak; esophagectomy; treatment; management; endoscopic/endoluminal vacuum 
therapy; endoscopy; vacuum; stent; self-expanding esophageal stent (Table 37.1). 
Searches were conducted for the period 2009–2019. Prospective and retrospective 
studies were included in this review. Individual papers were also searched for appro-
priate cross reference material to include. All studies included in this analysis were 
selected at the discretion of the authors based on the following criteria; the search 
was limited to studies published within the past 10 years and articles written in 
English were selected for review. Studies that did not report data specific for the 
treatment of anastomotic leak after esophagectomy were excluded. Costs of care 
were derived from Medicare allowable charges. This allows a standardization of a 
cost representation to be made across multiple sites of care for comparison. A 
blended model of daily cost was used for all patients since environments of care 
encompassed intensive care, progressive care, and standard care units as well as 
migration between all three. Cost of care represents facility charges. Professional 
fees, where applicable, were excluded.

Table 37.1 PICO formatted terms for literature search

Patients of interest Intervention Comparator Outcomes of interest
Anastomotic leak after 
esophagectomy

Endoluminal vacuum 
assisted therapy (E-Vac)

Esophageal 
stents

Overall success, 
treatment duration, 
LOS, costs

K. Wyant and R. K. Freeman
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 Results

 Evidence Quality

In total, 34 studies which met the inclusion criteria were identified and their data is 
included in our analysis. This data encompasses, to the best of our knowledge, all 
reported cases of anastomotic leak after esophagectomy treated with either esophageal 
stent or E-Vac therapy in the past 10 years. No randomized clinical trials were identified.

The data discussed in this analysis is derived from multiple sources of varying 
quality as typically seen in retrospective studies with small numbers. While our 
analysis is based on the crude data available to us in reviewing these studies, we are 
unable to account for the inherent inconsistencies, bias, and confounders present 
across each individual study. Therefore, the overall quality of evidence and strength 
of our recommendations based on this data is interpreted as low as guided by the 
GRADE framework put forth by the GRADE Working Group [12].

 Findings

This meta-analysis of 34 studies found the total number of patients in the E-Vac and 
stent groups to be 218 and 477, respectively. The overall clinical success of the 
E-Vac treatment group was 91%, while the overall clinical success for the esopha-
geal stent treatment group was 75.5% (Tables 37.2, 37.3, and 37.4). This difference 
was statistically significant (p < 0.0001). Operative mortality in the E-Vac group 
was 10.8% versus the stent group at 15.8%, without a statistically significant differ-
ence (p = 0.64). Due to limitations in the study design and inconsistencies in report-
ing, overall complication rates for the two groups were not able to be calculated.

Table 37.2 Outcomes of stent and E-Vac therapy for anastomotic leak after esophagectomy

Stent E-Vac P value
Patients 477 218
Number of interventions (mean) 1.6 ± 0.6 6.1 ± 2 <0.0001
Treatment duration (mean days) 36.8 ± 15.3 20.1 ± 6.2 <0.0001
Total length of stay (mean days) 44 ± 19.5 50 ± 16.8 0.0002
Overall mortality 15.8% 10.8% .64
Successful resolution 75.5% 91% <0.0001
Costs
Interventions (mean) $6322 ± 2216 $25188 ± 7433 <0.0001
Treatment duration (mean) $78874 ± 32722 $43083 ± 13173 <0.0001
Total length of stay (mean) $93630 ± 41791 $107345 ± 35899 <0.0001
Total length of stay + interventions $97944 ± 41829 $163882 ± 50568 <0.0001

37 Endoluminal Vacuum Therapy vs. Stenting for Esophageal Anastomotic Leaks
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Treatment duration in mean days is defined as the amount of time each treatment 
strategy was employed until clinical success or failure was determined. For the 
E-Vac group, this time was significantly shorter than the stent group of patients at 
20.1 ± 6.2 days vs. 36.8 ± 15.3 days, respectively (p < 0.0001). However, in contrast 
to treatment duration, the total length of stay (LOS) for the stent group was 44 ± 19.5 
days which was significantly less than the E-Vac group at 50 ± 16.8 days (p = .0002). 
In addition, the stent group underwent significantly fewer endoscopic interventions 
than the E-Vac group at 1.6 ± 0.6 vs. 6.1 ± 2 (p < 0.0001).

Also extrapolated from this data are associated costs related to both groups. The 
stent group had significantly less associated total costs ($97944 ± 41829) than the 
E-Vac group ($163882  ±  50568) (p  <  0.0001). These differences are primarily 
related to the differences in the number of procedures (predominantly endoscopies) 
required by the E-Vac cohort. This difference in cost is actually reduced by the lon-
ger length of stay in the stent cohort, a finding which is not intuitive and may be the 
result of other confounding factors not identifiable in this review.

The principle complication of esophageal stenting remains stent migration. In 
this review, stent migration was reported in 12 studies and a subgroup analysis of 
these reports found a migration rate of 23% (Table 37.4). This rate remains consis-
tent with previous reports in the literature [9, 10] and the authors’ experience. While 
stent migration is reported as a complication, it does not correlate with an increased 
number of interventions or treatment failure. Additional but less frequent complica-
tions included stricture, hemorrhage, aspiration pneumonia, reflux, and pain.

E-Vac therapy may be associated with fewer clinically important complications. 
Among these, sponge dislocation, hemorrhage, and pain appear to occur less fre-
quently in patients treated with E-vac therapy. Future studies should carefully report 
complication rates and their management as this appears to be lacking in the current 
literature.

 Conclusions and Recommendations

Initial operative exploration should be reserved for patients with anastomotic or 
conduit disruption, conduit necrosis, or in centers without the ability to perform 
esophageal stenting or E-Vac therapy. If operative exploration is performed, pri-
mary repair with muscle buttressing is preferred. Diversion should be avoided if at 
all possible.

Based on the current literature, superiority in the management of esophageal 
anastomotic leaks cannot be confirmed for either E-Vac or stents. Stent placement 
has a high rate of success with the major detractor of its use being the potential for 
migration. It is reasonable to consider stent placement as first line therapy for intra-
thoracic anastomotic leaks after esophagogastrostomy in patients who did not 
require prolonged mechanical ventilation and/or tracheostomy, who would poten-
tially be able to tolerate oral intake if not for their leak, and who could otherwise be 
managed in the outpatient setting at some point during their treatment.

37 Endoluminal Vacuum Therapy vs. Stenting for Esophageal Anastomotic Leaks  
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In centers with experience in the use of E-Vac therapy, early outcomes suggest 
this treatment strategy for anastomotic leaks has a high rate of success with few 
complications. Its definitive role in managing these patients is awaits future clinical 
studies and development of a standardized treatment algorithm. At present, E-Vac 
therapy is an appropriate initial therapy in the management of patients who require 
prolonged mechanical ventilation and/or tracheostomy. It could also be considered 
for intrathoracic esophagogastrostomy anastomotic leaks that have failed stent 
placement or are too proximal for stent placement, and for recalcitrant smaller leaks 
after re-operative repair prior to considering esophageal diversion.

 A Personal View of the Data

Treatment of anastomotic leaks after esophagectomy remains a challenging prob-
lem for thoracic surgeons and a source of significant morbidity and mortality for 
patients. Over the past two decades, surgical re-exploration with primary repair or 
diversion has diminished in frequency as initial therapy for these patients except in 
specific circumstances. Improvement in stent technology and the development of 
E-Vac has allowed for less invasive first line therapies for intrathoracic anastomotic 
leak following esophagogastrostomy.

The difficulty in choosing either of these treatment strategies is a lack of stan-
dardization in the literature. Ideally, randomized controlled trials comparing these 
two modes of therapy in similar patients would allow treatment algorithms to be 
developed based on identified best practices for each technique. Unfortunately, this 
is unlikely to occur in the foreseeable future because of the relatively low number of 
patients who are candidates for such an investigation and the current classification 
of these techniques as “off label”.

At present, the best that can be done is to recognize the knowledge gaps that 
exist, identify the advantages and disadvantages of each treatment modality, and 
make reasonable recommendations for consideration by the thoracic surgery com-
munity to consider and evaluate. The success rate of E-Vac deserves to be recog-
nized and included in the treatment algorithm of intrathoracic anastomotic leak 
following esophagogastrostomy. Stent placement similarly has found utility in the 
management of these patients over the last decade with continued refinement of 
indications, contraindications and stent dwell times by our group and others. 
Operative exploration and repair or diversion remains the ultimate intervention for 
patients who require it.

Recommendation
• Esophageal stent placement or E-Vac are recommended as first line ther-

apy for the management of an intrathoracic anastomotic leak after esopha-
gectomy in patients who do not require surgical intervention as initial 
therapy (quality of evidence low; strength of recommendation weak).

K. Wyant and R. K. Freeman
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The choice between E-Vac and stent use will likely be individualized at this point 
as previously discussed. One factor in the decision will likely be the clinician’s level 
of experience with each technique. Other factors to consider should be the preferred 
use of stents in patients who could otherwise tolerate oral nutrition, be treated in the 
outpatient setting, or who have a persistent leak after an initial operative repair. 
E-Vac therapy should be considered when stenting is not feasible because of the 
location of the leak, recurrent stent migrations, patients expected to remain mechan-
ically ventilated for an extended period of time, and patients in whom stent therapy 
has not resulted in healing.

My personal approach to patients with an intrathoracic anastomotic leak depends 
on the size of the leak, the overall condition of the patient, and any associated find-
ings. In general, my initial response to a very small leak would be to continue pleu-
ral drainage, enteral nutrition, and npo status with a repeat esophagram in 7 days. 
This treatment would occur in the outpatient setting, if possible. For large anasto-
motic leaks in a patient otherwise progressing, I would place an esophageal stent for 
10–14 days. If an esophagram demonstrated resolution of the leak after stent place-
ment, I would allow a soft mechanical diet until the stent was removed. For patients 
who have other findings requiring re-exploration, such as a leak from the gastric 
conduit, I would perform a primary repair of the anastomosis. Any leak after such a 
primary repair could be treated with temporary stent placement.

My personal experience with E-Vac therapy has been in patients who continue to 
require mechanical ventilation and have no indications for reoperative surgery but 
have a medium sized anastomotic leak. Patients in this stage of recovery are able to 
undergo repeated endoscopies for E-vac adjustment as needed in the ICU. They are 
also not inconvenienced with the vacuum line traversing the naso/oropharynx.
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Therapy for Small Sub-epithelial 
Esophageal Tumors
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 Introduction

Sub-epithelial tumors (SETs) are lesions that form beneath the mucosal layer of the 
GI tract resulting in a mucosa-covered protrusion. SETs are rare in the esophagus, 
accounting for less than 1% of esophageal tumors [1]. Esophageal SETs can involve 
or arise from the muscularis mucosa, submucosa, or muscularis propria (MP), and 
although the lesions have a broad differential diagnosis, leiomyomas account for 
70–80%, followed less frequently by gastrointestinal stromal tumors (GISTs), hem-
angiomas, granular cell tumors, and schwannomas [2–4]. These lesions are typi-
cally incidentally found during endoscopy or on radiologic studies, as they are 
usually small (<2 cm) and asymptomatic. Although typically benign, some SETs 
can be symptomatic with bleeding or obstruction, and some have the potential to 
become malignant with metastatic dissemination [5].

Endoscopic mucosal resection (EMR) and endoscopic submucosal dissection 
(ESD) have become well-established procedures that can remove small deep muco-
sal or superficial submucosal lesions without disrupting the integrity of the MP. In 
patients in whom small esophageal SETs involve only the deep mucosa or submu-
cosa, EMR and ESD are safe and highly effective, and currently are the standard of 
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care [6]. However, when pre-malignant or malignant lesions either arise from or 
involve the MP, these standard techniques are unable to be used due to the risk of 
perforation or incomplete resection. In these cases, surgical removal of SETs can 
achieve clinical cure, and is therefore broadly accepted as the first option in patients 
who exhibit larger tumor sizes (>3–4 cm) and/or symptoms that might require a 
pathological diagnosis to rule out the possibility of malignancy.

The management of small, asymptomatic esophageal SETs involving the MP 
remains an area of debate. Some experts advocate resection of all tumors regardless 
of size while others have recommended surveillance due in part to the low rate of 
malignant conversion, morbidity with invasive organ resection surgery, and loca-
tions in which laparoscopic resection is difficult (e.g. middle and upper third of the 
esophagus). However, with recent advances in surgical and endoscopic technolo-
gies, the management of smaller SETs is evolving.

Thoracoscopic approaches have undergone significant improvements since first 
being reported in 1992 [7] and have transitioned the field from open thoracotomy to 
video-assisted thoracoscopic surgery (VATS) including robot assisted VATS [8–11]. 
At the same time, evolution in endoscopic tools for resection and the increasing 
availability of endoscopic devices that can provide a durable, full-thickness closure 
have led to novel endoscopic methods including endoscopic full thickness resection 
(EFTR) and sub-mucosal tunneling endoscopic resection (STER). This chapter 
reviews the different minimally invasive surgical and endoscopic resection tech-
niques for small esophageal SETs involving the MP.

 Search Strategy

A systematic literature search was performed in English databases including 
PubMed, Embase, Web of Science, and the Cochrane Library. Relevant published 
articles were identified from 1986 to 2020. The medical terms “full-thickness endo-
scopic resection esophagus,” “submucosal tunneling endoscopic resection esopha-
gus,” “STER esophagus,” “submucosal tunnel esophagus,” “gastrointestinal tumor 
esophagus resection,” “leiomyoma,” “Robotic enucleation esophagus,” “VATS 
esophagus enucleation”, “video-assisted thoracoscopic surgery esophagus enucle-
ation,” and “minimally invasive esophagus enucleation” were used in the search. 
References of relevant articles were also scanned for potential missed studies. A 
total of 280 articles were identified and 36 were selected for inclusion. Studies were 
chosen based upon relevance to the procedures and population of the topic 
(Table 38.1).

Table 38.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes of interest)
Patients with small 
subepithelial 
esophageal tumors

Endoscopic 
enucleation

Minimally invasive 
surgical enucleation

Recurrence, 
complications, need for 
reintervention, costs

J. Dowd et al.
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 Minimally Invasive Approaches for Esophageal SETs

 Minimally Invasive Surgical Enucleation

Depending on the location, SETs in the esophagus can provide a therapeutic surgi-
cal dilemma. The surgeon often must decide between esophageal resection or surgi-
cal tumor enucleation. Open thoracotomy has been largely replaced by minimally 
invasive methods for enucleation. For smaller esophageal SETs, VATS or laparo-
scopic enucleation has proven to be safe, decreasing the morbidity associated with 
open thoracotomy or laparotomy, and reducing the hospital length of stay for 
patients [12, 13].

The short and long-term post-operative outcomes after VATS for benign esopha-
geal SETs remains limited to several small case series in the literature [14–17]. 
These studies confirm that VATS enucleation is a technically feasible and safe 
option that reduces surgical trauma relative to open thoracotomy without sacrificing 
functional results [16]. In regards to long-term outcomes, it is important to deter-
mine the clinical success by recurrence rates, symptomatic improvement, and com-
plications. High risk GISTs have been reported to recur after esophagectomy [18], 
although a recently published literature review notes no reported recurrence after 
VATS enucleation with low to intermediate risk esophageal GISTs [19]. Only one 
study of VATS enucleation of benign SETs has demonstrated tumor recurrence in a 
series of studies with follow-up ranging between 3 months and 10 years [12, 15, 16, 
20–22]. In the one study with recurrence, SETs had a 100% en bloc resection rate 
with thoracoscopic enucleation, and recurrence in 1.9% of the patients (1/52) with 
an average of 42 months of surveillance [22]. Although patients are typically asymp-
tomatic with small esophageal SETs, in case series of symptomatic patients, VATS 
enucleation provides durable symptom resolution in 89–95% of patients at 5 years 
[15, 16, 20]. A surgical concern with VATS enucleation is post-operative dysphagia 
secondary to the formation of a pseudodiverticulum from inadequate myotomy clo-
sure, however long-term follow up of modern VATS enucleation techniques has not 
demonstrated an increased rate of pseudodiverticulum formation [4].

 Robotic Assisted Thoracoscopic Surgery for Resection/
Enucleation

The use of robotic surgical platforms has increasingly been reported as a method for 
minimally invasive resection. However, the current published literature for robotic 
enucleation of the esophagus remains limited to anecdotal case reports of robotic 
assisted esophageal enucleation of SETs [8]. In two case reports, robotic enucle-
ation was performed in patients with 2  cm esophageal leiomyomas without evi-
dence of mucosal injury or complications [23, 24]. Additional studies will be needed 
to determine if robotic-assisted thoracoscopic approaches are superior to established 
VATS or novel endoscopic approaches as there are currently no comparative studies.
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 Endoscopic Approaches for Esophageal SETs

With the advent of reliable endoscopic closure devices, endoscopic full thickness 
resection (EFTR) has emerged as a novel, less invasive therapeutic option for com-
plete removal of small SETs [6]. The rationale for endoscopic resection includes: 
(1) SETs rarely exhibit malignant potential when small, (2) tumors are frequently 
diagnosed in locations not amenable surgical enucleation, (3) organ resection (i.e. 
esophagectomy) is too extensive with higher risk of morbidity and (4) endoscopic 
removal of SETs using EFTR techniques has been demonstrated to be safe and per-
formed relatively quickly [25].

EFTR techniques include methods that are “exposed” and “non-exposed” [6]. In 
exposed EFTR procedures, there is temporary exposure of the thoracic cavity to the 
esophageal lumen. The exposed EFTR techniques can further be sub-divided into 
tunneled (i.e. STER) and non-tunneled methods. In non-exposed EFTR, the area of 
the gastrointestinal tract that contacts the lesion is invaginated toward the lumen to 
allow secure serosa-to-serosa apposition and lesion isolation prior to resection.

 Non-exposed EFTR of Esophageal SETs

In 2011, endoscopic submucosal resection with a ligation device (ESMR-L) was 
demonstrated by Lee et al. to be an effective method for resection of esophageal 
SETs with a 100% en bloc resection rate, and rapid mean procedure time of 5 min 
and 26 s [26]. However, the ligation device was limited to tumors less than 1 cm 
(range 3–13 mm) and the SETs resected in this case series were localized to the 
muscularis mucosa or submucosa.

 Non-tunneled, Exposed EFTR of Esophageal SETs

ESD is has not been extensively studied in the treatment of esophageal SETs in the 
muscularis propria [27]. Modified ESD approaches have been developed for SETs 
involving the MP such as endoscopic enucleation and endoscopic excavation. 
Endoscopic muscularis dissection was first reported by Liu et al. in which a modi-
fied ESD was performed in 31 patients (14 = esophageal tumor, 17 = gastric tumor) 
[28]. Modified ESD has been shown in case series to be effective even in patients 
with tumors in the muscularis propria with an en bloc resection rate of ~95%, how-
ever there appears to be a significant risk of perforation with this technique, ranging 
between 8.9% and 12.9% [28, 29]. Despite the promising success rate of ESD and 
reported ability to treat tumors in the muscularis propria, the relatively high perfora-
tion rate, difficulty closing circumferential, non-linear defects, and requirement for 
full thickness closure has limited its use in esophageal SETs.

J. Dowd et al.
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 STER of Esophageal SETs

Submucosal tunnel endoscopic resection (STER) was developed in order to improve 
clinical outcomes of endoscopic SET resection with decreased risk of peritonitis 
and mediastinitis. As a result, STER is almost always the preferred endoscopic tech-
nique in esophageal SET resection. Inoue et al. first reported the technique for per-
oral endoscopic submucosal tumor resection of esophageal or gastric cardia SETs 
≤4 cm in size [30]. In the STER technique a lifting solution is injected into the 
submucosal layer, creating a submucosal tunnel approximately 1–2 to 5 cm above 
the tumor [25]. The endoscope is advanced through a mucosal flap into a tunnel and 
the tumor is dissected from the muscular layer. The tunnel entry site is closed with 
hemostatic clips or endoscopic suturing at the completion of the resection.

In 2017, a systematic review and meta-analysis included 28 studies of STER for 
upper-GI SETs, mostly leiomyomas and GISTs [31]. Twenty retrospective and 8 
prospective series comprising 1041 patients and 1085 lesions were included, of 
which 807 of the lesions were located in the esophagus or esophagogastric junction. 
The pooled complete resection and en-bloc resection rates were 97.5% (95% CI, 
96.0–98.5%), and 94.6% (95% CI, 91.5–96.7%), respectively. The pooled preva-
lence of perforation was 5.6% (95% CI, 3.7–8.2%), and subcutaneous emphysema 
and/or pneumomediastinum was reported in 14.8% (95% CI, 10.5–20.5%).

In the largest reported experience to date, STER for upper esophageal and cardia 
SETs involving the MP was performed in 290 consecutive patients [32]. In this 
series, the median tumor size was 21 mm (range 10–70 mm), and the median sizes 
of leiomyomas and GISTs were 25.0  mm (range 10 – 70  mm) and 16.0  mm (range 
10 – 45   mm), respectively. Thirteen SETs were located in the upper esophagus 
(4.5%), 96 in the middle esophagus (33.1%), 90 in the lower esophagus (31.0%), 
68  in the esophagogastric junction (23.5%), and 23  in stomach (7.9%). Lesions 
were identified as 226 leiomyomas (77.9%), 53 GISTs (18.3%), 5 schwannomas 
(1.7%), 3 calcifying fibrous tumors (1.0%), and 3 glomus tumors (1.0%). STER 
achieved an en bloc resection rate of 89.3% (259/290) for the upper GI SETs with a 
median procedure time of 43 min (range 15 – 200 min). There was an overall com-
plication rate of 23.4% (68/290). Complications included subcutaneous emphysema 
(21.0%), pneumothorax (7.6%), pneumoperitoneum (5.2%), thoracic effusions 
(16.9%), mucosal injury (1.0%), and major bleeding (1.7%).

In another large series of only esophageal SETs, STER was performed in 119 
lesions from 115 patients [33]. The SETs were primarily located in the mid and 
lower third of the esophagus and averaged 19.4 ± 10.0 mm. The mean operation 
duration was 46.7  ±  25.6  min, and the mean duration of hospitalization was 
5.9 ± 2.8 days. The total en bloc resection rate and the complete resection rate were 
97.5% and 100%, respectively. There were 9 (7.8%) cases of perforation, 2 (1.7%) 
cases of pneumothorax, and 9 (7.8%) cases of subcutaneous emphysema.
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 Limitations with Endoscopic EFTR Techniques

EFTR techniques for esophageal SETs still have limitations which require further 
larger prospective studies and comparison with surgery to evaluate their safety and 
efficacy. The challenges and limitations for EFTR include technical as well as train-
ing issues [6]. From a technical standpoint, leakage of carbon dioxide insufflation in 
exposed EFTR can make visualization difficult or, if not addressed, can lead to ten-
sion pneumomediastinum or peritoneum. Similarly, leakage of gastrointestinal 
lumen contents can result in mediastinitis or peritonitis. In STER there is a limita-
tion to the size of the SET that can be removed through the tunnel (typically <4 cm). 
Additionally, it is challenging to maintain tumor capsule integrity when performing 
dissection within the narrow confines of a submucosal tunnel. Finally, in all current 
techniques of EFTR, lymph node resection is unable to be performed and thus is 
inadequate for tumors with suspected lymph node involvement.

 Comparison of SET Resection Using Thoracoscopic Surgery 
vs. Endoscopy

Only a few studies have directly compared thoracoscopic vs. endoscopic techniques 
in the management of SETs [22, 34–37]. The majority of studies are retrospective 
in nature comparing STER and thoracoscopic enucleation and are summarized in 
Table 38.2. The comparison between STER and VATS enucleation demonstrates 
comparable treatment efficacy for en-bloc resection and complication rates, how-
ever STER demonstrates advantages over VATS enucleation with decreased opera-
tive time, lower decrease in hemoglobin levels, and decreased cost.

In a 2018, Chai et al. reported the first prospective, randomized trial of 66 patients 
with small esophageal SETs comparing VATS enucleation to STER [36]. Complete 
resection was achieved in 100% of the patients who underwent VATS compared to 
the STER rate of 83.3% (p = NS). No residual tumor or recurrence was observed in 
any of the patients during follow up for both STER and VATS enucleation groups.

In regards to operation times, cost, and number of operators needed, VATS enu-
cleation produced inferior outcomes with a median operation time of 106.5 min, a 
median cost of 6137.32 USD, and a median of 5 operators required, compared to 
STER outcomes with medians of 44.5 min, 4499.46 USD, and 2 operators required 
[1]. The significant difference in this data shows that in terms of cost, time, and 
personnel effectiveness, STER may be superior to VATS. However, no significant 
difference in time of hospital stay was found between STER and VATS with both 
having a median of 7 days hospital time.

Safety outcomes from the study by Chai et al. further report significant differ-
ences in postoperative pain scores and hemoglobin loss [36]. Patients who under-
went VATS showed a median pain score of 4 compared to a median score of 2 for 
STER patients. Similarly, postoperative hemoglobin level decrease and wound effu-
sion was more prevalent in VATS patients, although no patients either group required 
a blood transfusion.
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 Conclusions and Recommendations

Endoscopic procedures have seen increased use and popularity as a treatment option 
for small esophageal SETs due to increased safety, shorter procedure duration, and 
lower cost with fewer operational personnel compared to thoracoscopic surgery. 
STER in particular has advantages over other EFTR techniques in the esophagus as 
the tubular shape is more amenable to tunneling and the linear mucosal incision is 
technically easier to close. However, thoracoscopic approaches offer significant 
advantages compared to endoscopy including the ability to remove larger SETs and 
perform a simultaneous lymph node dissection. Although minimally invasive thora-
coscopic and endoscopic techniques appear to be safe and feasible, there remains a 
lack of larger multi-center, randomized studies detailing the risks and benefits of 
either endoscopic procedures or thoracoscopic procedures.

There is also limited data for long-term clinical success and recurrence rates of 
esophageal SETs after VATS or EFTR. While studies assessing follow up and recur-
rence rates after VATS and EFTR/STER with respect to final pathologic assessment 
of malignant potential would be ideal, the low risk and slow growth of most lesions, 
lack of compliance with long-term follow-up, and likelihood of ‘early recurrence’ 
being incompletely resected of macroscopic tissue as opposed to microscopic resid-
ual disease, will make proving long term success in these procedures challenging.

In summary, after diagnosis and determination that an esophageal SET lesion 
requires resection, endoscopic and thoracoscopic approaches both offer safe and 
effective methods for resection. Esophageal SET lesions >4 cm are challenging for 
any endoscopic approach and a thoracoscopic method is recommended. However, 
for low risk esophageal SET lesions <2 cm, endoscopic techniques, and particularly 
STER, appears to be emerging as the optimal method of resection.

 A Personal View of the Data

Patients with esophageal SETs are frequently referred to our advanced endoscopy 
practice for diagnostic endoscopic ultrasound and consideration of therapeutic 
endoscopic resection. Similar to the published literature, the vast majority of these 
patients are asymptomatic and the lesions are identified incidentally on upper 
endoscopy. In my practice, for an esophageal SET referral, evaluation begins with 
endoscopic ultrasound with fine-needle biopsy to diagnose the lesion, assess the 

Recommendation
• We recommend endoscopic enucleation using STER for small subepithe-

lial esophageal tumors (<2 cm) and minimally invasive surgical enucle-
ation for larger tumors (evidence quality moderate, weak 
recommendation).
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size/characteristics/layer of origin of the lesion, as well as identify pathologic 
lymphadenopathy. Appropriate diagnosis and lesion assessment (e.g. wall layer of 
origin) are vital to treatment planning, determining the risks/benefits of resection, 
and the appropriate resection technique.

The most frequently encountered esophageal SETs, leiomyomas, are believed to 
have a lower malignant potential, and thus my approach for small (<2 cm) asymp-
tomatic leiomyomas or undifferentiated lesions <1 cm in size is annual surveillance. 
For ≤2 cm SETs that are symptomatic, carry high risk endoscopic features (e.g. 
calcifications), or have increased malignant risk, such as GISTs [38], I recommend 
STER with en-bloc resection. For larger lesions or any pathologic lymphadenopa-
thy, I recommend minimally invasive surgical enucleation. The current data sup-
ports the feasibility, procedural outcomes, and safety of STER for ≤2  cm SETs 
however, there remains a lack of evidence for long-term post-resection surveillance 
and non-universal technical expertise that limits widespread adoption.
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39Laparoscopic vs. Endoscopic Therapy 
for Achalasia

Mikhail Attaar and Michael B. Ujiki

 Introduction

Achalasia is a motility disorder of the esophagus characterized by an absence of 
relaxation of the lower esophageal sphincter (LES) and disorganized or absent peri-
stalsis of the esophageal body, leading to symptoms such as dysphagia, regurgita-
tion, respiratory distress, heartburn, weight loss, and chest pain [1]. Therapy is 
palliative in nature with the goal to reduce the resting and swallow-induced pressure 
of the LES, which leads to improvement in dysphagia and other symptoms. Although 
there are a number of medical and procedural options available, myotomy has been 
shown to be the most efficacious in providing long-term relief of symptoms.

Laparoscopic Heller myotomy (LHM) is a time-tested treatment for esophageal 
achalasia that has been shown to be safe in large case series. The mortality 
approaches zero, it is highly efficacious in long-term symptom relief, and it results 
in a high degree of patient satisfaction [2–11]. Due to the high incidence of reflux 
after myotomy, partial fundoplication is recommended after Heller myotomy to 
reduce pathologic reflux [12].

Peroral endoscopic myotomy (POEM), in which the myotomy is performed 
endoscopically, was developed by Inoue and colleagues in 2008 and was first pub-
lished in 2010 [13]. POEM is an attractive option in the treatment of achalasia 
because it affords all of the benefits of natural orifice transluminal endoscopic sur-
gery (lack of incisions, less pain, minimal blood loss) while also offering a single 
stage option to palliate symptoms. Other benefits include easy extension of the 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_39&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_39#ESM
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myotomy, which is particularly useful in patients with type III achalasia and diffuse 
esophageal spasm (DES), less risk of injury to the vagus nerve, and, theoretically, a 
lowered risk of reflux as attachments of the esophagus such as the phrenoesopha-
geal membrane are not disrupted as they are with Heller myotomy [14]. Evidence 
from large-scale registries and case series have demonstrated that peroral endo-
scopic myotomy is safe, at least in the short-term, and leads to decreased symptoms 
and improved quality of life [15–21].

Since its introduction, this technique has gained widespread adoption at special-
ized centers worldwide because of its minimally invasive approach. Although it has 
been rapidly adopted, there is still a paucity of long-term follow-up data, and there 
have been no randomized clinical trials comparing POEM and Heller myotomy. 
Moreover, concerns have been raised regarding the rates of post-operative reflux 
after POEM due to the lack of any concurrent anti-reflux procedure. The purpose of 
this chapter is to review the published literature regarding safety, efficacy, periop-
erative outcomes, and risks of laparoscopic Heller myotomy compared with POEM.

 Search Strategy

A Pub-med search was performed of the literature published in the English lan-
guage between 01/01/2010 and 07/01/2019 using the following search terms, either 
alone or in combination in order to obtain the maximal number of articles: “peroral 
endoscopic myotomy”, “POEM”, “Heller myotomy”, “laparoscopic myotomy”, 
“laparoscopic myotomy and fundoplication”, “achalasia” (Table 39.1). The refer-
ence lists of the identified papers as well as topic reviews were checked for addi-
tional articles for inclusion.

 Results

There are a number of papers that directly compare LHM to POEM. The results of 
those studies, with particular attention to clinical response, adverse events, length of 
stay and rates of postoperative reflux, are summarized in Table  39.2 [22–31]. 
Additionally, there have been three meta-analyses comparing LHM and POEM, the 
results of which are summarized in Table 39.3 [32–34].

Table 39.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients with 
achalasia

Laparoscopic Heller 
myotomy

Peroral endoscopic 
myotomy (POEM)

Clinical response
Length of stay
Adverse events 
gastroesophageal reflux
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 Clinical Response

A primary metric by which POEM has been judged is the adequacy of clinical 
response when compared to Heller myotomy. Follow up for patients who underwent 
Heller myotomy is typically longer because POEM is a relatively newer procedure. 
In most studies, the Eckardt symptom score, which measures the frequency of the 
primary symptoms of achalasia (dysphagia, regurgitation, chest pain and weight 
loss; each on a scale of 0–3; total score range 0–12), is used. Authors use various 
cut-offs to define therapeutic response, usually a follow-up Eckardt score ≤ 3.

Early studies comparing POEM and Heller myotomy consist of retrospective 
reviews with small sample sizes and with short-term follow up that evaluated thera-
peutic success based on Eckardt scores. Most studies reported significant decreases 
in Eckardt scores pre- to postoperatively with no significant difference between 
LHM and POEM groups [22–28]. Kumbhari specifically studied patients with type 
III achalasia and found that a satisfactory clinical response at the time of last clinical 
follow-up was significantly more frequent in the POEM cohort (98.0% vs. 80.8%; 
p  =  0.01) [29]. Schneider performed a matched cohort analysis based on pre- 
operative Eckardt scores and three quality of life metrics, and found that treatment 
success was not significantly different between groups (p  =  0.444) [30]. More 
recently, a study published by Peng found that, with follow-up as long as 3 years, 
there was no difference between LHM and POEM groups [31].

The results of two early systematic analyses published in 2016 were mixed, with 
Zhang finding that POEM patients had slightly lower Eckardt scores at follow up, 
and Marano reporting no significant difference [32, 33]. The latest and largest sys-
tematic review and meta-analysis was published in 2018 by Schlottmann, in which 
they report on over 7500 patients, 5834 who underwent LHM (53 studies) and 1958 
who underwent POEM (11 studies). They report on percentage of dysphagia 
improvement and found that, averaged across all studies, dysphagia improvement 
was reported in 93.2% of patients who underwent POEM and 87.7% after LHM; 
predicted probabilities for improvement in dysphagia at both 12  months and 
24 months favored POEM (both p = 0.01) [34].

 Adverse Events

Most published studies comparing the rate of complications between LHM and 
POEM groups have found no difference in the rate of adverse events [22, 24–26, 28, 
30, 31]. In one particular study that did show a difference, Kumbhari reported a 
statistically significantly higher rate of adverse events in the LHM cohort (27.0% 
vs. 6%; p = 0.01), with a higher percentage graded as moderate events in the LHM 
cohort. However, there were no serious adverse events in either group [29]. Leeds 
et al. reported too few complications to be compared statistically but found non- 
serious adverse events occurred in three patients in each group [27].

In the meta-analyses published by Zhang and Marano, both found that there was 
no statistically significant difference in the rate of complications between the POEM 
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and LHM groups (odds ratio (OR) 1.53, 95% confidence interval (CI) 0.65–3.59; 
P = 0.22 and OR 1.11, 95% CI: 0.5–2.44, p = 0.796, respectively; both favoring 
LHM, however). Schlottmann only considered complications of Clavien grade III, 
IV and V and, due to the extremely low rate of morbidity and mortality, they were 
not able to perform any statistical analyses.

 Length of Stay

Seven studies [22, 24, 26–29, 31] found that length of stay between the LHM and 
POEM groups was not statistically significantly different. In their meta-analysis, 
Zhang found that in four studies that reported length of stay there was no difference 
between POEM and LHM groups (mean difference (MD) = −0.42, 95% CI: −1.26 
to 0.43; P = 0.33). In studies that did show a difference, Bhayani found that LHM 
patients had a longer average length of hospitalization (2.2 vs. 1.1 days, p < 0.0001) 
[25]. In their meta-analysis, Marano found a lower length of stay in POEM patients 
compared with LHM patients (MD = −0.629, 95% CI: −1.256 to −0.002, P = 0.049). 
Conversely, Schlottmann surprisingly found that patients who underwent POEM 
stayed in the hospital an average of a day longer than patients who received LHM 
(p = 0.04), although they admit that the early stage of development of POEM in the 
studies included in their meta-analysis may have contributed to this finding.

 Postoperative Reflux

A primary concern with POEM is the rate of postoperative reflux. There is wide 
variation in how reflux is reported in studies comparing LHM and POEM. Overall, 
all studies are plagued with the issue of loss of follow-up, and objective measures of 
reflux are limited to a minority of patients in most studies.

Multiple studies reported on GERD postoperatively based on questionnaire and 
survey data at follow-up and found no significant differences between the POEM 
and LHM groups [22–24, 26, 31]. Kumbhari used proton pump inhibitor (PPI) use 
postoperatively as a surrogate for symptomatic GERD and found no significant dif-
ferences between the POEM and LHM groups [29]. More recent studies have used 
pH testing to determine rates of reflux. Bhayani and Schneider both found that a 
similar percentage of patients in groups had an abnormal DeMeester score on post-
operative 48-h pH testing [25, 30].

Two meta-analyses considered the issue of postoperative reflux. Marano found 
that there was a trend toward a significant reduction in symptomatic gastroesopha-
geal reflux rate in favor of LHM compared to POEM (OR 1.81, 95% CI: 1.11–2.95, 
P  =  0.017) [33]. Schlottmann examined the incidence of postoperatively reflux 
using a variety of measures. They found that GERD symptoms, and to a greater 
extent presence of reflux esophagitis and abnormal 24-h pH monitoring, were all 
significantly more common in POEM patients postoperatively. Overall, their data 
suggested that, although GERD symptoms were present in a more similar number 
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of patients in each group, there was much greater difference in rates of reflux when 
based on objective modalities such as EGD and pH monitoring [34].

 Conclusions and Recommendations

Both Heller myotomy with fundoplication and POEM are highly efficacious in pal-
liating symptoms, with POEM being slightly more successful in a recently pub-
lished large meta-analysis, and have similar rates of perioperative complications. In 
recent years, rates of reflux have been the primary concern in comparing the two 
approaches. Overall, based on the results of recently published systematic reviews 
and meta-analyses, we make a weak recommendation to choose POEM over lapa-
roscopic Heller myotomy with fundoplication due to a slightly better clinical 
response with no difference in adverse events.

 A Personal View of the Data

The relative benefits of POEM include satisfactory palliation of symptoms, minimal 
rate of compilations, potential for same day discharge [35], lack of incisions, and 
equal or better efficacy when compared to Heller myotomy. The only downside is 
the inability to perform a fundoplication, and GERD rates are higher with POEM 
[36, 37]. In our practice, we routinely discharge patients the same day after POEM 
and the next day after Heller myotomy, and maintain all patients with achalasia who 
undergo myotomy on PPI therapy for a minimum of 1 year and then have them 
return for esophagogastroduodenoscopy and Bravo pH testing off therapy to evalu-
ate for reflux-associated changes (stricture, esophagitis, Barrett’s esophagus). At 
this point, accepted therapies for reflux after POEM include lifelong PPI therapy or 
laparoscopic fundoplication. With emerging endoscopic therapies being developed, 
our hope is that in the future a fully endoscopic method will become feasible and 
safe to permit myotomy and fundoplication after POEM [38].
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 Introduction

Esophageal achalasia is an uncommon disease with an estimated incidence of 
between 0.7 and 2.3 new patients per every 100,000 inhabitants a year, however, the 
prevalence of achalasia is estimated to be ten times higher than its incidence. It has 
been estimated that some 10–23 persons per 100,000 inhabitants have the disease 
[1]. There are no clear geographical, race, or gender associations [2, 3]. No etiologic 
therapy for achalasia is available—treatment is symptomatic and aimed at eliminat-
ing or reducing the functional obstruction of the cardia, thus allowing the free pas-
sage of a solid or liquid bolus into the stomach. In the short term most of the current 
therapies are effective. However, achalasia remains a chronic disease with potential 
recurrence after successful primary treatment, and patients often require multiple 
interventions throughout their lives. A large population study, based on administra-
tive health data in Ontario, Canada, has shown that in a 5-year period 20% of 
patients treated with laparoscopic Heller myotomy (LHM) required a pneumatic 
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dilation of the cardia, 9% had a redo LHM, and 2% had an esophageal resection [4]. 
A similar recent population-based cohort study from the United Kingdom showed 
that nearly 14% of patients treated with LHM required further interventions over a 
10 year follow-up period [5].

These figures are indicative of the challenges of managing achalasia patients 
who have already received a primary “single shot” treatment (myotomy). The recent 
introduction of peroral endoscopic myotomy (POEM) [6] as a therapeutic option for 
achalasia has made it even more complex for patients and their caregivers to decide 
on an optimal treatment strategy when achalasia symptoms recur.

The aim of this chapter is to offer a review of the different options for treating 
symptomatic recurrence of achalasia based as much as possible on evidence, con-
sidering the available literature is limited mostly to retrospective cohort studies with 
a low to very low GRADE quality. For the purpose of this chapter we have decided 
to limit our review only to the treatment of recurrences after the two most invasive, 
single-shot therapies: LHM and POEM.

 Search Strategy

A comprehensive search in English was carried out using the Medline and EMBASE 
databases to identify literature commenting on the management of symptom recur-
rence in achalasia. Search terms used included ‘achalasia’, ‘refractory achalasia’, 
‘achalasia treatment failure’, ‘laparoscopic Heller myotomy’, ‘per-oral endoscopic 
myotomy’, ‘achalasia treatment reintervention’, and ‘achalasia recurrence’ 
(Table 40.1). The literature review included all articles published between January 
2000 and June 2019 and was limited to human subjects. Articles that did not report 
data on follow-up or that reported incomplete data or considered the outcome of 
different types of retreatment together were excluded.

In total, 36 cohort studies, 3 systematic reviews, 2 review articles and 1 guideline 
were included in the review. The GRADE system was used to analyze the literature. 
The Newcastle-Ottawa scale was used to assess cohort studies. The Newcastle- 
Ottawa Scale (NOS) is a risk of bias assessment tool for observational studies that 
is recommended by the Cochrane Collaboration Group [7]. NOS evaluates three 
main parameters: Selection (of the exposed and non-exposed cohort), comparabil-
ity, and outcome. A study can be given a maximum of one star for each numbered 
item within the selection and outcome categories and a maximum of two stars for 
comparability. The studies are considered good quality if they have 3 or 4 stars in a 

Table 40.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients with 
achalasia

Laparoscopic 
Heller myotomy
Peroral endoscopic 
myotomy
Pneumatic dilation

Previous laparoscopic 
Heller myotomy
Previous POEM

Improvement of symptoms/
quality of life/therapeutic 
success
Complications of interventions
Recurrence of symptoms

G. Zaninotto et al.
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selection domain, 1 or 2 stars in a comparability domain, and 2 or 3 stars in an out-
come/exposure domain; the studies are ranked fair quality if they have 2 stars in a 
selection domain, 1 or 2 stars in a comparability domain and 2 or 3 stars in an out-
come/exposure domain; they are ranked poor quality if they have 0 or 1 star in a 
selection domain OR 0-1 stars in a comparability domain OR 0 or 1 stars in an 
outcome/exposure domain

 Results

 Definition of Failure and Patient Evaluation

Currently there is no unequivocal definition for “failure” after primary treatment of 
achalasia. A comprehensive definition of recurrence suggested by the International 
Society for Diseases of the Esophagus (ISDE) Achalasia Guidelines is: “the devel-
opment of symptoms compatible with achalasia after an initial improvement result-
ing from an endoscopic or surgical treatment” [1].

The six randomized controlled trials (RCTs) comparing pneumatic dilation to 
LHM have used different criteria to measure the outcome, spanning from a vague 
“successful symptomatic relief” to the Eckardt score [8], the Watson dysphagia 
score [9], the Hellemans and Vantrappen criteria [10], the DeMeester score [11], the 
achalasia severity questionnaire, and the generic Short Form 36 Generic Quality of 
Life Questionnaire [12]. This lack of definition and heterogeneity in symptomatic 
assessment makes it difficult to compare patients from different studies. The Eckardt 
score, which grades four items (dysphagia, regurgitation, chest-pain and weight 
loss) from 0 to 4, is probably the most used due to its simplicity. Most of the non- 
RCT cohort studies report the outcome of treatment using it, with a post-operative 
score >3 considered a failure. Some authors have used a less strict definition for 
failure by setting the threshold at 4 [13]. The Eckardt score, however, has not been 
validated as a measure to assess the recurrence of achalasia.

Persistence or recurrence of symptoms after myotomy performed either endo-
scopically (POEM) or laparoscopically (LHM) may have different etiologies: an 
insufficient myotomy (leaving uncut muscle fibers, especially on the gastric side or 
upward in the esophageal body in case of type III spastic achalasia), as well as scar-
ring across the myotomy, a fundoplication that is too tight or incorrect, gastroesoph-
ageal reflux disease (GERD), peptic stricture, or esophageal cancer.

Very few articles consider persistence of symptoms (i.e. patients whose symp-
toms never sufficiently improve or symptoms that recur within 6 months from the 
primary treatment) separately from recurrence (i.e. patient who had recurrence of 
symptom after a long-lasting improvement) [14–17], and this makes it difficult to 
differentiate between these two clearly different clinical situations. Recurrent symp-
toms may be more etiologically complex and difficult to interpret than symptoms in 
treatment naive achalasia patients. Acid reflux may play a relevant role in treated 
patients, as reflux may be perceived differently by patients after myotomy [18, 19] 
and recurrent achalasia may be difficult to differentiate from a peptic stricture.
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A correct diagnosis of recurrent achalasia is paramount for achieving successful 
further treatment. A careful history of dominant patient symptoms and previous 
treatment(s) should be taken and, if possible, any video footage of the previous 
intervention should be reviewed. Objective testing by means of high-resolution 
esophageal manometry, barium swallow, 24-h pH monitoring and impedance, and 
upper gastro-intestinal endoscopy should be performed and compared with those 
test results from prior to the first intervention [20–23].

In cases of long-standing disease and late recurrence in patients with a decom-
pensated and tortuous esophagus, endoscopy should be performed after cleaning the 
esophageal lumen of food debris to visualize the mucosa correctly, and multiple 
biopsies should be taken of any identifiable lesions (i.e. Barrett segments or nod-
ules) or randomly along the lumen to exclude underlying malignancy [24]. Special 
staining for p53 expression in the esophageal biopsies may help in detecting dys-
plastic areas [25] and therefore indicate the need for a more radical treatment 
(esophagectomy). In such patients, a CT scan of the abdomen and of chest and full 
staging work-up is also indicated.

Symptom persistence or recurrence is not necessarily related to failure of acha-
lasia treatment. This is particularly relevant for chest-pain (that may be extremely 
troublesome for the patient), but it is not always related to a difficult transit through 
the cardia or to acidic reflux.

 Management of Recurrent Symptoms After Laparoscopic 
Heller Myotomy

Three options may be offered to patients after failure of LHM, namely graded pneu-
matic dilations, re-do laparoscopic Heller myotomy, or POEM.

 Pneumatic Dilation
Table 40.2 reports the outcomes of PD after LHM in six retrospective studies [14, 
26–31]. Of interest is the absence in all the studies of any recorded perforation due 
to the pneumatic dilations, suggesting that PD may be less risky in patients after 
myotomy than in naïve achalasia patients. The success rate ranges between 50% and 
79% at a follow-up interval of 12 months to 12 years, however most patients required 
more than 1 dilation (range 1.5–2).

 Re-do Laparoscopic Heller Myotomy
Table 40.3 reports the outcomes of re-do LHM [17, 22, 32–34]. The success rate is 
slightly better than for PD, ranging from 64% to 92%, although the median follow-
 up reported in this group of patients is shorter than for PD (range 11 months to 63 
months). The rates of conversion, esophageal mucosal tear, and postoperative com-
plications are much higher than in primary LHM, indicating that re-do LHM is a 
technically more complex operation. In 18 patients the operation was limited to take 
down of the previous fundoplication, confirming that a misplaced fundoplication or 
a fundoplication that was too tight was the cause of relapsing of dysphagia.

G. Zaninotto et al.
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 POEM
Table 40.4 reports the outcomes of POEM after LHM failure [21, 35–39]. POEM 
has a shorter history as a revisional procedure for LHM failures, with the first reports 
originating in 2013. The findings seem very encouraging, with good results rate 
ranging between 90% and 100%, however this very optimistic report is based on 
only an handful of patients with a very short follow-up of 5 months. Most of the 
procedures were completed endoscopically. The rate of mucosal tears was not 

Table 40.2 Results of pneumatic dilation after failed Heller myotomy

Author year 
NOS scale

Number of 
patients

Time 
since 
operation

Pneumatic 
dilator size 
(mm)

Number 
of 
dilations

Follow-up 
interval

Remission 
of 
symptoms

Zaninotto 
[14] 2002

9 (LHM) Between 
1 month 
and 1 
year

30/35/40  
according to 
symptomatic 
response

2 
(median)

14.5 
months

77%

Guardino 
[26] 2004 
⋆⋆

10 (HM) 60 
months 
median

35/40 2 Not 
reported

50%

Kumbhari 
[27] 2013
⋆, ⋆⋆

27 (HM) 
range
1–45 years

7 months 
(median)

30/35/40
2–4 weeks 
interval, 
according to 
symptomatic 
response

Not 
reported.

12 months
30 months 
(median)

89%
66%*

Legros [28] 
2014  
⋆, ⋆⋆

18 (HM) 18 
months 
(median; 
range 
0–42)

30/35/40
8 months 
interval 
according to 
symptomatic 
response

1.5 
(median; 
range 
1–2.25)

33 months 
(median)

77.8%**

Amani [29] 
2015  
⋆⋆, ⋆⋆⋆

30
(6 LHM, 24 
thoracotomy 
Heller)

6.7 ± 7.1 
years

30 (30 pts) 
35 (17 pts) 
40 (4 pts)

1.7 
(mean)

11.8 ± 6.3 
years

70%

Saleh [30] 
2016  
⋆, ⋆⋆

21 (LHM) 29 
months 
(range 
3–108)

30 (8 pts)
30/35 (4 pts)
30/35/40 (9 
pts)

1.8 
(mean)

6.5 years
(1 PD)
11 years
(2 PDs)

57%***

Stewart 
[31] 2018 
⋆⋆, ⋆⋆⋆

14 (LHM) 28 
months 
(range 
17.3–
43.2)

30 (14 pts)
30/35 (7 pts)
30/35/40 (2 
pts)

1.6 
(mean)

21.7 
months

79%

HM Heller myotomy, LHM laparoscopic Heller myotomy, Pts patients
*Success rate at 30 months
**44% of patients needed further PDs during the follow-up interval
***All 9 patients who were treated with dilations up to 40 mm failed. No differences of the success 
rate in the three types of achalasia: type 1 54%; type 2 67%; type III 50%
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different from that achieved treating naïve achalasia patients, and all were repaired 
during the procedure. Only two serious adverse events (mediastinitis) were observed. 
No differences were found in outcomes among the different achalasia subtypes.

 Management of Recurrent Symptoms After POEM

There are a few studies reporting the modality of treatment of failures after 
POEM. In the first study by Tyberg et al. [38] 46 patients were included. Clinical 
success was achieved in 41 (85%) with a 17% incidence of adverse events (mainly 
bleeding during the re-do POEM). The other study is from a high volume center 
with 15 POEM failures in over 1454 POEM patients [15]. The success rate of re-do 
POEM was 100% at 6 month follow-up, though 20% had complications during 
POEM (mucosal tears, immediately repaired) and 40% of patients experienced 
post-operative adverse effects such as pneumomediastinum [3], pleural effusion [4], 

Table 40.3 Results of Re-do Laparoscopic Heller Myotomy after failed Myotomy

Author/year 
NOS scale

Number of 
patients

Time from 
first 
myotomy 
(range)

Complications, 
conversions, 
mucosal tears

Follow-up 
median
(range)

Good 
outcome 
(%)

Rakita [32] 
2007  
⋆⋆

12 3 years (4 
days-25 
years)

Conversion: 0
Mucosal tears: 2 
(25%)

24.1 
months (not 
reported)

75%

Gockel 
[22] 2007 
⋆, ⋆⋆

12 (open HM) 15 months 
(4–156)

Mucosal tears: 2 
(16%)

38 months 
(2–206)

92%

Loviscek 
[23] 2013 
⋆, ⋆⋆

43 (3 take down 
of fundoplication 
only, 40  LHM)

10.7 years 
(not 
reported)

Conversion: 0
Mucosal tears: 2 
(5%)

63 months 
(12–157)

75%*

Wood [33] 
2015  
⋆⋆

38 LHM Not 
reported

Conversion: 3
30-day mortality 
8%***

11 months 
(not 
reported)

83%

Veenstra 
[34] 2016  
⋆⋆

58 LHM
(15 patients only 
take down of the 
fundo)

32 months 
(1–480)

Conversion: 2
Mucosal tears: 11 
(19%)
Complication 
grade
C-D > 3: 5 (8%)

34 months
(6–203)

64%**

Fumagalli 
[17] 2016  
⋆, ⋆⋆

9 HM 10.4 months 
(0.7-33.2)

Conversion 1
Mucosal tears: 3
(30%)
Complication: 1 
gastroparesis

17.5 
months (not 
reported)

77.7%

LHM laparoscopic Heller myotomy, HM Heller myotomy
*19 patients no long term follow-up
**16 patients no long-term follow-up
***Causes of death unrelated to re-do LHM
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focal atelectasis [3], pneumonia [1] and minor subcutaneous emphysema [1]. All 
but one was without clinical consequences.

 Conclusions and Recommendations

Patients with recurrent symptoms after endoscopic or surgical myotomy should 
receive an extensive evaluation with barium swallow, upper endoscopy, high resolu-
tion manometry, and 24-h pH monitoring [1, 16, 40]. Recurrent or persistent symp-
toms after myotomy may have multiple etiologies that span from an erroneous 
initial diagnosis of achalasia, technical errors in performing the myotomy or in cre-
ating the fundoplication, reflux disease and induced peptic stricture, scar healing of 
the myotomy, megaesophagus with a siphon shaped cardia passage, and cancer. 
Correct identification of the etiology provides the foundation for the decision of 

Table 40.4 Results of POEM after failed Heller Myotomy

Author/year O-N 
scale

Number of 
patients

Time from 
first 
myotomy 
(range)

Complications/
adverse events

Follow-up 
median 
(range)

Good 
outcome 
(%)

Onimaru [35] 2013  
⋆⋆

10 (2 
thoracotomy.)

10 years 
(0.7–45)

None 3 months 90%*

Vigneswaran  
[21] 2014  
⋆⋆

5 (LHM) Not 
reported

None 5 months 100%

Kristensen  
[36] 2017  
⋆⋆

14 Not 
reported

Not reported 14 pts 3 
months
7 pts 24 
months

ES**  
4 (1–11)
ES**  
5 (3–10)

Ngamruengphong 
[37] 2017  
⋆⋆⋆

90 Not 
reported

8% (in 2 pts 
POEM was not 
completed)

8.5 months 81%

Tyberg [38] 2018  
⋆⋆⋆

51 (48 LHM
3 OHM
45 HM + Dor)
Type I   13 pts
Type II  29 pts
Type III  6 pts
3 pts other 
dysmotility 
disorder

113.5 
months 
(2–672)

6 mucosal tears
2 mediastinitis

24.4 
months 
(12–52)

94%

Zhang [39] 2018  
⋆⋆⋆

46
Type I   30 pts
Type II    5 pts
Type III   6 pts
Unknown  5

6 years 
(0.5–45)

13 mucosal tears 28 months 
(3–46)

94%

LHM laparoscopic Heller myotomy, Pts patients
*One patient had an Eckardt score >3 after rescue POEM, though improved compared to 9 
pre-operatively
**ES: Eckardt Score No data on single patients failure are given
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whether a re-intervention is indicated and which type of intervention should be 
implemented to maximize the probability of achieving good results.

Given the relative rarity of esophageal achalasia, and since only a minority of 
patients require re-treatment, it is not surprising that there are no RCTs dealing with 
the management of recurrences. Management of patients with recurrent symptoms 
after endoscopic or surgical myotomy should start with the least invasive procedure, 
i.e. pneumatic dilation. The evidence is based on cohort studies with low numbers 
of patients, most of them retrospective, and therefore this leads to a very low quality 
of evidence and weak recommendations. A criterion for the choice of the re- 
treatment is to start with a series of pneumatic dilations because this is less invasive 
than the other options. No major complications or perforations using PD after myot-
omy are reported. This represents a substantial difference from dilation in naïve 
achalasia patients, in whom the perforation rate is reported as 2–3.5% [41]. Between 
1 and 2 PDs are necessary to achieve a clinical success in 50–77% of patients after 
LHM. There is limited data on the use of PD after POEM and it is possible that the 
success in this case is lower than after LHM. Patients should be informed that the 
probability of being cured with PD after failed myotomy is not high, but the risks 
are minimal.

If graded PD fails as first line re-do therapy, patients with recurrent symptoms 
after surgical myotomy should be offered POEM or re-do LHM. Re-do LHM has 
the advantage of addressing some of the specific causes of failure such as a twisted 
fundoplication or one that is too tight. In studies by Loviscek [23] and Veenstra [34] 
the re-intervention consisted only of taking down the fundoplication in 7% and 
26%, respectively. It is unclear what the results of using POEM in these pathologies 
would be, but it is unlikely to be effective. Of note, the literature consistently con-
firms that re-do LHM is a difficult operation. The number of mucosal tears is 
between 5% and 30% with 4 studies reporting mucosal tears in 25% [31], 16% [22], 
8% [33] and 30% [17] of the patients, respectively. Considering that in naïve acha-
lasia patients the number of perforation is 2.5% [42] and 0.8% [43] in two large 
single institutions studies and 6.9% [44] in a systematic review, we can assume that 
a 5 times higher rate of mucosal tears is a good proxy for the difficulty of the opera-
tion. Major complications are not uncommon either: one study reported a morbidity 
grade of C-D in 8% of patients and another study the 30-day mortality was 8%, 
although the causes of death were not related to the re-interventions.

POEM is a very attractive option in patients with failure after LHM for several 
reasons. First, POEM uses a different approach and avoids the adhesions around the 
cardia and between the lower face of the left liver lobe and the exposed mucosa of 
the anterior surface of the esophagus, especially if the myotomy is not protected by 
an anterior fundoplication. POEM may be performed through a complete posterior 
submucosal tunnel or with a tunnel that enters at 2 o’clock, as for POEM in naïve 
patients, but rotates posteriorly to avoid the scar of the previous myotomy [35]. 
Second, POEM may be easily extended upward in the thoracic esophagus, and 
directly addresses the spastic muscle of type III achalasia [39]. Third, if an antire-
flux partial fundoplication is already present, this may prevent the occurrence of 
iatrogenic post-POEM gastroesophageal reflux. The results of POEM after LHM 
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are very good, with a range of success between 100% [21] and 81% [37], although 
the studies reporting better results have a short follow-up and a small number of 
patients. However, POEM after LHM seems to have a higher risk than POEM in 
naïve patients, with at least one study reporting some severe complications [38].

We have no specific recommendations for management of recurrent symptoms 
after POEM because the data are insufficient regarding such patients. In the few 
available relevant studies, all retrospective in nature and with few treated patients, 
redo POEM seems to be the best option.

Any therapeutic option for recurrent achalasia after myotomy offers a lower 
probability of success than primary treatment and—apart from pneumatic dila-
tion—is more complex and has a greater burden of complications. A good strategy 
is to start with the least invasive option and progress to more invasive options. 
POEM is a very promising treatment, but expectations regarding POEM as “THE 
re-do treatment” need to be substantiated by larger studies and longer follow-up. In 
any case, it should be remembered that any conservative treatment should be used 
before esophagectomy, which should be considered the final option.

 A Personal View of the Data

The first—and probably most important—question that we should ask ourselves 
when an achalasia patient complains of recurrent symptoms is whether he/she has a 
real recurrence requiring a re-do treatment. Symptoms are not always reliable in 
such patients: they may change during time and are not easily interpreted. The pic-
ture of a real-life achalasia patient post-operatively, with regard to their symptoms, 
is not always white (no recurrence) or black (failure); instead, there is a palette of 
grays in between that makes it difficult to make a decision. Barium swallow, better 
if timed (TBS), is the first test we perform. It allows an assessment of transit and 
permits comparison images with those obtained pre-operatively and/or with those 
taken earlier in the follow-up. If the TBS confirms the recurrence, the patient should 
undergo a full evaluation, including 24-h pH-monitoring, especially if the patient 

Recommendations
• Management of patients with recurrent symptoms after endoscopic or sur-

gical myotomy should start with the least invasive procedure, i.e. pneu-
matic dilation (weak recommendation, quality of evidence very low).

• If graded pneumatic dilation fails as first line re-do therapy, patients with 
recurrent symptoms after surgical myotomy should be offered POEM or 
re-do LHM (weak recommendation, quality of evidence very low).

• We make no specific recommendation regarding management of recurrent 
symptoms after POEM.

40 Laparoscopy or Endoscopic Therapy for Recurrent Symptoms from Achalasia
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complains of chest pain. If the patient was referred by another centre/hospital or 
only had a water-perfused stationary manometry pre-operatively, it is considered 
mandatory to perform high resolution manometry. This will help establish if the 
patient has a prior unrecognized type III achalasia. In this case, PD most likely will 
result in unsuccessful treatment and should be avoided, whereas POEM is indicated. 
In all other cases (except for the few patients in whom esophageal resection is indi-
cated) PD is our first choice. In our opinion, when PDs fail, a relevant factor in 
deciding between a re-do LHM or POEM is the presence and the type of fundopli-
cation added to the myotomy. If no fundoplication was added or the patient received 
a posterior fundoplication (Toupet), the adhesion between the exposed esophageal 
mucosa and the lower part of the left liver lobe may make the dissection of the distal 
esophagus very difficult and increase the risk of perforations. In these cases, POEM 
is probably less risky and equally effective. For all patients with an anterior fundo-
plication (Dor) protecting the myotomy, our personal preference is a re-do LHM 
performed on the right border of the esophagus.
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 Introduction

Since the year 2000 the number of diagnosed and surgically treated paraesophageal 
hernias has substantially increased. Regardless of the technique used (transthoracic 
or transabdominal) the number of recurrences has grown so that surgeons started 
facing a new technically challenging problem—a symptomatic recurrent parae-
sophageal hernia. The reported rates of recurrence after primary laparoscopic and 
open repair of paraesophageal hernias range from 2% to 59% [1]. In comparison, 
when the classic transthoracic approach was used for initial repair, the rate of symp-
tomatic recurrence was approximately 7% in a large case series [2].

The most commonly reported symptoms associated with recurrence include 
heartburn, regurgitation, dysphagia and/or pain [3]. Despite the large number of 
reported anatomic recurrences, only 3–6% of those patients will require an opera-
tive intervention [4, 5]. The decision to recommend reoperation should be individu-
alized and highly scrutinized by both the patient and the surgeon, especially 
considering the complexity of the procedure.

The purpose of this chapter is to review the outcomes of thoracotomy versus 
laparoscopy for management of recurrent symptomatic paraesophageal hiatal 
hernias.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_41&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_41#ESM
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 Search Strategy

The literature search was performed using PubMed, Science Direct, MEDLINE, 
Web of Science and Directory of Open Access Journals. We used combinations of 
the following terms: “paraesophageal hernia”, “hiatal hernia”, “recurrent”, “revi-
sional, “reoperative”, “redo repair”, “failed repair”, “thoracotomy”, “laparoscopy”, 
“transthoracic” and “operative repair” (Table  41.1). Only papers published after 
2005 were included, and there were no limitations on language. Studies focused on 
gastroesophageal reflux disease (GERD) and anti-reflux redo surgery were excluded 
from this review. In some of the selected articles there was a wide variety of data so 
that we extracted only the data that were relevant for this chapter.

 Results

In a retrospective case series that compared redo paraesophageal hiatal hernia repair 
with primary repair, Kao reported two cohorts: 305 primary repairs as well as 97 
revisions [6]. All patients in the revision group with exception of one (Belsey IV) 
underwent laparoscopic repair. The mean time from the initial repair to the reported 
symptom recurrence was 48.8  months. Redo paraesophageal hiatal hernia repair 
had a longer mean operative time (256.4 vs. 190.3 min; P < 0.0001) and a higher 
rate of conversion to open when compared to primary repair (10.3% vs. 0.67%; 
P < 0.0001). The rate of complications in the laparoscopic cohort was as high as 
44.7%, with a 30-day readmission rate of 11.7% and a radiographic hernia recur-
rence evident in 31%. An additional reoperation for symptomatic hernia recurrence 
was required in 3.1% of the patients (Table 41.2).

Juhasz reported a retrospectively collected series of patients who underwent 
revisional GERD surgery [7]. From 220 subjects in the study who underwent redo 
procedures for reflux, only 20% had large recurrent hiatus hernias that were opera-
tively addressed. The symptom free period after the initial operation was 44 months. 
The choice of approach was individualized based on patient presentation and sur-
geon preference. In the early period of the study the majority of the reoperative 
procedures were performed via thoracotomy. However, with increasing experience 
and utilization of Roux en Y gastric reconstruction as ultimate antireflux surgery, 
the rate of transabdominal and laparoscopic procedures increased. The 15 reported 
postoperative complications were not stratified based on the approach used. 
Additional revision was performed in 3 (6.8%) of the patients from the entire cohort.

Table 41.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients with recurrent 
paraesophageal hernia

Laparoscopic 
reoperation

Thoracotomy for 
reoperation

Complications
Symptom relief
Radiographic success 
recurrence

M. P. Peev and M. K. Ferguson
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Brown defined radiographic recurrence as >2 cm of vertical extension of gastric 
mucosa above the level of the diaphragm [8]. The authors matched 24 patients who 
underwent PEH revision with 48 patients who underwent primary repair and compared 
various postoperative outcomes and quality of life. All redo paraesophageal hiatal her-
nia repairs were approached laparoscopically. The revision cohort had conversion rate 
of 33% and required longer operative time (311.5 vs. 249.9 min; P = 0.012) with a 
higher blood loss (129.4 vs. 49.5 mL; P = 0.038). Postoperative complications were 
observed in 5 (20.8%) of the patients and there was no operative mortality.

Two other recent case series that compared primary versus revision operations 
for PEH included only patients approached using transabdominal/laparoscopic 
approaches [9, 10]. Zahiri included 271 patients undergoing an initial operation and 
46 revisions [10]. Similar to previous reports, patients undergoing a recurrent opera-
tion required longer operative time (139.1 vs. 112.2  min; p  <  0.001) as well as 
greater need for concomitant procedures such as Collis gastroplasty (87.0% vs. 
30.2%; p < 0.001). Postoperative complications including wound related complica-
tions were observed in 10.9% of patients. Two patients (4.4%) required readmission 
within 30 days of discharge. The patients in the initial repair group reported greater 
benefit from surgery than the redo group (p = 0.032). The majority of patents in the 
initial (64%) and redo (57%) groups completely discontinued their anti-reflux medi-
cations after the procedure.

Wennergren [9] included 34 laparoscopic PEH revisions in their comparative 
study [9]. Operative times (203 vs. 163 min; p < 0.001) and frequency of Collis 
gastroplasty (24% vs. 1%; p  <  0.0001) were higher in the revision group. The 
reported mean hospital LOS for recurrent PEHs was 2 days (range 1–3 days) with 8 
(24%) patients requiring readmission. There were total of 7 (20.5%) radiographic 
and 3 (12%) symptomatic recurrences 4 months after the initial PEH revision.

A retrospective series combined patients who underwent revisional PEH repair 
through the chest or the abdomen [11]. The authors included 52 patients for the period 
1993–2004. More than half of the patients underwent thoracotomy (53.8%), 19 
patients (35%) were initially approached laparoscopically, and the rest of the patients 
in the cohort underwent Nissen or Toupet fundoplication via laparotomy. The preop-
eratively reported chest pain resolved in 83% of the patients undergoing laparoscopy 
and in 93% of the patients undergoing thoracotomy. Perioperative complications were 
reported in 37%, however the authors did not stratify the complications based on the 
operative approach used. One mortality occurred secondary to herniating of the stom-
ach into the chest with subsequent development of respiratory failure. Five patients 
(9.6%) developed symptomatic recurrence and three of them were operated again 
through the chest and the remaining two underwent laparoscopy.

 Conclusions and Recommendations

There are no randomized controlled trials that compare thoracotomy to laparoscopy 
for repair of recurrent symptomatic paraesophageal hernia. The studies in this 
review are retrospective, have low grade of evidence, and include small numbers of 
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patients. The available evidence for repair of recurrent PEH is scarce. The results of 
these two approaches are not distinctly different. We make a weak recommendation 
for a laparoscopic approach over thoracotomy due to the anticipated higher morbid-
ity of the latter.

 A Personal View of the Data

We think that the decision to operate through the chest or the abdomen, open or 
minimally invasively should be individualized on a case by case basis. However, 
what we strongly recommend is a careful assessment of the history and presentation 
of the patient before and after the initial operation, a review of the details of the 
initial operation, and, if possible, identify what led to the failure. Based on that 
information, we believe surgeons should develop an individualized surgical plan 
and discuss with the patient the benefits, risks and potential outcomes of a redo PEH 
repair. Most patients we see have already undergone an attempted or failed laparo-
scopic or open laparotomy approach for redo repair, and thus most of our operations 
are performed using a transthoracic approach. This approach provides the most suc-
cessful means for ensuring optimal mobilization of the esophagus, and includes a 
Belsey fundoplication, which is an excellent way of anchoring the stomach and 
fundoplication wrap within the abdomen.
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 Introduction

Bilateral phrenic nerve paralysis leads to bilateral diaphragm paralysis and signifi-
cant patient symptoms. In compromised patients this may require continuous posi-
tive pressure assistance or even tracheostomy and mechanical ventilation (MV). 
The most common cause of bilateral diaphragm paralysis is cervical spinal cord 
injury (SCI). In these patients there is no longer a connection between the respira-
tory control system in the brainstem or volitional control of breathing area in the 
cerebral cortex with the phrenic motor neurons in the cervical spinal cord. In the 
cervical SCI population, 50% of patients are discharged on temporary MV.  SCI 
coupled with MV is a catastrophic life changing event that drastically decreases life 
expectancy along with increasing yearly costs of care by $185,000. For example, a 
MV dependent 20 year old SCI patient would be expected to live only 10.6 years 
compared to 34  years for a similarly injured patient not ventilated. The greatest 
reason for reduced life expectancy is pneumonia [1].

Independent breathing is compromised in SCI patients due to disruption of the 
signaling pathway, the spinal cord, from the respiratory center in the brain to the 
diaphragm. In patients with an intact phrenic nerve, the signaling pathway can be 
bypassed by implanting permanent electrodes to provide direct electrical stimula-
tion to the diaphragm, which is the mechanism of action of diaphragm pacing (DP) 
(NeuRx DPS, Synapse Biomedical, Oberlin, Ohio). The DP system is implanted via 
a laparoscopic surgical procedure by placing electrodes into each hemidiaphragm 
near the phrenic nerve motor point. Each electrode percutaneously exits the body 
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and is connected to a four-channel external stimulator. The laparoscopic surgical 
technique has been well described [2, 3]. In ventilator-dependent SCI patients, DP 
effectively functions initially as a powered muscle stimulator for treating disuse 
atrophy and then, once the diaphragm has been sufficiently reconditioned, as a func-
tional electrical stimulator (or breathing pacemaker) to drive respiration and wean-
ing from mechanical ventilation.

Bilateral diaphragm paralysis from SCI is a rare event in the United States with 
less than 1000 cases annually. Each trauma unit in the US may only see several 
cases a year, so additional knowledge and skill will be required to change the stan-
dard of care for these patients. The DP device is indicated for stable SCI patients 
with diaphragms that can be stimulated to contract, but who lack control of their 
diaphragms. If a patient has complete transection of the phrenic nerves or damage 
to cervical motor neurons, DP would not be indicated unless phrenic nerve recon-
struction would to be done, which is addressed in another chapter. In this chapter the 
present literature on DP results will be reviewed to help overcome the scarcity of 
experience and improve management of SCI patients with bilateral phrenic nerve 
paralysis.

 Search Strategy

A search of PubMed with the search criteria (diaphragm OR diaphragmatic) 
AND (pacer OR pacing OR pacemaker) AND (“spinal cord injury” OR SCI) was 
completed. Studies from 2014 through 2019 were than manually identified from 
these search parameters, such that the data included subjects with high-level spi-
nal cord injury concordant with the indication for device use. The Kerwin, 
Onders, and Posluszny reports were identified in this fashion [4–6]. The sum-
mary of the Lammertse study was obtained from the authors after the presenta-
tion of the abstract at a conference and will be included [7]. A systematic review 
article by Garara et al. which covered multiple early published studies that con-
sisted of 12 articles from 2006 to 2014 will also be discussed [8]. The initial 
clinical study data that supported the initial FDA approval will also be presented 
for historical purposes [9]. The main goal of the intervention of DP is replace-
ment of invasive mechanical ventilation which is summarized in Table 42.1 using 
the PICO format.

Table 42.1 PICO formatted terms for literature search

Patients Intervention Comparison Outcomes
Spinal cord injured 
patient with bilateral 
diaphragm paralysis 
dependent on 
mechanical ventilation

Laparoscopic placement 
of diaphragm pacing 
electrodes and weaning 
from mechanical 
ventilation

Standard of care of 
chronic 
tracheostomy 
mechanical 
ventilation

Removal from 
mechanical 
ventilation, tidal 
volumes, mortality 
rate, quality of life
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 Results

In 2018, Kerwin et al. reported their single center retrospective matched cohort 
analysis evaluating early use of DP on in-hospital outcomes of patients with 
acute cervical SCI [4]. The matched cohorts included 40 patients who received 
DP implants under FDA approved use and 61 matched patients without a DP 
implant. There were minor demographic differences between the groups in that 
the DP patients were significantly older (45 ± 16 vs. 39 ± 16 years; p = 0.05) and 
more likely to be female (28% vs. 11%; p = 0.04). However, there were no dif-
ferences in the injury severity score or the level of spinal injury. Mean time to 
implantation was 14 days. Median time to MV liberation after DP implantation 
was 7 days. Twenty- six DP patients (65%) and 39 patients (64%) in the control 
group were diagnosed with ventilator-associated pneumonia (VAP) (p = 0.91). 
The DP patients that developed VAP had significantly fewer vent days as com-
pared to the control patients (24.5 ± 15.2 days vs. 33.2 ± 23.3 days; p = 0.05). 
Mortality was 15% for the control group compared to 3% for the DP group 
(p  =  0.04). Length of hospital stay was significantly shorter in the DP group: 
65 ± 61 vs. 43 ± 24 days for the control and DP groups, respectively (p = 0.03). 
In this large single institution series of DP implantation for acute cervical SCI, 
the researchers found that DP implantation was safe and feasible for patients 
with acute cervical SCI, and that for patients who developed VAP, mean ventila-
tor days were significantly shorter.

Kerwin’s group further expanded on the improvement of respiratory mechanics 
of diaphragm pacing at the Annual meeting of the American Association for the 
Surgery of Trauma (AAST) in September of 2019 with a presentation and published 
abstract [10]. They report on 37 patients with DP and 34 matched patients without 
DP. DP lead to a statistically increase in spontaneous tidal volume compared to no 
DP (+88 mL vs. −13 mL; 95% CI 46–131 vs. −78 to 58 mL respectively; p = 0.004). 
More important was that the median time to ventilator liberation after DP was sig-
nificantly shorter (10  days vs. 29  days; 95% CI 6.5–13.6 vs. 23.1–35.3  days; 
p < 0.001). They concluded that: “Comprehensive care of acute cervical spinal cord 
injury patients should include DP implantation”.

In 2018, Onders et  al. reported on the largest long term results in traumatic 
SCI. From 2000 to 2017, 92 patients underwent laparoscopic diaphragm mapping 
and implantation of DP for diaphragm strengthening and ventilator weaning. The 
age at time of injury ranged from birth to 74 years old (average of 27). Time on MV 
was an average of 47.5 months (6 days to 25 years with median of 1.58 years). As 
an indicator of DP success in conditioning the diaphragm in the initial patients 
implanted [35], the stimulated tidal volume relative to basal requirement (7 cc/kg 
for males and 5 cc/kg for females) over time of conditioning was examined. Overall, 
in the first week of DP, there was a gain from 7% below basal requirements to 36% 
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over basal requirements. A total of 88% of patients (81/92) achieved the minimum 
of 4 h of pacing. Seventy (76%) patients used DP at least 12 h per day. Fifty-six 
(60.8%) patients used DP 24 h per day. Five (5.4%) patients had full recovery of 
volitional breathing with subsequent DP removal. Five (5.4%) patients were not 
successfully weaned from MV. Median survival was 22.2 years (95% CI 14.0—not 
reached) with only 31 deaths. Subgroup analysis showed a trend that earlier DP 
implantation leads to a greater number of patients utilizing DP for 24 h with no need 
for any MV. The investigators concluded that DP can successfully decrease need for 
MV in traumatic SCI and that earlier implantation should be considered. A second-
ary benefit was also reported, that after DP, 21 of 44 patients (48%) with a chroni-
cally cuffed tracheostomy no longer needed a cuffed tracheostomy. Seven patients 
were completely decannulated from tracheostomy because of DP and an early 
implanted patient completely avoided a tracheostomy. The clinical significance is 
that chronic cuffed tracheostomy tubes increase the risks of hemorrhage, tracheo-
malacia, infections, mucous production, pneumonias, granulation tissue, and ste-
nosis [5].

In 2016, Lammertse et al. presented results of a multicenter longitudinal fol-
low- up of DP patients [7]. The independent study was conducted by six Spinal 
Cord Injury Model Systems (SCIMS) centers and funded by the National Institute 
on Disability, Independent Living, and Rehabilitation Research (NIDILRR). The 
aim of the study was to determine the long term outcomes of patients with SCI 
that were using DP.  The study used questionnaire-based patient reported out-
comes with data collected for the years 2011–2016 on patients with implants 
performed 2007–2014. Thirty-one patients, 23 male and 8 female, with mean age 
of 34 years (range 19–71 years) were enrolled at six SCIMS centers. Neurological 
level of injury was C1 32%, C2 45%, C3 19%, and C4 3%. Thirty percent had 
complete SCI and 70% had incomplete SCI. Mean time to implant post-SCI was 
4.5 years (range < 1 month to 28 years). Mean follow-up was 3.2 years (range 
15 days to 7.4 years). Patients (n = 28) initiated pacing a mean of 2.5 days and a 
median of 1 day (range 0–7 days) post-electrode placement. Patients achieved 
pacing for 6 h per day after a median of 7 days (range 0–60 days) and 24 h per 
day after a median of 5 days (range 0–30 days). Twenty-four (24) patients (86%) 
were still using DPS (4–24 h; mean 16 h, median 16 h) at the time of the follow-
up and 7 patients (25%) were pacing 24 h per day. Four [4] patients (14%) were 
not pacing due to “medical issues”, including an adverse reaction to pacing, 
shoulder pain, or need for pressure support via the ventilator. Device-related 
adverse events included infection issues at the electrode wire exit site (17%), 
pain with pacing (14%), and electrode wire issues involving hospitalization 
(13%). From a subjective patient satisfaction standpoint, 95% were happy or 
very happy with their decision to have DP; 79% were satisfied or very satisfied 
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with DP; 57% reported improved ability to engage in activities (e.g., air travel, 
community mobility, conversation, socialization, energy, sex, etc.), although 
attendant care needs were unchanged in 89%.

Posluszny’s 2014 report was similar to Kerwin’s in that he focused on early 
implantation of DP in SCI [6]. Their analysis included 29 patients, 22 of whom 
were implanted; 7 patients had denervated “dead diaphragms” at surgery. These 
diaphragms could not be stimulated because of complete destruction of the lower 
motor neurons from the trauma insult. The average time frame of injury to implant 
was 3–112 days with a median of 33 days; 72.7% (16 of 22) were completely free 
of MV in an average of 10.2 days. A subset of patients implanted within 11 days of 
injury weaned off MV in 5.7 days. Some patients (36%) implanted early after injury 
had recovery of respiration and were able to wean off of DP. The ability to record 
dEMG in this SCI population highlighted the potential of electrical stimulation 
from DP and neuroplasticity of the spinal cord allowing recovery of phrenic nerve 
function. Also noteworthy was the fact that early identification of those patients 
with “dead diaphragms” saves significant amounts of time, frustration, and money 
on futile ventilator weaning and also allows early consideration of the growing use 
of nerve transfer techniques to allow recovery.

The initial FDA multi-center clinical trial (N = 50) of DP in SCI dependent on 
tracheostomy MV showed 96% (48/50) of implanted patients were able to breathe 
for four consecutive hours with DP alone [9]. This was a single arm prospective 
evaluation. Outcome measures included stimulated tidal volume, use of DP, 
patient/caregiver satisfaction, and mortality. Fifty-two percent (26/50) were able 
to replace MV full time. The subjects achieved the primary endpoint of four 
hours off of MV in a mean of 2.2 months (range 0.2–7.8 months). Patients ranged 
in age from 18 years to 74 years (mean 36 years). There were 37 males with the 
majority of injuries resulting from motor vehicle accidents followed by sports 
injuries. Patients were on MV from 3 months to 27 years prior to DP implant 
with the average time of injury to implant being 5.6 years. A 1 year psychosocial 
survey of the effect of DP was completed in 22 subjects. All patients were living 
at home. Sixty-four percent reported less secretions with 70% of caregivers 
reporting less suctioning. Seventy-seven percent reported “more normal breath-
ing”. Ninety percent of caregivers stated that caring for DP was less work than 
MV. Ninety-five percent of patients described an increase in mobility and 91% 
reported more freedom and feelings of independence. Ninety-six percent of 
patients and 100% of caregivers would recommend DP to other SCI patients. The 
most common adverse event was capnothorax; carbon dioxide from the abdomi-
nal cavity used during laparoscopy tracking into the pleural space for which 
minimal treatment was required.
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Earlier studies of DP were summarized by Garara et al. at the Imperial College 
Healthcare NHS Trust [8]. After analyzing 12 publications from 2004 to 2014, they 
concluded that DP was safe and effective. They noted between 40% and 72.7% of 
patients were completely free of MV after conditioning, excluding case reports. 
They also recommended earlier implantation since it does not appear to be associ-
ated with greater surgical risk and had a higher rate of complete success. They also 
noted that the most frequent post-operative complication was a capnothorax, which 
was managed successfully with observation, drainage or aspiration.

When comparing the monthly cost of maintaining a patient at home with a por-
table ventilator including the cost of long-term equipment replacement/rental, med-
ical, and nursing care, DP is cost effective. Onders et al. described the cost savings 
of $13,000 monthly for one SCI patient who was successfully weaned off the ven-
tilator to full-time pacing [2].

Pacing allows natural negative pressure ventilation, preferentially aerating the 
posterior lobes of the lungs and increasing respiratory compliance, and therefore 
should decrease pneumonia rates in this patient population. Hirshfield et al. ana-
lyzed 64 spinal cord patients with chronic respiratory insufficiency in whom 32 
were able to receive either a phrenic or diaphragm pacer and 32 who did not [11]. 
Pacing the diaphragm and allowing negative pressure ventilation decreased respira-
tory infections from 2 per 100 days to 0 with pacing (p < 0.001).

Another report looked at the quality of life of patients with pacing compared to 
when they were on the ventilator and all patients would recommend pacing to other 
potential recipients [12]. They found that pacing improved patients’ ability to go 
outside of the home and participate in leisure activities and relationships with oth-
ers. This study also showed a significant improvement in olfaction and taste with the 
use of pacing.

The first four articles that were discussed in the results will form the basis for the 
conclusions and are summarized in Table 42.2. The strength of the evidence is also 
reported for each article along with conflicts and limitations. The GRADE approach 
for recommendations also relies on the benefits and downsides of the proposed ther-
apy. Kim Anderson has been at the forefront in the SCI community of what research 
should be done based on the expressed needs of the patients with SCI. She states the 
need to be removed from MV is so inherently obvious and should be at the forefront 
of research that it is not even posed as a research question to patients [13]. Given the 
little risk or downside of DP and the significant benefit of being removed from a 
ventilator allows the final recommendation for DP to be strong in all four high-
lighted articles. The simplicity of confirming device effectiveness adds to the high 
quality of the evidence for DP. These are large well performed observational studies 
that are not randomized, but the patients act as their own controls. If the device is 
turned off, the patient cannot ventilate and has to be returned to MV. This direct 
cause and effect gives us the confidence to state there is high quality evidence of the 
positive effect of DP in these studies.
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 Conclusions and Recommendations

In conclusion, after over a decade of being approved by the FDA, DP remains unde-
rutilized for SCI patients with bilateral phrenic nerve paralysis dependent on MV. A 
strong recommendation for all SCI patients dependent on MV is warranted. Many 
patients will be able to have complete weaning from MV. There is strong evidence 
that DP should be utilized early with significant positive results for this group of 
patients. If the diaphragm cannot be stimulated because of phrenic nerve injury or 
death of phrenic motor neurons, the patient can be assessed for intercostal to phrenic 
nerve transfer. Also, early knowledge of a non-stimulatable diaphragm is confirma-
tion of the inability to wean from MV; long term ventilator management can be 
immediately begun, which in SCI patients includes high tidal volume ventilation to 
prevent atelectasis and pneumonias [14, 15]. Timely assessment and implantation 
can significantly decrease early morbidity, mortality and length of stay which 
decreases costs.

 A Personal View of the Data

As part of the team at Case Western Reserve University and University Hospitals 
Cleveland Medical Center that developed DP technology, I have been involved in 
use of this technology for over two decades. Recent reports have highlighted the 
growing benefit of early utilization of DP to wean SCI patients off of the ventilator. 
This allows earlier transfer to rehabilitation centers to manage the significant other 
problems of high level quadriplegia. In our current trauma practice, once the initial 
injury is stabilized, we document if the patient can volitionally move their dia-
phragm to initiate ventilation. If they can, then standard weaning occurs. If the 
patient cannot, we go directly to diagnostic laparoscopy to determine if the dia-
phragm can be stimulated. If the diaphragm can be stimulated, DP is implanted and 
rapid weaning without tracheostomy begins. It is extremely rewarding to wean a 
young SCI patient off of MV without a tracheostomy, allowing them verbal com-
munication with family and to begin the rehabilitation process after a life chang-
ing injury.

Recommendations
• All spinal cord injured patients on mechanical ventilation should have their 

diaphragms assessed for diaphragm pacing and possible diaphragm pace-
maker implantation (evidence quality moderate; strong recommendation).

• Diaphragm pacing should be implanted early after spinal cord injury (evi-
dence quality moderate; strong recommendation).

R. Onders
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43Does Phrenic Nerve Reconstruction 
for Unilateral Diaphragm Paralysis 
Improve Function or Quality of Life

Matthew R. Kaufman and Thomas Bauer

 Introduction

Unilateral diaphragmatic paralysis may result from acute or chronic neural injury 
along the central or peripheral nerve pathways. The possible location of pathology 
includes: the cervical spinal cord, the peripheral cervical roots (C3–5), and the 
phrenic nerve in its cervical, mediastinal, or thoracic segments [1–3]. Symptoms 
may be mild in some patients, yet a substantial number will present for treatment to 
correct exertional dyspnea, orthopnea, and sleep disordered breathing [1, 2, 4, 5]. 
Although there are identifiable traumatic or iatrogenic etiologies in a subset of 
patients, many idiopathic presentations are subsequently found to result from 
chronic peripheral compression neuropathies undetectable on current imaging 
modalities. Electrodiagnostic evaluation of the phrenic nerve and diaphragm per-
formed by experienced physicians can assist in identifying patients whose paralysis 
may be reversed using microsurgical nerve reconstruction. Magnetic resonance 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_43&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_43#ESM
mailto:mkaufmanmd@tpscnj.com
mailto:thomas.bauer@hackensackmeridian.org
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imaging of the cervical spinal cord can eliminate the possibility of degenerative 
cervical spine disease as the underlying etiology.

Unilateral phrenic nerve paralysis is often associated with symptoms that 
adversely affect function and quality of life. Options for managing symptomatic 
unilateral phrenic nerve paralysis traditionally include diaphragm plication, 
although newer modalities such as diaphragm pacing and phrenic nerve reconstruc-
tion have recently been introduced. This chapter evaluates the functional outcomes 
of phrenic nerve reconstruction.

 Search Strategy

Following the PICO format, we identified a population of patients with symptomatic 
unilateral diaphragm paralysis. The intervention was phrenic nerve reconstruction and 
a comparison was made to no treatment and other surgical treatment options. The 
target outcomes were symptomatic and functional recovery based on physical func-
tioning surveys, electrodiagnostic testing, and pulmonary function testing (Table 43.1).

The literature search was performed in PUBMED using the following search 
terms: diaphragmatic paralysis, phrenic nerve injury, diaphragm plication, phrenic 
nerve reconstruction, and diaphragm pacemaker. A search of the medical literature 
was performed from 1980 through 2019. Articles pertaining to diaphragm pacemak-
ers for ventilator dependent spinal cord injury were excluded. We identified no ran-
domized controlled trials investigating any of the current surgical treatment options 
for unilateral diaphragm paralysis.

 Results

 Patient Selection

Symptomatic unilateral paralysis should be evaluated for surgical treatment after 
failure of conservative management. The optimal time for intervention is 8–12 months 
from onset (or thereafter) absent subjective or objective evidence of spontaneous 
improvement. Diagnostic testing is necessary to determine feasibility of surgical cor-
rection, and the most appropriate modality or modalities. Co-morbid conditions, 
body mass index, and patient age must also be considered in surgical planning.

Table 43.1 PICO formatted terms for literature search

Population Intervention
Comparison 
intervention Outcome measures

Symptomatic 
unilateral 
diaphragm paralysis

Phrenic nerve 
reconstruction

No treatment
Diaphragm 
plication
Diaphragm 
pacemakers

Symptomatic recovery
Functional recovery
Physical function surveys
Electrodiagnostic testing
Pulmonary function testing

M. R. Kaufman and T. Bauer
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 Results of Intervention for Unilateral Diaphragm Paralysis

 Diaphragm Plication
The traditional approach for plication is through a standard posterolateral thoracot-
omy [6–13]. With the advent of minimally invasive surgery, video-assisted thoracic 
surgical (VATS) or laparoscopic approaches have slowly replaced open thoracoto-
mies [7, 14, 15]. A retrospective review has demonstrated the VATS approach to 
achieve similar results as thoracotomy based on pulmonary function tests, dyspnea 
scores, and functional assessment with shorter length of stay, lower complications 
rates, and lower mortality rates [10]. Plication should be reserved for those patients 
with documented diaphragmatic paralysis and significant dyspnea. Morbidly obese 
patients and those with long-standing paralysis are less likely to benefit from this 
repair [7]. The accumulated literature supporting plication surgery as a treatment for 
symptomatic unilateral diaphragm paralysis is comprised of retrospective case 
series and case reports (Table 43.2).

 Phrenic Nerve Reconstruction
Phrenic nerve reconstruction was first reported in 2011 as an application of nerve 
repair techniques in patients with chronic diaphragmatic paralysis, and in a series of 
12 patients there was improvement in diaphragmatic function in 8 of the 9 patients 
(89%) who could be fully evaluated [16].

In a 2014 cohort analysis comparing results of phrenic nerve reconstruction in 68 
patients to both historical cohorts from a meta-analysis of diaphragm plication and 
a non-surgical group of patients undergoing observation, the investigators demon-
strated at least a functional equivalency to plication at 1 year follow-up, and results 
that were far superior to no treatment (Table 43.3) [17]. In the phrenic nerve surgery 
group there was a statistically significant improvement in SF-36 quality of life 
scores. Furthermore, electrodiagnostic recovery, including both a 69% improve-
ment in conduction latency and a motor amplitude increase of 37%, was significant 
in the phrenic nerve surgery group, indicating recovery of functional activity. This 
improvement did not occur with plication surgery or in the non-surgical group.

A 2017 review evaluating long term outcomes after phrenic nerve reconstruction 
in 180 patients found progressive improvement in diaphragmatic recovery with 
greater than 2 year follow up and a formal program of post-operative rehabilitation 
(Table 43.4) [18]. This included a 125% increase in diaphragm motor amplitudes, 
and significant improvement in FEV, FVC, VC, and TLC.  Compared to a 28% 
improvement in SF-36 quality of life scores in the prior cohort study with 1 year 
follow up, in this study (mean follow up = 2.7 years) there was a statistically signifi-
cant 67% improvement in SF-36 scores. Approximately 90% of patients experi-
enced a successful outcome (functional diaphragmatic improvement) after treatment.

Early case reports by Brouillette (1986) and Schoeller (2001) detailed successful 
immediate repair of the phrenic nerve after intra-thoracic nerve injuries due to 
trauma or tumor resection, respectively [19, 20].

Kaufman et  al. (2012) reported on three patients with symptomatic unilateral 
diaphragm paralysis found to be caused by vascular compression of the phrenic 

43 Does Phrenic Nerve Reconstruction for Unilateral Diaphragm Paralysis Improve…
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nerve by the transverse cervical artery, and described this phenomenon as “Red 
Cross Syndrome”. All three patients were treated successfully with phrenic nerve 
reconstruction [1].

Kawashima et al. (2015) evaluated VATS repair of the phrenic nerve in 6 patients 
using either direct repair or intercostal nerve interposition and demonstrated func-
tional recovery in 5/6 patients [21]. Hoshide and Brown (2017) reported on phrenic 
nerve reconstruction in a patient with symptomatic unilateral diaphragm paralysis 
who achieved full functional recovery at 4 years follow up [22].

Limitations to phrenic nerve reconstruction include applicability only to certain 
patient groups. For example, individuals with uncontrolled diabetes, morbid obe-
sity, and the elderly will not be suitable candidates for this surgical treatment. 

Table 43.3 Outcomes of 92 patients with symptomatic diaphragmatic paralysis treated with 
phrenic nerve surgical intervention (PS), nonsurgical (NS) care, and diaphragmatic plication 
(DP) [17]

Baseline scores Post-treatment average improvement
FEV1 PS: 63% ± 14%

DP: 60% ± 5%
NS: 64% ± 21%

PS: 13% ± 11% (p < 0.0001)
DP: 17% ± 7% (p < 0.0001)
NS: 1.7% ± 6% (p = 0.25)

FVC PS: 65% ± 14%
DP: 63% ± 6%
NS: 67% ± 15%

PS: 14% ± 12% (p < 0.0001)
DP: 17% ± 14% (p < 0.0001)
NS: −0.4% ± 4% (p = 0.4)

Latencya PS: 10.9 ± 4.1 ms
NS: 11.6 ± 4.4 ms

PS: 69% (p = 0.036)

Amplitudeb PS: 0.24 ± 0.17 mV
NS: 0.23 ± 0.15 mV

PS: 37% (p < 0.0001)

SF-36c PS: 41% ± 21%
NS: 54% ± 18%

PS: 28% ± 20% (p = 0.004)
NS: 4% ± 8% (p = 0.16)

FEV1 forced expiratory volume in 1 s, FVC forced vital capacity
aLatency reference value: 7.0 ± 1.4 ms
bAmplitude reference value: 0.75 ± 0.54 mV
cSF-36 (Short Form 36) normal score: 100%

Table 43.4 Long-term results of 180 patients treated with phrenic nerve reconstruction for 
chronic diaphragm paralysis [18]

Mean baseline scores Mean post-op scores % improvement
FEV1 61% 68% 11% (p ≤ 0.01)
FVC 63% 67% 6% (p ≤ 0.01)
VC 67% 73% 9% (p ≤ 0.05)
TLC 75% 85% 13% (p ≤ 0.01)
Latencya 11.6 ms 9.6 ms 23% (p ≤ 0.005)
Amplitudeb 0.118 mV 0.265 mV 125% (p ≤ 0.0001)
SF-36c 39% 65% 66.7% (p ≤ 0.0001)

FEV1 forced expiratory volume in 1 s, FVC forced vital capacity, VC vital capacity, TLC total lung 
capacity
aLatency reference value: 7.0 ± 1.4 ms
bAmplitude reference value: 0.75 ± 0.54 mV
cSF-36 (Short Form 36) normal score: 100%
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Furthermore, an inability to participate in an aggressive program of diaphragm 
rehabilitation will reduce the likelihood of significant long term recovery. 
Complications of phrenic nerve surgery reported in the largest series of 180 patients 
included: seroma (2%), hematoma (2%), pleural effusion (1%), and wound infec-
tion (1%). There were no reported mortalities [18].

Although there are no randomized controlled trials investigating phrenic nerve 
reconstruction, higher quality investigations are not likely to change the out-
comes achieved and estimates of the effect reported by the specialty referral 
centers regularly performing this procedure. Similar to the quality of evidence 
available for nerve reconstruction to treat other peripheral nerve disorders, the 
outcomes are reported in large case series by centers with extensive experience. 
The current literature for phrenic nerve reconstruction is limited, yet the reported 
large effects in relatively high numbers of patients requires special consideration. 
Unilateral diaphragm paralysis has traditionally been undertreated, even in 
symptomatic patients who were previously without an option for functional 
recovery.

 Diaphragm Pacemakers
Diaphragm pacemakers are FDA approved for chronic ventilator dependency and 
spinal cord injury and have demonstrated efficacy at achieving ventilator weaning 
[23]. Indications for diaphragm pacemakers have expanded to unilateral or bilateral 
diaphragmatic dysfunction. In 2014 Onders et  al. reported the use of diaphragm 
pacemakers in 21 patients with diaphragmatic dysfunction (and at least partial pres-
ervation of phrenic nerve activity), and demonstrated clinically relevant respiratory 
improvement in 62% [24]. In order for diaphragm pacemakers to stimulate muscle 
contraction there must be at least partial residual phrenic nerve integrity. Therefore, 
application of this treatment for unilateral diaphragm paralysis must be carefully 
selected based upon preoperative diagnostic testing. Active investigations are evalu-
ating combination therapy using phrenic nerve reconstruction and simultaneous 
implantation of diaphragm pacemakers to determine if there may be a synergis-
tic effect.

 Conclusions and Recommendations

The literature supports surgical treatment for symptomatic unilateral diaphragm 
paralysis. Functional correction using phrenic nerve reconstruction as first-line 
treatment may offer symptomatic relief and improved quality of life in select 
patients. Treatment failures retain the option of pursuing diaphragm plication as 
a salvage procedure. Plication may also be the only indication when severe, long-
standing neuromuscular atrophy has occurred. Diaphragm pacemakers have only 
begun to be evaluated as functional treatment for unilateral paralysis and antici-
pated studies may provide evidence regarding the effectiveness of combination 
treatment.

M. R. Kaufman and T. Bauer
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 A Personal Approach to the Data

Phrenic nerve reconstruction for symptomatic unilateral diaphragm paralysis has 
expanded the treatment options for this undertreated respiratory disorder and filled 
a void in offering an effective option for functional recovery. The literature is lim-
ited, yet the treatment effect is robust in large case series and a cohort study in 
demonstrating functional recovery and quality of life improvements. The specialty 
centers performing this procedure and reporting outcomes, including those of the 
co-authors, have established and developed the protocols, personnel, and expertise 
to be able to provide superior care. This includes reliable and consistent preopera-
tive evaluations as the basis for treatment recommendations, properly executed sur-
gical technique, and a specific post-operative rehabilitation regimen.

The value of restoring functional activity to the diaphragm is a priority for many 
younger patients, and preference will be given to surgical techniques that aim to 
achieve this outcome versus the static permanency of diaphragm plication. 
Nonetheless, primary plication surgery in certain subgroups, and also to salvage 
nerve reconstruction treatment failures, may improve overall treatment success. A 
surgical treatment algorithm for the management of diaphragmatic paralysis has 
been published, expanding the treatment options for this condition and assisting in 
optimizing overall outcomes in this patient population [25].
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44Is Plication for Diaphragmatic 
Eventration Effective in Improving  
Lung Function?

Alina-Maria Budacan and Babu Naidu

 Introduction

Diaphragmatic eventration is a rare congenital disorder (incidence <0.05%) that 
affects the central portion of the diaphragm [1]. It is characterized by a paucity of 
muscle fibers, while the normal diaphragmatic attachments to the sternum, ribs and 
spine are not affected [2]. In contrast, diaphragmatic paralysis is an acquired condi-
tion in which the muscle fibers might be atrophic, but they are present. Some authors 
have classified diaphragmatic eventration as congenital or acquired. This is a com-
mon misconception, as both pathologies have similar symptoms, physiological 
impact, and treatment. For this reason, we have chosen to name both diseases “even-
tration” in this chapter.

Eventration is a diagnosis of exclusion, often asymptomatic in adults, more com-
mon in males, and affects predominantly the left hemidiaphragm, although there are 
cases of right/bilateral involvement reported in the literature. The condition is 
thought to be caused by abnormal myoblast migration from the third, fourth, and 
fifth cervical somites into the septum transversum and pleuro-peritoneal membrane 
[3]. The main symptom that patients experience is dyspnoea, owing to a combina-
tion of loss of pulmonary and chest wall compliance and a ventilation/perfusion 
mismatch [4]. Other non-specific symptoms include epigastric pain, bloating, nau-
sea, and constipation [5]. “Acquired” diaphragm eventration (paralysis) is most 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_44&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_44#ESM
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commonly seen following heart surgery or in pathologies affecting the phrenic 
nerve such as intrathoracic tumours and neuromuscular disorders. Symptoms are 
usually worse in children, who sometimes require mechanical ventilation, because 
they rely more on their diaphragmatic excursion for respiration due to intercostal 
muscle underdevelopment and a horizontal orientation of the ribs [6].

Surgical repair can be done either open or minimally invasively using a transtho-
racic or transabdominal approach, and various techniques such as plication, imbri-
cation, and double breasted suturing have been described. Diaphragmatic plication 
seems to be the most popular method and has the goal to provide symptomatic relief 
by improving diaphragmatic function; therefore, surgical treatment is reserved 
exclusively for symptomatic patients [1].

As diaphragmatic dysfunction reduces the compliance of the chest wall, pulmo-
nary function tests (PFTs) can demonstrate a restrictive pattern [4]. Furthermore, 
the diaphragm plays a critical role in inspiration, therefore measuring the maximum 
forced inspiratory flow (FIFmax) is useful, as is assessing pulmonary function tests 
(PFTs) in both supine and upright positions (when supine the PFTs decrease 
between 20% and 50%) [7]. Despite the PFTs often being abnormal in patients with 
diaphragmatic eventration, these changes are not consistent and do not correlate 
with the severity of dyspnea.

Surgery for diaphragmatic eventration in children is mostly performed to facili-
tate weaning off ventilatory support [6], and we have excluded the studies looking 
at outcomes following plication in this group of patients.

PFTs are useful in monitoring changes after treatment and in providing an objec-
tive evaluation of improvement in diaphragm and chest wall function [1]. This chap-
ter reviews the potential benefit of unilateral diaphragm plication in adult patients 
with unilateral diaphragm eventration in improving lung function tests.

 Search Strategy

Electronic searches were performed using the PubMEd, Embase and Cochrane 
Evidence based medicine databases from 1990 to 2019 and used to identify avail-
able data on outcomes after diaphragm plication in adult patients with diaphrag-
matic eventration published in the English language. The index terms used were 
“unilateral diaphragm eventration AND plication OR surgery AND outcomes OR 
quality of life OR physiological changes OR results”. Conference abstracts, case 
reports and studies which included only diaphragmatic paralysis were excluded. 
The quality of the data was classified using the GRADE system. Table 44.1 shows 
the PICO terms used to perform the literature search.

Table 44.1 PICO formatted terms for literature search

P(Patients) I (Intervention) C (Comparator) O (Outcome)
Unilateral diaphragm 
eventration

Plication surgery Observation Quality of life, physiologic 
changes

A.-M. Budacan and B. Naidu
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 Results

Most data on outcomes following unilateral diaphragm plication in adults comes 
from retrospective analyses of case series. Due to the rare nature of this disease, 
randomized control studies are not feasible, therefore the level of evidence dis-
cussed in this chapter is low. Given the myriad of surgical techniques described in 
the literature, we have divided the results into two sections based on the 
approach used.

 Outcomes After Open Diaphragmatic Plication

In 1992 Ribet et al. [8] published their outcomes after open (thoracotomy) diaphrag-
matic plication in a cohort of 24 patients over a period of 20 years, including both 
adults and children, and suggested that one has to be sure the diaphragm is causing 
the symptoms before performing the procedure (Table 44.2). Out of the 11 adult 
patients who underwent open diaphragmatic plication, 6 had decreased respiratory 
function and in 5 cases the post-operative pulmonary function tests were available 

Table 44.2 Outcomes after open diaphragmatic plication (thoracotomy)

Author, study 
type and data 
collection 
period

Number of 
patients

Follow-up 
period

Pre- operative 
values

Post-operative 
values P value

Ribet [8] 
retrospective 
(1968–1988)

11 adults 3 months–18 
years

6 patients had 
decreased 
respiratory 
function (no 
values given)

5 had post-op lung 
function tests FVC 
increased by a 
mean of 20%, 
FEV1 increased 
by a mean of 15%

Not given

Calvinho [9] 
retrospective 
(1988–2007)

20 adults 4 months–206 
months

FEV1% 
66.2 ± 15.3
FVC% 70.4 ± 16.0
MRC 2.06 ± 0.97

FEV1% 
76.1 ± 20.1
FVC% 78.4 ± 17.3
MRC 1.06 ± 1.14

>0.1
>0.1
0.007

Balci [10] 
retrospective 
(2003–2009)

28 12 months MRC 3.4 ± 0.9
FEV1 1.7 ± 0.6 L

MRC 1.8 ± 0.7
FEV1 
2.1 L ± 0.7 L

0.000
0.013

Ali Shah 
[12] 
retrospective 
(2002–2013)

38 6 months MRC 2.6 ± 0.73
FEV1% 
63.5 ± 13.3
FVC% 67.2 ± 14.6

MRC 0.56 ± 0.47
FEV1% 
75.2 ± 18.1
FVC% 78.7 ± 12.8

<0.05
<0.05
<0.05

Evman [11] 
retrospective 
(2007–2013)

42(23 
accordion, 
19 double 
breasted)

12 months MRC 3 ± 0.6
FEV1% 62 ± 8
FVC% 61 ± 9

MRC 0.9 ± 0.6
FEV1% 76 ± 5
FVC% 76 ± 4

<0.001
No 
difference 
between 
groups

MRC Medical Research Council dyspnea scale, FEV1 forced expiratory volume in the first second, 
FVC forced vital capacity
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and demonstrated an increase in forced vital capacity (FVC) by a mean of 20% and 
in forced expiratory volume in the first second (FEV1) by a mean of 15%. 
Interestingly, in 5 cases the diaphragmatic elevation persisted post-operatively, 
albeit to a lesser extent.

Calvinho et  al. [9] retrospectively analyzed outcomes in 20 patients operated 
between 1988 and 2007 with an average length of follow-up of 59.6 ± 55.1 months. 
The subjective improvement (dyspnea score) was statistically significant at follow-
 up (Medical Research Council [MRC] dyspnea scale) improved from a mean of 
2.06 ± 0.97 to 1.06 ± 1.14; p = 0.007). Although the PFTs improved post- operatively 
(FEV1% from 66.2 ± 15.3 to 76.1 ± 20.1 and FVC% from 70.4 ± 16.0 to 78.4 ± 17.3), 
the differences were not statistically significant. The authors attributed this discrep-
ancy to the small sample size and concluded that subjective improvement is of much 
more value than the objective data from spirometry.

Balci et al. [10] compared outcomes according to etiology and patch use. In their 
cohort of 28 patients, 18 cases were secondary to previous operation/disease, 8 were 
idiopathic, and 2 were post-traumatic. They observed that the patients with a con-
genital/idiopathic etiology (true eventration) were younger, had a higher diaphragm, 
were operated sooner after the onset of symptoms, and had better preoperative 
FEV1 values. In terms of surgical technique, there was no statistically significant 
difference between open diaphragmatic plication and open diaphragmatic plication 
and patch. Of note, none of the patients who had the diaphragmatic plication and 
patch had a post-operative diaphragmatic event; in the plication only group, one 
patient had an ipsilateral diaphragmatic hernia and one patient developed a 
recurrence.

Another study by Evman et  al. [11] compared mid-term clinical outcomes of 
open accordion plication vs. open double breasted plication in 42 symptomatic 
patients with eventration and paralysis. The PFTs and the dyspnea scores (MRC) 
improved significantly, but there were no statistical differences between the groups. 
The postoperative increases in FEV1 and FVC were greater than 20% and persisted 
at 2 years. Although the double breasted technique significantly improved the cau-
dal shift of the diaphragm, this difference did not translate to an increased improve-
ment in pulmonary function tests compared to accordion plication.

Shah et al. [12] retrospectively analyzed 38 patients who underwent surgery for 
true diaphragmatic eventration over 11 years. They also noted a statistically signifi-
cant improvement in PFTs and dyspnea score at 6 months post-operatively. 
Furthermore, they reported a 5.2% 30-day morbidity rate due to surgical emphy-
sema and surgical site infection and a 2.6% 30-day mortality (one patient died due 
to a fatal arrhythmia).

 Outcomes After Minimally Invasive Diaphragmatic Plication

There are only a few studies analyzing outcomes after minimally invasive (VATS or 
laparoscopy) plication in patients with diaphragmatic eventration. Most are retro-
spective with the exception of that led by Moroux and colleagues [13], who 
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performed VATS plication in 12 patients with unilateral diaphragmatic eventration 
and prospectively analyzed the results over an 11 year period. Subjective and objec-
tive functional improvement as well as radiological improvement were observed in 
all patients and persisted long term (Table 44.3.).

Groth et al. [14] retrospectively evaluated the short and mid-term results follow-
ing laparoscopic diaphragmatic plication for symptomatic, unilateral diaphragmatic 
paralysis and eventration. Their study included 25 patients and showed significant 
improvement in respiratory quality of life and pulmonary function test results. 
Unlike other studies, they included the FIFmax in the analysis and found that the 
improvement 1 year after plication did not reach statistical significance. After inves-
tigating the reason behind this discrepancy, they found that one patient resumed 
smoking after the 1-month postoperative visit. When analyzing the cohort’s 1-year 
PFT data after excluding this patient, they found significant improvements in 
FVC%, FEV1%, and FIFmax% at 1 year after laparoscopic diaphragmatic plication.

Rombolá and coworkers [15] observed the clinical respiratory and spirometric 
effects of video-assisted mini-thoracotomy diaphragmatic plication (VAM-TDP) in 
the treatment of diaphragmatic eventration. Eighteen symptomatic patients were 
included and significant clinical and spirometric improvement persisted up to 1 year 
post-operatively. They reported no perioperative mortality, but five of their patients 

Table 44.3 Outcomes after minimally invasive diaphragmatic plication (VATS or laparoscopic)

Author, study 
type and data 
collection period

Number 
of 
patients

Follow-up 
period and 
technique

Pre-operative 
values

Post-operative 
values P value

Moroux et al. 
[13] 
prospective 
(1992–2003)

12 1 year
VATs

FVC 1.9 ± 0.8 L
FEV1 
1.4 ± 0.6 L

FVC 
2.47 ± 1.09 L
FEV1 
1.72 ± 0.8 L

0.0001
0.0006

Groth et al. 
[14] 
retrospective 
(2005–2008)

25 1 yeara

Laparoscopic
SGRQ 
59.3 ± 26.8
FVC% 
59.2 ± 11.7
FEV1% 
55.4 ± 12.9
FIFmax% 
93.2 ± 34.1

SGRQ 
30.8 ± 18.8
FVC% 
61.0 ± 10.6
FEV1% 
60.9 ± 10.7
FIFmax% 
115.5 ± 30.9

<0.05
<0.05
<0.05
<0.05

Rombola et al. 
[15] 
retrospective 
(2005–2011)

18 1 year
VATS assisted 
mini- 
thoracotomy

FVC2.0 ± 0.9 L
FEV11.4 ± 0.6 L
PEF 5.0 ± 2.0 L
PIF 3.4 ± 1.2 L

FVC 
2.5 ± 1.1 L
FEV1 
1.8 ± 0.8 L
PEF 
5.7 ± 2.0 L
PIF 
4.0 ± 2.2 L

<0.001
<0.001
0.002
Not 
significant

FEV1 forced expiratory volume in the first second, FVC forced vital capacity, SGRQ St. George 
Respiratory Questionnaire, FIFmax maximum forced inspiratory flow, PEF peak expiratory flow, 
PIF peak inspiratory flow
aResults after excluding data from the patient who resumed smoking
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had postoperative complications (two required non-invasive ventilation, one had a 
small hepatic hematoma, and two had postoperative ileus).

In summary, both open and minimally invasive approaches yield similar clini-
cal and functional results. The complication rates after open plication are reported 
as high as 14.3% in one study [10] and 5.2% in another [12], while in minimally 
invasive plication Groth et al. [14] and Rombola et al. [15] reported that 25% and 
27%, respectively, of their cohorts developed a postoperative complication. In 
contrast, Evman et  al. [11] reported no complications in their cohort of 42 
patients undergoing open diaphragm plication as did Moroux et al. [13] in their 
12 patients who underwent VATS diaphragm plication. The reported complica-
tions are similar in all studies and include (but are not limited to) dyspnea, respi-
ratory failure requiring non-invasive ventilation or endotracheal intubation, 
prolonged drainage, surgical site infections, stroke, and atrial fibrillation. 
Although the complication rates for minimally invasive diaphragm plication 
seem to be higher, these results need to be interpreted with care as these studies 
are retrospective and include different techniques, number of patients, methodol-
ogy, and reporting.

The post-operative length of stay seems to be similar in both types of approach, 
ranging between 2 to 15 days across the studies involving open procedures [8–12] 
and 1 to 15 days in VATs studies [13–15]. However, these results need to be inter-
preted with caution, as the studies looking into outcomes after open plication involve 
more patients and have a more variable follow-up period than those studying the 
outcomes after VATs.

 Conclusions and Recommendations

The results of the aforementioned studies should be interpreted with care, as the 
diagnosis of eventration is often confused with diaphragmatic paralysis. Both open 
and minimally invasive approaches offer similar clinical and spirometric improve-
ment. However, there is no level 1 evidence comparing the approaches. Diaphragmatic 
plication is recommended for symptomatic patients with diaphragmatic eventration, 
as it provides durable improvement in both lung function and symptoms.

Recommendations
• Diaphragmatic plication is indicated in symptomatic patients with dia-

phragm eventration (evidence quality low; weak recommendation).
• Minimally invasive and open techniques have similar outcomes, thus an 

approach with which the surgeon is familiar should be adopted (evidence 
quality low; weak recommendation).
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 A Personal View of the Data

In our opinion, as with diaphragmatic paralysis, respiratory capacity improvement 
is likely to occur following repair of eventration at the abdominal-rib cage level in 
both the operated and contralateral sides, with restoration of synchrony of chest 
wall movements. These dynamic improvements are not captured by simple spirom-
etry [16]. We prefer a thoracoscopic approach to diaphragmatic plication, as mid- 
term and long term results are similar to other approaches, and the potential for 
chronic pain is low in our experience. While VATS and laparoscopic approaches 
have become more popular, a comparative study with open techniques is warranted.
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 Introduction

Airway stents are used in a variety of malignant and benign diseases [1–6]. Their 
use in malignant stenosis has been shown to be effective in multiple studies. Our 
group has previously reported successful palliation of symptoms and improved sur-
vival in patients with malignant airway obstruction who underwent timely airway 
stenting [7]. Use of airway stents in benign airway stenosis remains the subject of 
debate and study. Stents are foreign bodies and long term use frequently results in 
complications ranging from migration, halitosis, granulation tissue formation, stent 
occlusion, stent fracture, need for reintervention, and rarely stent erosion into adja-
cent structures. Complication rates are therefore higher in cases of benign obstruc-
tion as these patients have a much longer life expectancy. Herein, we explore 
published literature as well as our own personal clinical experience to evaluate the 
efficacy of long-term airway stenting for benign airway stenosis.

 Search Strategy

We conducted an electronic-based literature search of English language publica-
tions to identify data on utility of airway stents in benign airway stenosis and its 
long-term outcomes (Table  45.1). Databases searched included Ovid Medline, 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_45&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_45#ESM
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Pubmed, Google Scholar and the Cochrane central register of controlled trials. The 
following medical subject heading terms, keywords and their combinations were 
used: “Benign airway obstruction; Benign airway stenosis; Airway Stent; Silicone 
Stent; Metallic Stent; long term outcomes; complications; prognosis.” Only articles 
that were available as full text articles were included in our review. We also manu-
ally searched the reference lists of relevant studies. We restricted ourselves to litera-
ture published 2010 through 2019 (Table 45.2).

 Results

Several ablative techniques exist that should be utilized as first line treatment for 
benign tracheobronchial stenosis. These include argon plasma coagulation, bipolar 
cautery, radiofrequency ablation, and spray cryotherapy [8–10]. Most ablative tech-
niques are combined with either rigid or balloon dilation, or both. Scarlata et al., and 
Wahidi et al., each reported large patient case series where they experienced success 
with endobronchial ablative techniques [11, 12]. Our group has also published 
encouraging results for spray cryotherapy coupled with tracheobronchial dilation in 
patients with recalcitrant benign tracheal stenosis [13].

When endobronchial ablation is not feasible, however, airway stents can be 
placed to provide rapid resolution of symptoms or protect a critically narrowed 
airway to avoid complete occlusion and significant lung atelectasis [14]. This has 
been validated by multiple studies. Sehgal et al., placed 27 silicone Y stents in 18 
subjects with grade 3–4 obstruction and reported relief of symptoms in all of the 
patients as well as rapid resolution of respiratory failure [5]. Similarly, in another 
study, 32 stenting procedures were done in 23 patients. Technical success was 

Table 45.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients with benign airway 
obstruction or stenosis

Airway stent Dilation
Ablation

Complications
Prognosis
Quality of life

Table 45.2 Evidence regarding the use of airway stents

Category of evidence
Quality of 
evidence

When feasible, endobronchial ablation/repair should be first line therapy for 
benign airway stenosis

Moderate

Metallic stents, though convenient to deploy, have a number of associated 
complications

Moderate

Long term use of airway stents is associated with higher number of 
reinterventions

Moderate

The overall complication rate after metallic airway stent implantation is 
greater with benign conditions than malignant conditions

Moderate

Long term airway stenting may complicate or preclude surgery Low
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described in 96.9% of cases and symptomatic improvement was reported in 90.6% 
[15]. Our group has also reported successful airway patency with significant 
improvements in Medical Research Council (MRC) dyspnea scale and Eastern 
Cooperative Oncology Group (ECOG) score in 50 patients post stenting with no 
procedure related morbidity and mortality [7].

 Silicone Stents

Terra et al., placed 258 silicone stents in 92 patients with benign airway strictures 
[16]. They demonstrated successful decannulation in 21% of the cases that were 
deemed inoperable before stenting. Mean follow-up was 37.4 months with granula-
tion tissue formation (22%) and stent migration (5%) being the most common 
complications.

In another study with less successful outcomes, 50 silicone stents were placed in 
19 patients with tracheobronchial stenosis [17]. Successful stent removal was pos-
sible in 7 patients. There was no procedure related mortality. Complications included 
restenosis (33%) and migration (32%).

Gildea et al., have recently described success with the use of patient specific 3D 
printed silicone stents for benign disease [18]. In their study, these stents were 
placed in two patients with Wegener’s granulomatosis who had not responded to 
systemic therapy and standard endobronchial techniques. They reported shorter 
procedure times and general clinical improvement at 1-year follow-up. Similarly, 
Schweiger et  al., have also described symptomatic improvement with the use of 
customized 3D printed stents in two patients with tracheobronchomalacia [19]. 3D 
customization of stents, while appealing, is not needed or logistically practical in 
most cases.

Despite the fact that silicone stents are relatively inexpensive, potentially retriev-
able, and available in a large number of shapes and sizes, they are more likely to 
migrate and to interfere with mucociliary clearance [20–23]. The need for rigid 
bronchoscopy for deployment also precludes their use in a number of patients and 
limits therapy to operators experienced with this technique [9, 24]. Folch et al. in 
their review describe a higher rate of migration than for metallic stents and the need 
for repeated bronchoscopic procedures [25]. They also describe obstruction from 
accumulated secretions and granulation tissue growth at the proximal and distal 
ends. In addition, silicone stents carry a risk for potential ignition during endobron-
chial treatments (i.e., laser therapy).

 Metallic Stents

Compared to silicone stents, self expanding metallic stents (SEMS) offer a larger 
airway lumen due to their greater internal-to-external diameter ratio [23, 24]. They 
are radio-opaque, allowing easy detection on radiographic films, and have a lower 
rate of migration [23]. In addition, metallic stents may interfere less with 
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mucociliary clearance [23]. They also allow for quick and generally easy placement 
using flexible bronchoscopy, which can be performed under moderate sedation in 
the ambulatory setting. This has popularized their use in both benign and malignant 
disease [21, 23].

However, SEMS are associated with higher rates of granulation tissue formation, 
stent fracture, and bacterial colonization. Vascular and airway erosion are possible 
rare complication [22, 25]. Also important is the fact that uncovered and partially 
covered stents tend to undergo neo-epithelialization [23, 25]. Epithelialized stents 
are difficult or impossible to remove, and removal may cause mucosal tears, bleed-
ing, and re-obstruction [26]. Alazemi et al. described their experience with endo-
scopic removal of 55 metallic airway stents from 46 patients [26]. Eighty percent of 
the stents were placed for benign disorders. Sixty-five percent of the patients had 
high grade airway stenosis with granulation tissue, hence requiring removal of the 
stents. Thirty-eight percent of removals were complicated by significant airway 
obstructions from edema and malacia and required re-stenting with silicone stents.

Lunn et  al. also demonstrated significant complications with stent removal 
including re-obstruction requiring re-stenting (14/25), retained stent pieces (7/25), 
the need for postoperative mechanical ventilation, mucosal tears (4/25), and tension 
pneumothorax (1/25) [27].

 Long Term Use of Airway Stents

Alazemi et  al., describe the high number of interventions in patients undergoing 
airway stenting [26]. Fifty-six percent of the patients required additional interven-
tions to facilitate stent removal. Twenty-nine percent required ablation of granula-
tion tissue with argon plasma coagulation or electrocautery prior to stent removal, 
and 25% required multiple bronchoscopic sessions. They also report an estimated 
median total cost of $10,700 per stent removal encounter, which is likely an under-
estimation. Similarly, Karush et  al., described their experience with 220 silicone 
stents in 40 patients over 13 years [28]. In their cohort, median freedom from rein-
tervention was 104 days. The most common indications for re-intervention included 
mucus accumulation (60%), migration (28%), and intubation (8%).

In 2005, the US Food and Drug Administration (FDA) released a public health 
warning against the use of metallic stents in benign airway disease [29, 30, 32]. 
Reports comparing the outcomes of metallic stents in benign and malignant disease 
have shown a higher rate of complications in the benign group [6]. This may be due 
to the fact that patients with benign disease generally live longer and have a longer 
follow up time during which complications may arise [23, 25].

Chung and colleagues inserted 211 SEMS in 149 patients and observed a signifi-
cantly greater complication rate in patients with benign disease as compared to 
those with malignant disease (42.2% vs. 21.1%) [31]. This included a greater rate of 
granulation tissue formation (19% vs. 10.5%) and stent fracture (16.4% vs. 1.1%). 
Another case series in which 82 SEMS were placed in 35 patients with benign dis-
ease and reported at least one complication in 77% of the patients treated [23].
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Based on some of these concerns, the FDA made the following recommenda-
tions [32]:

• Metallic stents in patients with benign airway disorders should be used only after 
thoroughly exploring all other treatment options.

• Metallic stents should not be used as a bridge to other therapies, as removal of 
metallic stents can result in serious complications.

• If a metallic stent is necessary for a patient, the procedure should be performed 
by a physician trained or experienced in its deployment.

• If removal of a metallic stent is necessary, then the procedure should be per-
formed by a physician trained or experienced in removing them.

Alazemi and colleagues reported a sharp decrease in the number of referrals for 
SEMS related complications in the years following the FDA advisory [26]. However, 
they noted a subsequent rapid increase to levels even higher than those prior to the 
FDA advisory. This reemergence of SEMS for benign disease may be due to misin-
terpretation of a few studies. The survival rates in these studies were extremely low 
for benign disease (51% and 23% at 3 and 6 years respectively). Therefore, these 
cohorts were essentially behaving more like patients with malignant than benign 
airway obstruction.

 Long Term Airway Stenting May Complicate Surgery

Long term stenting may complicate surgical treatment in some cases, especially 
when it extends the lesion to greater than 4–5 cm due to granulation tissue forma-
tion at each end. Also important is the fact that stenting can cause local inflamma-
tion and mucosal injury which may interrupt airway healing after resection and 
anastomosis [25]. In a small study involving 15 patients who underwent SEMS 
insertion for benign disease, granulation tissue and stricture formation were noted 
in areas previously found to be normal before device placement [33]. Of particular 
interest were three patients who were believed to be candidates for surgical therapy 
before airway stenting but could no longer proceed due to the changes in the airway 
induced by the stents. It is therefore important that thoracic surgeons and interven-
tional pulmonologists rule out any surgically resectable disease before proceeding 
with stent placement.

 Conclusions and Recommendations

Stents are an effective treatment for patients with central airway obstruction. They 
allow for rapid resolution of symptoms. However, depending on the underlying dis-
ease, long term complications are common, especially when used for benign obstruc-
tion. For the vast majority of patients, nonmalignant subglottic and tracheal stenosis 
can be managed by endoscopic techniques. Laryngeal suspension and rigid 
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bronchoscopy are ideal access techniques for benign upper airway stenosis. For 
refractory and recurrent lesions, open resection and end to end anastomosis is an 
option, provided the diseased segment is less than 4 cm in length. In situations where 
stenting is deemed necessary, silicone stents are preferred. Fully covered metallic 
stents are not advised as first line therapy for benign disease, however, in exceptional 
cases, they may be utilized for short periods of time at a center experienced in 
advanced endoscopic airway procedures. We strongly recommend stent insertion and 
removal to be performed by trained and experienced physicians at specialized centers.

 A Personal View of the Data

In our experience, the vast majority of benign subglottic and tracheal stenosis can be 
managed by endoscopic techniques using a combination of ablative modalities, espe-
cially spray cryotherapy, coupled with endoscopic balloon dilation. The use of spray 
cryotherapy is superior to conventional heat-based energy modalities due to less scar 
tissue formation, decreased reintervention rates, and ability to treat difficult and recal-
citrant lesions. In addition, cryotherapy helps in scar remodeling and regeneration of 
normal tissue [13, 34–36]. Our preferred access for treatment of benign airway steno-
sis, especially upper airway stenosis, is laryngeal suspension, a technique utilized by 
some head and neck surgeons but in our opinion very important for thoracic surgeons 
to be familiar with. The suspension technique opens up the entire airway for interven-
tion below the vocal cords, akin to a strategic attacking chess move. When the need 
for stenting is felt necessary, silicone stents and/ or T-tubes provide good short-term 
stenting options. Stenting in such situations should be used to maintain patency and to 
temporarily remodel the airway following the use of endoscopic ablative techniques. 
We do not advise the routine use of metal stents, but they are permissible in excep-
tional situations for about 4 weeks and with subsequent removal. Management of 
benign airway stenosis should be performed at centers experienced in the full range of 
endoscopic modalities and with experienced physicians and surgeons experienced in 
the care of these patients at airway centers of excellence.

Recommendations
• For the vast majority of patients, benign subglottic and tracheal stenosis 

can be managed by endoscopic ablative and repair techniques (evidence 
quality moderate, strong recommendation).

• For recalcitrant lesions, open resection and end to end anastomosis is the 
preferred option in short segment tracheal stenosis (evidence quality mod-
erate, strong recommendation)

• For benign diseases, silicone stents are preferred (evidence quality moder-
ate, strong recommendation)

• For long term stenting of benign disease, metal stents are not advised (evi-
dence quality moderate, strong recommendation).
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46Are Engineered Tissues Useful 
for Tracheal Reconstruction?

Brooks V. Udelsman and Harald C. Ott

 Introduction

Most tracheal disorders requiring resection do not affect the entire length of the 
trachea. Resection of short tracheal segments was first reported mid twentieth cen-
tury [1, 2]. Subsequent development of mobilization techniques helped to extend 
the resectable length up to several centimeters [3]. Reconstruction via primary anas-
tomosis to re-establish a patent airway can therefore be performed safely in the 
majority of patients referred to a thoracic surgeon [4]. However, in rare cases, neo-
plasms, iatrogenic injury, and autoimmune disease can involve most of or the entire 
length of the trachea, creating an unmet clinical need for a suitable replacement. 
Over the past century, scientists and surgeons have tried to meet this need by explor-
ing synthetic tracheal prosthesis, tracheal transplantation, tracheal replacement with 
biomaterials, tracheal replacement with autologous tissue, and tissue engineered 
tracheal grafts [5, 6]. This chapter focuses on outcomes of tissue engineered 
implants for tracheal reconstruction.

 Search Strategy

We searched Pubmed for articles published from January 2000 to September 2019 
for the key words “tracheal replacement” or “tracheal substitute” or “tracheal regen-
eration” or “tracheal tissue engineering” or “tracheal transplantation”. We included 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_46&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_46#ESM
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only studies in which patients underwent circumferential or near-circumferential 
(>270°) replacement of the trachea (Table 46.1). We excluded animal model and 
non-clinical studies. We limited our search to publications in English language and 
excluded abstracts, conference presentations, editorials, and expert opinions. We 
included reviews in which new patient information was reported and excluded all 
retracted articles from our analysis.

 Results

An initial search using pre-specified criteria identified 2554 articles. After exclud-
ing articles that described solely pre-clinical, animal, or non-circumferential repairs 
this number was reduced to 25. An additional two articles were excluded due to 
retraction. Among the remaining 23 articles only 5 employed a tissue engineering 
approach. In contrast, the other 18 articles employed allotransplantation, autologous 
tissue, or bioprosthetics reconstruction of the trachea, which will be discussed sepa-
rately. We included two articles that we view with skepticism given revelations of 
academic misconduct on the part of the senior author [7, 8]. In all of these reports 
on tracheal reconstruction, publications have been limited to single case reports or 
case series. To date, there have been no randomized controlled trials or high- 
powered observational or cohort studies, and the quality of evidence ranges from 
low to very low.

 Tracheal Tissue Engineering

Tissue engineering is an attractive methodology to provide a solution to organ and 
tissue shortage. Conceptually, tissue engineering most commonly involves the 
implantation of a biodegradable scaffold seeded with harvested host cells. After 
culture in a bioreactor or after direct implantation in the host, a population of stem 
cells within the seeded cells either differentiates into mature cells or recruits and 
organizes circulating or adjacent host cells [9]. In either case, this process theoreti-
cally leads to repopulation of the graft and replacement of the biodegradable scaf-
fold through deposition of a new extracellular matrix.

This methodology has captured public imagination since its description by 
Langer and Vacanti [10]. In particular, a tissue engineering approach has enor-
mous potential in pediatric populations, as mature grafts may have the ability to 

Table 46.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients with 
long-segment tracheal 
defects not amenable 
to primary repair

Tissue engineered 
tracheal 
reconstruction

Tracheal allotransplantation, 
autologous tissue 
reconstruction, bioprosthetic 
reconstruction

Morbidity 
and mortality
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grow with the child into adulthood and spare such patients initial size-mismatch 
or subsequent reoperation. Tissue engineering has shown some promise in bladder 
reconstruction and in vascular grafts, but widespread clinical adoption remains 
limited [11, 12].

Unfortunately, the field of tracheal tissue engineering has been mired by contro-
versy and scientific misconduct. Several reports highlighted the successful clinical 
translation of a tissue engineering approach [13–15]. However, over the last 5 years 
it has become clear that the reported success of this technique was overstated and 
many of the patients who underwent these procedures developed devastating com-
plications [7, 16–19].

In separate reports, two pediatric patients have undergone treatment with tissue 
engineered tracheal conduits to repair complications of severe congenital airway 
defects [20–22]. The first patient developed a tracheal aortic fistula as a results of 
recurrent stenting procedures. For this patient, a suspension of cells isolated from 
bone-marrow aspirate were used to seed a cadaveric tracheal homograft. The tra-
cheal rings of the graft were also injected with tissue transforming growth factor 
beta and the entire construct soaked in human recombinant erythropoietin and 
granulocyte colony stimulating factor prior to implantation [20]. Post-operatively 
the patient required multiple stenting and bronchoscopic procedures, especially 
within the first year of implantation; however, the graft remained patent with evi-
dence of a ciliated epithelial cell layer in the last reported follow-up at four 
years [21].

In 2012, a second pediatric patient with multiple congenital abnormalities of the 
airway and multiple prior interventions underwent treatment with a tissue engi-
neered tracheal conduit [22]. A decellularized cadaveric tracheal graft was seeded 
over a period of 48 h in a bioreactor with expanded bone marrow-derived mesen-
chymal stromal cells as well as autologous respiratory epithelial cell obtained from 
mucosal biopsies of the nasal septum. The graft was supported by a stent, but with-
out a pedicled tissue buttress. While the initial postoperative course was uncompli-
cated, the patient deteriorated on post-operative day 15 and suffered a prolonged 
respiratory arrest secondary to airway collapse. This episode was associated with 
severe hypoxic brain injury and the patient died shortly thereafter.

 Alternatives to Tissue Engineering in Tracheal Repair

Alternative methods of tracheal reconstruction have been reported including tra-
cheal allotransplantation, autologous tissue reconstruction, and bioprosthetic repair. 
Each methodology is associated with its own unique advantages and drawbacks 
which are compared to tissue engineering in Table 46.2. It is important to state that 
treatment with radiotherapy alone remains a viable albeit not ideal alternative for 
patients with adenoid cystic carcinoma and squamous cell carcinoma of the trachea. 
To date, there has been no randomized controlled trials or direct comparisons 
between these various methods and the quality of evidence is low to very low. A 
brief description of each methodology is provided below.
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 Tracheal Allotransplantation
Tracheal allotransplantation has been challenging due to the segmental blood sup-
ply of the trachea, which makes a traditional vascular anastomosis and single stage 
transplant ineffective [23]. Delaere et  al. have sought to overcome these issues 
through a two-stage procedure, in which the donor trachea is implanted in the fore-
arm of the recipient after being wrapped in a fasciocutaneous flap perfused by a 
radial vascular pedicle [24]. During this time the recipient is placed on immunosup-
pressants while revascularization occurs through ingrowth of recipient vessels. 
After sufficient ingrowth, the tracheal allograft along with the perfusing vascular 
pedicle can be explanted and implanted in the orthotopic position, while the blood 
supply is reestablished by anastomosis of the pedicle to the superior thyroid artery 
and internal jugular vein.

Two stage tracheal allotransplantation has been performed in 6 patients to date 
[17, 24]. The primary complications have been graft rejection leading to partial loss 
of the allograft in three patients. Over time, the reported technique has evolved to 
promote donor repopulation of the mucosa and prevent stricture. Eventually, graft- 
chimerism may be achieved allowing for withdrawal of immunosuppressants [17, 
25, 26].

 Autologous Tissue Reconstruction
Autologous tissue reconstruction relies on a well perfused pedicled graft which can 
be tubularized into a neotrachea [27–30]. These grafts may be supported by stenting 
or through implantation of cartilaginous rings harvested and fashioned from costal 
cartilage. Fabre et al. reported the largest series using this technique, which included 
12 patients [29]. Modified versions of this technique have been utilized by two other 
independent groups in three additional patients [31, 32] .

The results of autologous repair have been mixed. There is generally a need for 
at least short-term stenting and it is not possible to regenerate airway epithelium, 
thus the mucociliary escalator is lost. In the series reported by Fabre et al., 58% 
developed acute respiratory distress syndrome and two patients were tracheostomy 
dependent. A possible solution is described by Olias et al., who harvest oral muco-
sal grafts to line the lumen of their neo-tracheas, which may provide some mucocili-
ary function. Unfortunately, this requires a staged procedure and is associated with 
donor site morbidity [28].

 Bioprosthetic Reconstruction
Between 2001 and 2019, aortic interpositional homografts and acellular dermal 
matrix have been used in circumferential repairs by 5 different groups of investiga-
tors in 14 individual patients [33–39]. The largest study involved 6 patients, in 
which homografts that were supported internally by a stent and externally by a 
muscle flap buttress were used to reconstruct the airway in patients with large muco-
epidermoid and adenoid cystic carcinomas [35, 37]. Long-term stenting was 
required in 80% and half encountered major complications such as anastomotic 
dehiscence, sternal dehiscence, and fungal infection of the graft.

B. V. Udelsman and H. C. Ott
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More recently, Martinod et al. have reported tracheal repair in five patients with 
benign laryngeal tracheal stenosis through aortic homograft reconstruction sup-
ported by Nitinol stents and buttressed with strap muscle [38, 40]. Importantly, 
Martinod preserved the membranous portion of the native trachea in their repair. 
The authors proposed an “in vivo tissue engineering” mechanism in which retained 
growth and angiogenic factors within the donor extracellular matrix are released 
and lead to the migration, proliferation, and differentiation of host cells [38]. In 
long-term follow-up ranging from 9 months to 7 years all patients remain alive and 
three have had stents removed.

 Conclusions and Recommendations

Tissue engineered tracheal grafts have been associated with significant mortality 
and morbidity in translation to clinical practice. When possible, primary tracheal 
resection and reconstruction is the safest form of repair. In rare cases of tracheal 
pathology that precludes primary repair, allotransplantation, autologous tissue 
reconstruction, and bioprosthetic repair are viable options and associated with less 
morbidity and mortality than tissue engineered approaches. The overall quality of 
evidence remains low and is based on limited case series and case reports.

 A Personal View of the Data

Attempts to replace lost human tissue with synthetic material have been made since 
the early days of medicine and surgery. In some applications, such as heart valve or 
joint prostheses, this approach has been very successful. However, three inherent 
characteristics of the native trachea make it a particularly challenging application: 
(1) it is in contact with the outside world; (2) it requires excellent blood supply; and 
(3) it resists the native universal proclivity of most tissues to close a space or orifice. 
In areas where implanted grafts or devices come in contact with the outside world, 
colonization and subsequent infection are major limiting factors. Once colonized, a 
biofilm establishes itself that provides a constant source of reinfection and necessi-
tates graft removal in most cases. Tissue engineering, the concept of creating a liv-
ing graft that fully integrates in the host similar to a donor organ, could theoretically 
solve this problem and enable the host’s immune system together with the graft’s 
inherent barrier function to protect the implant and maintain intricate mechanical 
properties [10]. In order to do so, any tissue graft of relevant scale would have to be 
perfused by the recipient’s cardiovascular system. However, to date, no tissue 

Recommendation
• We recommend against the use of tissue engineered trachea for tracheal 

reconstruction (quality of evidence low; strong recommendation).
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engineering approach has enabled the formation of perfusable tissue, i.e. tissue with 
intact vasculature [41]. In fact, NASA is currently conducting a Centennial 
Challenge to increase awareness of this unmet need, and supports research to gener-
ate a 1 × 1 cm sized section of perfusable living tissue [42]. As surgeons we learned 
that transplantation of a living tissue graft thicker than 0.2  mm will require an 
immediate blood supply or lead to devastating failure. We also learned that implant-
ing a foreign material without tissue coverage and in contact with the outside world 
will lead to failure. Unfortunately, until technologies are developed that enable the 
formation of viable, mature (barrier and mechanical stability), and perfusable tissue 
grafts, we have no option but to continue to use established techniques to treat 
patients with tracheal disorders.
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 Introduction

Like all cancer operations, the success of tracheal resection for malignancy is mea-
sured by its completeness. An in-depth pathological characterization of the most 
common primary tracheal tumors demonstrated that positive margins, lymphatic 
invasion and tumor extension into the thyroid gland in squamous cell carcinoma 
(SCC) and positive margins, extramural disease, perineural invasion and positive 
lymph nodes in adenoid cystic carcinoma (ACC) predicted poor long-term progno-
sis [1, 2]. The presence of positive margins on frozen section requires removal of 
additional tissue and real-time examination of new margins with additional resec-
tion until cancer-free margins are achieved, if possible. Superseding this principle, 
however, is the central tenet of tracheal surgery—airway reconstruction must be 
completed as a low tension, well-vascularized anastomosis. Anatomic features of 
the trachea, such as its finite length, segmental blood supply, and need to function 
as a semi-rigid conduit between two relatively fixed points, limit the amount of 
trachea that can be safely resected and reconstructed. In the hands of an experienced 
airway surgeon, on average one-half the length of the upper trachea (~4.5 cm) can 
be excised while leaving enough native trachea for safe reconstruction [3].

Well-differentiated indolent primary tracheal tumors such as ACC have a pro-
pensity for circumferential or longitudinal submucosal extension beyond the gross 
tumor borders, which results in a high rate of positive surgical margins and late 
recurrence after tracheal resection [4, 5]. In ACC, particular attention should be paid 
to the type of positive margin, since grossly positive tracheal margins negatively 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_47&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_47#ESM
mailto:mlmadariaga@bsd.uchicago.edu
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impact survival within 5 years whereas microscopically positive tracheal margins 
negatively impact survival only after 15 years [1]. In these cases, positive resection 
margin status must be balanced with the ability to perform a tension-free anastomo-
sis. Here we review and discuss the literature regarding the management of positive 
margins after resection of primary tracheal tumors, with an emphasis on SCC and 
ACC, as the rarity of more low-grade tracheal malignancies such as mucoepider-
moid carcinoma and carcinoid has precluded their evaluation in a data-driven manner.

 Search Strategy

To identify the highest quality literature addressing the optimal management of 
positive margins during the resection of primary tracheal tumors, we performed a 
PubMed search of English language publications with abstracts involving human 
subjects from 1999 to 2019. Select high-impact studies published prior to 1999 
were included if they were frequently cited by recent literature. Search terms 
included “primary tracheal tumor” AND “resection” AND (“positive margins” OR 
“incomplete resection” OR “adjuvant therapy”) (Table 47.1). References from topi-
cal reviews published within the last 2 years were mined for relevant studies that 
were missed by our database search. Case reports and editorials were excluded to 
isolate higher quality data. The resulting original research publications were criti-
cally assessed and classified using the GRADE system.

 Results

 Description of Published Data

The gold standard for treatment of tracheal tumors is complete resection, which 
provides superior long-term survival and functional outcomes compared to defini-
tive radiation [6]. Because under-treatment of these infrequently encountered 
tumors can be as high 32%, patients should undergo a multidisciplinary evaluation 
at a major center before concluding that a patient has unresectable disease [7]. Good 
survival and disease progression outcomes have been described with the addition of 
adjuvant radiation therapy (RT) after complete or incomplete tracheal resection, but 
the data is not robust. Available data are derived largely from institutional series and 
retrospective analyses that suffer from inherent selection bias (Table 47.2) [8–16]. 

Table 47.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcome)
Primary tracheal tumors (e.g. 
SCC, ACC)

Adjuvant radiation or 
chemotherapy

Surgery alone Survival
Recurrence
Complications

SCC squamous cell carcinoma, ACC adenoid cystic carcinoma

P. W. Furlow and M. L. L. Madariaga
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Several studies span long time periods such that improvements in surgical tech-
nique, perioperative care and radiation regimens need to be considered. In addition, 
many studies fail to assess the effect of adjuvant RT across different histologies 
(ACC versus SCC) and resection margin status (R0, R1, R2).

 Historical Base of Knowledge

Several key early studies provided the first look at long-term results for patients 
with resected primary tracheal tumors. These studies challenged the assumption 
that an R0 resection was required and introduced the idea that postoperative RT 
could help achieve local control and prolong survival. The summary of their find-
ings are listed here:

• In patients with SCC, positive lymph nodes or invasive tumor at the margin was 
associated with decreased survival compared to negative lymph nodes and nega-
tive or in situ disease at the margin [4, 5, 8].

• In patients with ACC, positive margins or positive lymph nodes appeared to have 
little effect on survival [4, 5, 8].

• Postoperative RT was recommended for patients in whom surgical margins were 
close, when microscopic tumor was found at the margin or in the lymph nodes, 
or in patients with ACC since this histologic type extends for long distances 
along the nerves and submucosa [4, 5, 8–11].

• Most patients with SCC would likely undergo adjuvant RT given the close mar-
gins inherent in tracheal surgery [4, 5, 8, 10, 11].

 Recent Retrospective Analyses

Out of 38 English-language papers found from 1999 to 2019 using search terms 
“primary tracheal tumor” AND “resection” AND (“positive margins” OR “incom-
plete resection” OR “adjuvant therapy”) on Pubmed, 12 were deemed appropriate 
as part of this review. Due to the limited number of studies addressing this topic, we 
included five papers published before 1999 that were recurrently referenced in 
recent reports. Most recent studies are retrospective and continue to show superior 
outcomes in patients who undergo surgical resection as the primary mode of ther-
apy. Comparable survival outcomes between patients who undergo resection and 
patients who undergo resection with adjuvant RT indicate that adjuvant RT can 
provide “rescue” to patients with positive margins.

In a study of 20 patients with ACC who underwent resection from a single insti-
tution in Germany from 1991 to 2017 [12], 45% of patients had R0 resections and 
55% of patients had incomplete (R1, R2) resections. Adjuvant RT was administered 
to all patients who had incomplete resections and to two patients who had R0 resec-
tions but close margins. Survival between patients who underwent surgery alone 
versus patients who underwent surgery and adjuvant RT was comparable (5-year 
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survival 100% versus 84%; 10-year survival 80% versus 84%). At 10 years, none of 
the patients who underwent surgery or surgery and radiation had local progression, 
and the incidence of distant disease progression was 35–40%. The authors also 
found no survival difference between complete and incomplete resections; however, 
the effect of adjuvant RT on patients with positive margins could not be examined 
as all patients with incomplete resections received RT.

In a retrospective epidemiological study looking at all patients with primary tra-
cheal cancer in the Netherlands Cancer Registry between 1989 and 2002, 11.6% of 
312 patients underwent surgical resection as primary treatment and two-thirds of 
these patients were given postoperative RT. Surgery provided a significant increase 
in overall survival at 5- and 10-years compared to patients who underwent no treat-
ment or radiotherapy alone. Because adjuvant RT was used selectively in patients 
based on tumor stage and surgical margin status, outcome differences between 
patients who received postoperative RT and surgery alone were not possible to 
determine [13].

In a retrospective analysis of 48 patients who underwent surgery for ACC from 
four institutions in China from 1995 to 2012 [14], 11 had R0 resections and required 
no further therapy, 24 had incomplete resections and underwent adjuvant RT, and 13 
had incomplete resections and did not undergo further therapy. Half of the patients 
(12/24) who had incomplete resections and underwent adjuvant RT also received 
adjuvant chemotherapy. There was no significant difference in survival between 
patients who had complete versus incomplete resections (median overall survival 
121 versus 119 months, p = 0.829; median disease-free survival 98 versus 84 months, 
p  =  0.683). In patients with incomplete resections, adjuvant RT significantly 
improved median disease-free survival (92 versus 62 months, p = 0.027) and median 
overall survival (125 versus 78 months, p = 0.004). The outcomes of patients with 
incomplete resections and adjuvant RT were comparable to patients who underwent 
complete resections. The addition of chemotherapy to the adjuvant regimen did not 
impact survival.

 An Attempt to Utilize Big Data

Two large database studies employed statistical methods to compensate for selec-
tion bias and address the question of whether adjuvant RT improves survival of 
patients with primary tracheal tumors. Matched-pair analysis of the Surveillance, 
Epidemiology and End Results (SEER) database from 1988 to 2007 was performed 
using 48 patient pairs matched for type of surgery, disease extent, histology and 
gender [15]. There was a non-significant increase in median survival and overall 
survival among the 48 patients who underwent surgery and adjuvant RT compared 
to control patients who underwent surgery alone. Of note, 44 of the 48 patients 
undergoing surgery in each group underwent “subtotal” resection, defined as “local 
tumor destruction” or “local tumor excision” or “simple or partial surgical removal” 
or “debulking”. In subset analyses, adjuvant RT conferred a significant survival 
advantage in patients with SCC (5-year survival 58.2% versus 6.7%; p = 0.0003). 
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There was no information about the resection margin status in this study. Propensity- 
score matching of 549 patients in the National Cancer Database from 2004 to 2014 
who underwent resection of primary tracheal tumors with or without adjuvant RT 
found that adjuvant RT was not associated with increased survival and that patients 
with ACC histology and positive margins were significantly more likely to have 
received postoperative RT [16].

 Conclusions and Recommendations

There are no prospective, randomized trials concerning the management of SCC 
and ACC of the trachea. When making recommendations, we consider that (A) 
complete resection is limited by anastomotic tension and (B) adjuvant RT to the 
tracheal anastomosis can be done safely. As it stands, the data show that adjuvant 
RT may increase, but does not appear to decrease, survival among patients with 
positive margins. Given the tumor biology, constraints of the operation, and risk for 
long-term recurrence, we recommend that adjuvant RT should be given to patients 
with primary tracheal tumors after incomplete resection or in the presence of high- 
risk pathological features such as lymphatic or perineural invasion, extra-capsular 
extension, or advanced tumor stage. In addition, adjuvant RT can be considered in 
patients with complete resection and ACC or SCC histology.

 A Personal View of the Data

Complete R0 resection is the gold standard treatment for primary tracheal tumors, 
and airway surgeons should be well-versed in techniques allowing for extended 
resection of the trachea when needed. In patients with positive margins after maxi-
mal safe tracheal resection, the available data is exclusively retrospective, but sug-
gests that adjuvant RT provides a survival benefit, especially for patients with 
higher-grade cancers such as SCC. ACCs, while more indolent, do tend to recur late 
and may also benefit from adjuvant therapy, although the available data is mixed. 
High-risk pathological features that question the completeness of surgical resection 
should prompt consideration of adjuvant RT to maximize local control. There is no 
evidence that adjuvant chemotherapy provides benefit. Randomized prospective 
studies to support these clinical recommendations with more certainty will remain 
difficult to perform given the rarity of primary tracheal tumors.

Recommendation
• Adjuvant RT should be given after incomplete resection of primary tra-

cheal tumors or in the presence of high-risk pathological features such as 
lymphatic or perineural invasion, extra-capsular extension, or advanced 
tumor stage (evidence quality moderate; strong recommendation).
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48Optimal Management of Posttransplant 
Bronchial Stenosis: Stenting 
or Reoperation

Lucas Hoyos Mejia and Andres Varela de Ugarte

 Introduction

Airway complication (AC) is a significant cause of morbidity and mortality after 
pulmonary transplantation. The rate of related mortality is 2–4%, and as recently 
reported by Hayanga et  al. [1], the presence of AC is associated with an almost 
three-fold increased risk of death and a more than 30% reduction in long-term sur-
vival. Moreover, AC leads to increased costs, more significant morbidity, and 
decreased quality of life [2]. The reported incidence of AC varies greatly, mostly 
because of the lack of a standardized classification system, ranging from 1.6% to 
33%. However, recent publications report institutional rates of 11–14.5% [3–5], 
while Hayanga et al. [1] reported a data base analysis with a rate of 1.4%. Most 
experts agree that the rate of AC is currently around 15%. Bronchial stenosis is the 
most common AC with an incidence between 1.6% and 32% [6–10]. This chapter 
explores treatment options for this condition.

 Search Strategy

A literature search of English language publications from 1990 to 2018 was used to 
identity published data on AC after lung transplant focused on airway stenosis and 
therapy alternatives. Databases searched were PubMed, Embase, Science Citation 
Index/Social Sciences, Citation Index, and Cochrane Evidence Based Medicine. 
Terms used in the search were: lung transplantation; bronchoscopy; airway stenting; 
bronchial stenting; bronchial stenosis; anastomotic complications; silicone stents; 
self-expandable metallic stents (Table 48.1). Only articles relevant to the original 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_48&domain=pdf
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question were included on this analysis. However, there are no randomized, con-
trolled trials examining this issue, and the best available evidence is from case series 
and expert opinion. Twenty observational retrospective series and four review arti-
cles were included in our analysis. The data was classified using the GRADE system.

 Results

 Background

Two patterns of bronchial stenosis have been described. The most common is cen-
tral airway stenosis (CAS), located at the anastomotic line or within 2 cm of it, with 
an estimated incidence of 12–40% [9, 10]. The second pattern is non-anastomotic 
related stenosis called distal anastomosis stenosis (DAS), which develops distally to 
the suture line and can extend to segmental and subsegmental bronchi, with an inci-
dence 2–4% [11, 12]. A common DAS involves the bronchus intermedius, of which 
the most devastating form is Vanishing Bronchus Intermedius Syndrome (VBIS), 
which can lead to complete stenosis of the airway. It occurs in about 2% of patients 
and is associated with high morbidity and mortality with a mean survival of 
25 months after diagnosis [11].

Although bronchial stenosis may occur without an underlying cause, some risk 
factors are well known, such as extensive necrosis, dehiscence, infection, and bacte-
rial infection, especially Actinomyces and Pseudomonas aeruginosa [9]. As for fun-
gus, Aspergillus species [7, 9, 13] are the most frequently encountered. The surgical 
technique of telescoping the anastomosis increases the risk of bronchial stenosis 
[14, 15]. Early rejection recently has been described as a risk factor [8, 9, 11], as has 
the use of sirolimus for immunosuppression. A summary of factors thought to be 
related to AC is listed in Table 48.2 [1, 5, 13, 16–23].

Because of the variety and complexity of the AC, none of the classification sys-
tems presented in the past provided an integrated schema or were universally 
accepted [4, 9, 24–26]. Recent efforts of the ISHTL workgroup to tackle this 

Table 48.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Lung transplant with 
symptomatic bronchial stenosis

Balloon dilation No treatment Symptom relief
Morbidity
Mortality

Lung transplant with 
symptomatic bronchial stenosis

Metal stenting No treatment Symptom relief
Morbidity
Mortality

Lung transplant with 
symptomatic bronchial stenosis

Silicon stenting No treatment OR 
other treatments

Symptom relief
Morbidity
Mortality

Lung transplant with 
symptomatic bronchial stenosis

Surgery No treatment OR 
other treatments

Symptom relief
Morbidity
Mortality

L. Hoyos Mejia and A. Varela de Ugarte
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Table 48.2 Risk factors for airway complications 

Group Risk factor Comments
Author, year 
(reference)

Donor 
factors

Height 
mismatch

Probably more related to bronchus diameter 
than the TLC itself
Donor over 170 cm

Van de Wauwer 
(2007) [16]
Yserbyt (2015) 
[5]

Smoking 
history

No information regarding the amount Hayanga (2016) 
[1]

Prolong MV Over 50 h of MV Van de Wauwer 
(2007) [16]

CMV 
infection

Mismatching Hayanga (2016) 
[1]

Recipient 
factors

PGD G3 Recent evidence supports the conjunction of 
hypoxemia and high ventilation pressure 
needed, rather than PGD itself [7]

Ruttman (2005) 
[17]

Acute 
rejection

Within the first year of transplant Castleberry 
(2013) [18]

Prolong MV Questions regarding duration, plateaus, and 
PEEP pressure still unanswered

Alvarez (2001) 
[19]

Age Over 54 years of age, cumulative risk
Hazard ratio 1.08 per year

Yserbyt (2015) 
[5]

Gender Male greater risk than female Hayanga (2016) 
[1]

Laterality Right side Yserbyt (2015) 
[5]

Infections Preoperative:
Colonization with Aspergillus fumigatus or 
Pseudomonas cepacia
Postoperative:
Any infection during first 3 months
Haemophilus spp.
Aspergillus spp.

De Pablo (2005) 
[20]
Herrera (2001) 
[21]
Yserbyt (2015) 
[5]
Felton (2012) 
[13]

In hospital 
treatment

Pretransplant ICU care
Posttransplant in hospital treatment

Hayanga (2016) 
[1]

Diagnosis COPD—recent reports suggest emphysema 
patients are not at increased risk
IPF—controversial as a risk factor
Diagnoses other than COPD and IPF are 
strongly supported as a risk factor

Van de Wauwer 
(2007) [16]
Hayanga (2016) 
[1]

Sirolimus King-Biggs 
(2003) [22]
Groetzner 
(2004) [23]

TLC total lung capacity, MV mechanical ventilation, ICU intensive care unit, COPD chronic 
obstructive pulmonary disease, IPF idiopathic pulmonary fibrosis
Modified after: Varela A, Hoyos L, Romero A, Campo-Cañaveral JL, Crowley S. Management of 
bronchial complications after lung transplantation and sequelae. Thorac Surg Clin. 2018;28:365–75 [29]
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problem resulted in a grading scheme intended to provide a unified system of assess-
ment and measurement that allows for a standardized description of endoscopic 
changes as the airways evolve through the early and late stages of healing [27] 
(Table 48.3). The findings are categorized based on bronchoscopic findings within 
the first 2 weeks after lung transplant and the trajectory of changes over time.

 Treatment Strategies

 Dilation
Bronchial stenosis is defined as a fixed reduction in the caliber of the airway. When 
stenosis occurs at an anastomosis, it is based on the caliber of the distal airway to 
differentiate a pathologic stenosis from a simple size mismatch between donor and 
recipient airways. The narrowing usually presents between 2 to 9  months after 

Table 48.3 ISHLT adult and pediatric airway complications after lung transplantation (proposed 
grading system)

Necrosis and Ischemia 
(I)

Location (a) Perianastomosis—within 1 cm of the anastomosis

(b) Extending >1 cm from anastomosis to major airway ()
(c)  Extending >1 cm from anastomosis into lobar or 

segmental
Extent (a) <50% circumferential

(b) >50–100% circumferential
(a) <50% circumferential necrosis
(b) >50–100% circumferential necrosis

Dehiscence (D) Location (a) Cartilaginous
(b) Membranous
(c) Both

Extent (a) 0–25% of circumference
(b) >25–50% circumference
(c) >50–75% circumference
(d) >75% circumference

Stenosis (S) Location (a) Anastomosis
(b) Anastomosis plus lobar/segmental
(c) Lobar or segmental only

Extent (a) 0–25% of reduction in cross-sectional area
(b) >25–50% of reduction in cross-sectional area
(c) >50% but <100% of reduction in cross-sectional area
(d) 100% obstruction

Malacia (M) Location (a) Perianastomotica—within 1 cm of the anastomosis
(b)  Diffuse—involving the anastomosis and extending 

beyond 1 cm

Crespo MM, Mccarthy DP, Hopkins PM, Clark SC, Budev M, Bermudez CA, et  al. ISHLT 
Consensus Statement on adult and pediatric airway complications after lung transplanta-
tion: Definitions, grading system, and therapeutics. J Heart Lung Transplant. 2019;37:548–63 [27]
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transplant [28] but could happen even years later. Asymptomatic patients are fre-
quently diagnosed during a surveillance bronchoscopy. Symptomatic patients may 
present with dyspnea, cough, wheezing, postobstructive pneumonia, or declining 
flow rates on spirometry [6, 28, 29]. Flexible bronchoscopy is the gold standard for 
diagnosis. CT can achieve additional information about the exact location, length of 
the structure, and the patency of the distal airway with multiplanar reconstruction, 
which is useful for intervention planning [7, 30]. Asymptomatic and mild bronchial 
stenosis can be managed conservatively with radiological and endoscopic follow-
 up. Patients with lumen narrowing >50% or who have clinical symptoms are con-
sidered as having a severe narrowing, and multidisciplinary evaluation for treatment 
is recommended.

Despite the high prevalence of this complication, there have been no random-
ized, controlled trials examining the treatment of post-transplant stenosis, and the 
best available evidence is from case series and expert opinion. Here we present 
some of the alternative therapies available and their primary indications (Table 48.4) 
[9, 10, 14, 15, 19, 31–42].

Often the initial step in management can be accomplished by endoscopic balloon 
bronchoplasty, with a rigid scope, or using a bougie. Balloon bronchoplasty is, by 
far, the most common procedure and it is recommended as the first option [9, 14, 32, 

Table 48.4 Bronchial stenosis incidence and endobronchial treatment options

Author Year Pt RA BS % Type BD Stent TYPE SX%
Colquhoun [31] 1994 67 75 5 6,7 1 CAS

4 DAS
N/A 3 Silicon N/A

Alvarez [19] 2001 101 151 4 2,6 CAS 2 1 Metal N/A
Chhajed [32] 2001 312 N/A 31 CAS 31 26 Metal 100
Burns [33] 2002 431 N/A 13 CAS 13 13 Metal 100
De Gracia [34] 2006 152 284 10 3,5 6 DAS

4 CAS
10 5 Metal 86

Kapoor [35] 2007 25 N/A 15 CAS N/A 22 Metal 85
Murthy [15] 2007 272 N/A 67 N/A 29 13 Not stated N/A
Thistlethwaite 
[9]

2008 240 348 22 6,3 17 CAS
5 DAS

11 22 Silicon 90

Gottlieb [36] 2009 706 1275 65 5,1 N/A N/A 65 Metal 80
Dutau [37] 2009 117 221 15 6,8 CAS N/A 15 Silicon 100
Samano [14] 2009 71 107 4 3,7 CAS 2 4 Metal 100
Lischke [38] 2010 80 110 7 6,4 CAS 7 6 PDS 100
Fernandez- 
Bussy [39]

2011 223 345 52 15,1 CAS 2 47 Covered 
metal

100

Sundset [40] 2012 279 470 35 7,4 N/A 6 27 Silicon 100
Redmond [10] 2013 N/A N/A 22 CAS N/A 22 Metal N/A
Abdel-Rahman 
[41]

2013 435 503 60 11,9 CAS N/A 60 Metal 95

Mazzetta [42] 2019 160 310 22 7,1 CAS 22 9 Silicon 100

Pt number of patients, RA number of at risk anastomoses, BS bronchial stenosis, CAS central air-
way stenosis, DAS distal airway stenosis, N/A no data, BD bronchial dilation or balloon dilation, 
SX% percent of patients with symptom relief after therapy, PDS polydioxanone
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34, 39, 42, 44], particularly in the presence of inflamed tissue prior to the develop-
ment of a fibrotic strictures [35, 43]. It is a quick and safe method that can be per-
formed with flexible bronchoscopy under conscious sedation. An excellent palliative 
outcome, notably in mild stenosis, is characterized by immediate improvement of 
symptoms in the majority of patients. Moreover, up to 26% of lung transplant recip-
ients with airway stenosis may not need a stent placement following balloon dila-
tion [13, 14, 32], although in most cases more than one procedure is needed, with 
the recommendation of at least two attempts prior to considering stent placement 
[32, 34, 42]. Other endobronchial techniques such as cryoablation, electrocautery, 
or laser can be performed individually or added to the balloon technique, particu-
larly in the presence of scar tissue. Patients are often selected for various treatment 
approaches based on the appearance and location of the airway stenosis, as well as 
local availability of techniques and expertise [6, 27, 29].

 Stenting
Stent placement is reserved for severe and refractory stenosis, (i.e., if more than two 
dilations a month are needed, with clear symptomatic improvement). This tech-
nique has been traditionally related to a rate of complications as high as 50% [31, 
32, 35, 41].

Several stenting techniques are available. Self-expanding metallic stents (SEMS) 
were historically more frequently used in this kind of patient, but the FDA pub-
lished a health advisory in 2005 discouraging their use in benign airway disorders 
because of the high rate of complications, especially their tendency to induce granu-
lation tissue formation and their difficulty of removal [33, 37, 40]. Nevertheless, 
recent studies have demonstrated their long term safety [41]. SEMS can be placed 
under conscious sedation using flexible bronchoscopy and provide immediate relief 
and functional improvement in a high percentage of patients. Furthermore, the 
larger internal to external diameter ratio makes them less likely to migrate and 
reduces mucus plugging.

However, complications related to SEMS are not uncommon. Bacterial and fun-
gal colonization have been described in a high percentage of patients [7, 11, 15, 37], 
but their main problem is the formation of granulation tissue, which may lead to 
re-stenosis and makes them difficult to remove. Granulation tissue develops over 
the ends of the stent and incorporates the stent within the airway wall 3–6 weeks 
after stent placement. Thus, stents should be removed or exchanged before becom-
ing incorporated into the mucosa [10, 28]. In addition, erosion of airways, fracture 
due to metal fatigue, and fatal hemoptysis due to bronchovascular fistulas have also 
been described [10, 15, 28, 44], although these complications have decreased with 
newer generations of SEMS.

Silicone stents are currently preferred for management of nonmalignant airway 
stenosis. Some advantages include the ease of deployment, their flexibility, the abil-
ity to be modified and customized, and lower rates of granulation tissue formation, 
which makes them easier to remove. Their placement requires the use of rigid bron-
choscopy under general anesthesia, and complications include their tendency to 
migrate (which is often the main drawback of this type of stent), obstruction by 
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secretions due to their thick walls and narrow lumens, and less commonly, granula-
tion tissue formation [9, 10, 28, 37, 41].

Hybrid stents have also been described for use in airway complications in lung 
transplant patients. Gildea et al. published their experience with the Polyflex stent 
(Boston scientific; Boston, MA), a self-expanding silicone stent, in 12 lung trans-
plant recipients with anastomotic stenosis. However, the results were less than 
desirable, with a migration rate of 100% [45].

Biodegradable stents have been recently introduced into practice. Polydioxanone 
(PDS) stents have shown to be well tolerated by tracheobronchial mucosa, are able 
to maintain airway patency for 6 weeks, and completely degrade within 15 weeks 
after placement. A pilot study published by Lischke described outcomes of 20 bio-
degradable stents implanted in 6 patients with posttransplant bronchial anastomosic 
stenosis. There were no complications related to the procedure, but four patients 
needed multiple stenting due to anastomotic re-stenosis with a median time of 
5 months to re-stenting. They conclude that biodegradable stents are a safe and reli-
able alternative to classic stents [38].

To date, there are no randomized trials to conclude which stent is the best in these 
patients. All stents are associated with a high rate of complications, and their use 
should be reserved for refractory cases in which other procedures have failed 
[6, 7, 29].

 Surgery
In recalcitrant cases in which endoscopic interventions have failed, surgery may be 
required. Experts agree that surgical strategies depend on the location and extent of 
stenosis, and preservation of lung parenchyma should be the primary goal to guar-
antee proper pulmonary function and quality of life [6, 29].

Nonanastomotic stenosis extending to lobar bronchi represents the most difficult 
challenge. In these instances, reconstruction may be technically challenging, and 
sleeve lobectomies are often required. In contrast, most of the published literature 
regarding central stenosis agrees that segmental resection of the stenotic area fol-
lowed by end-to-end re-anastomosis is the preferred method [21, 46–48]. The use of 
a vascularized flap in either instance is still not well established, but should be con-
sidered, as suggested by both Paulson and Camargo (Table 48.5) [12, 46, 49].

Table 48.5 Surgical treatment of bronchial stenosis

Author Year Pts
Bronchial 
stenoses Type

Prior 
intervention

Surgical 
intervention

Flap 
coverage Mortality

Camargo 
[46]

2008 251 4 CAS Balloon 
dilation

2 SL
2 BS

Mediastinal 
fat

0

Marulli 
[47]

2007 154 3 DAS Balloon 
dilation

1 bilobectomy
1 BS

None 0

Schafers 
[49]

1994 121 5 CAS Not stated 2 lobectomy
1 BS
2 RT

None 0

Pts number of patients transplanted, CAS central airway stenosis, DAS distal airway stenosis, SL 
sleeve lobectomy, BS bronchial sleeve resection, RT re-transplantation
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Other approaches, such as pneumonectomy or retransplantation, have been 
described with acceptable outcomes [12, 46–48]. Furthermore, all the procedures 
are very challenging in these patients because of immunosuppression treatment and 
poor functional status.

 Conclusions and Recommendations

Post-transplant bronchial stenosisis associated with high postoperative morbidity 
and mortality, prolonged hospital stay, and increased hospital costs. Since most of 
the available evidence for treatment comes from observational studies, mainly ret-
rospective analyses, it is still debatable not only which endoscopic technique should 
be preferred, but also whether an endoscopic or surgical treatment leads to better 
results or to more complications. Asymptomatic patients with limited central steno-
sis can be kept under close monitoring. Symptomatic patients may benefit from 
interventions under a multidisciplinary team approach. Based on current evidence, 
dilation via balloon bronchoplasty, with or without scar tissue resection by an 
energy device, is the safest and most effective first-line intervention. Stenting can be 
considered in the presence of refractory stenoses in patients whose symptoms recur 
after balloon dilation. Furthermore, although there is no evidence of superiority 
among stent alternatives, many groups prefer silicon stents. Finally, surgery should 
be the last option for the management of AC, especially bronchial stenosis. Careful 
consideration of the patient’s characteristics, including stenosis location and extent, 
is mandatory before attempting repair. No evidence is available regarding the best 
surgical options.

 A Personal View of the Data

AC has a significant negative impact on the quality of life of patients after transplan-
tation. Strategies to deal with these pathologies are evolving, and results are far 
from acceptable. For bronchial stenosis, our unit assesses only symptomatic patients 
using a multidisciplinary approach. The first step is always balloon dilation. 

Recommendations
• Balloon bronchoplasty is the most effective first-line intervention for 

bronchial stenosis after transplantation (evidence quality low, weak 
recommendation).

• Stenting of post-transplant bronchial stenosis can be considered in 
patients who fail balloon bronchoplasty (evidence quality low, weak 
recommendation).

• Surgical resection of bronchial stenosis may be considered in patients 
who have failed conservative therapy (evidence quality low, weak 
recommendation).
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Concomitant tissue resection, either with laser or cryotherapy, is only considered in 
selected patient in the setting of failed dilations. Stenting is generally avoided except 
for severely ill patients and as a last resort due to the high rate of complications. 
Surgery is reserved for patients with rapidly progressive disease or recalcitrant ste-
noses, and the type of intervention is individualized base on each case.
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 Introduction

Empyema affects approximately 65,000 individuals in the United States annually, 
costing an estimated $500 million with a mortality of 15% [1, 2]. It is a dynamic 
process that gradually transitions from exudative through fibrinopurulent to an orga-
nized phase, with overlap among phases. The goals of treatment are drainage of the 
pleural space, eradication of infection, and re-expansion of the lung. The treatment 
of empyema traditionally involves antibiotics and pleural drainage, with surgery 
reserved for cases of inadequate pleural drainage, failure of lung reexpansion, or 
severe or persistent sepsis. Timely and effective treatment is desirable, as treatment 
delay or failure results in increased morbidity and mortality [3]. Early small studies 
suggested that fibrinolytics (streptokinase) were a safe and potentially effective 
alternative to surgery in treating empyema [4–7]. The first large multicenter trial 
(MIST1), however, showed that streptokinase had no benefit in the treatment of 
empyema and this finding has since been supported with further studies [8].

Despite these initial failures, optimism persisted that the theoretical benefit of 
fibrinolytics could be realized in a clinical setting [9, 10]. This prompted a study of 
alternate fibrinolytic agents including the combination of tissue plasminogen activa-
tor (tPA) and deoxyribonuclease (DNase) [11, 12].

In this chapter, we discuss the current state of the literature regarding the efficacy 
of tPA and DNase in the treatment of pleural empyema.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_49&domain=pdf
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 Search Strategy

A literature search of English language publications from 1985 to 2019 was used 
to identify published papers on the use of tPA and DNase in the treatment of empy-
ema. Databases and engines searched were PubMed, Cochrane Evidence Based 
Medicine, and Google Scholar. The terms used were “empyema and fibrinolytics”, 
“empyema and tPA and DNase”, “treatment of empyema”, “tPA and DNase versus 
surgery for empyema”, “fibrinolytics versus surgery for empyema”. Articles were 
included if they specifically addressed the use of tPA and DNase in the treatment 
of empyema. One randomized controlled trial and four retrospective reviews were 
included (Table 49.1).

 Results

 Combined t-PA and DNase vs Monotherapy and Placebo

In a double blinded randomized controlled trial, Rahman et  al. randomized 210 
patients to 4 study arms: double placebo, intrapleural tPA and DNase, tPA and pla-
cebo, and DNase and placebo. Patients diagnosed with empyema had a thoracos-
tomy tube placed and received the fibrinolytic or placebo shortly thereafter. The 
primary outcome was change in pleural opacity on the chest radiograph at 7 days. 
Secondary outcomes were referral for surgery, length of hospital stay, and adverse 
events. They found a statistically significant decrease in pleural opacity in the tPA- 
DNase group compared to the placebo group which was not observed with tPA 
alone or DNase alone. There was a decreased frequency of referral to surgery at 
3 months in the tPA-DNase group compared to the placebo group, but there was a 
higher referral rate in the DNase only group. The tPA-DNase group had a decreased 
hospital stay compared to placebo only [12].

 Combined tPA-DNase After Failed Thoracostomy Drainage

Piccolo et al. sought to determine if tPA-DNase was effective when used after failed 
thoracostomy drainage and antibiotics. Appropriateness of tPA-DNase and failure 

Table 49.1 PICO formatted terms for literature search

P (Patients)
I 
(Intervention) C (Comparator) O (Outcomes)

Patients with 
pleural 
empyema

tPA-DNase Thoracostomy tube 
alone, surgery

Pleural opacification, LOS, 
morbidity, mortality, need for 
delayed surgery

tPA tissue plasminogen activator, DNase deoxyribonucleic acid, LOS length of stay
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were ‘determined by the attending physicians’. This was determined most often 
after >24 h of thoracostomy drainage. Of the 107 patients treated, 92.3% did not 
need surgical intervention. The authors noted increased pleural fluid drainage and 
improved radiographic appearance of the hemithorax following rescue therapy with 
tPA-DNase [13].

Majid et al. performed a single center retrospective review of their experience. 
They identified 73 patients who received tPA-DNase after failure of thoracostomy 
and antibiotics. Failure was ‘determined by the attending physicians’. Their treat-
ment was 90.4% effective, and 80.8% of treatments were effective with less than 6 
doses [14].

 Fibrinolytics vs Surgery

The majority of studies comparing intrapleural fibrinolytics to surgery were per-
formed in the era prior to the widespread use of tPA-DNase and therefore offer little 
insight into the current role of early surgery in the treatment of empyema. A meta- 
analysis of eight randomized controlled trials evaluating studies that compared 
early surgical vs non-surgical treatment of empyema found that there was no differ-
ence in mortality, and that VATS specifically may reduce length of stay compared to 
thoracostomy and fibrinolytics alone. This meta-analysis examined six studies 
examining a pediatric population and two involving adults. None of the studies used 
tPA-DNase [15].

 Predicting Failure of tPA-DNase Therapy

In a study of 84 patients who received tPA-DNase for empyema, failure of treatment 
occurred in one third of patients. Predictors of failure included the presence of pleu-
ral thickening, the presence of a lung abscess or necrotizing pneumonia, elevated 
pleural protein, and the presence of loculations [16].

 Complications of tPA-DNase Therapy

The complications related to tPA-DNase administration are minimal. The most 
common complication is intrapleural hemorrage. This occurs in 0–5.7% of cases. In 
the studies reviewed, cessation of intrapleural tPA-DNase was sufficient to stop 
bleeding in all cases (Tables 49.2 and 49.3) [12–14, 17, 18].
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 Conclusions and Recommendations

The use of tPA-DNase reduces pleural opacification and the need for delayed surgi-
cal intervention when compared to single agent fibrinolysis or tube thoracostomy 
alone. What is not clear from the current literature is how tPA-DNase compares to 
early surgical intervention. When a diagnosis of empyema is made, a thoracostomy 
tube should be placed if not already present. We recommend that if a thoracostomy 
tube alone does not result in satisfactory drainage of the pleural space, either sur-
gery or tPA-DNase is a safe and effective remedy.

 A Personal View of the Data

The treatment of pleural empyema requires an individualized approach. Much of 
the current data favors tPA-DNase use as it reduces delayed surgical intervention 
when compared to other fibrinolytics and no fibrinolytics. Although this is an impor-
tant finding, it is not the question that thoracic surgeons are most commonly faced 
with. We currently don’t have sufficient studies to guide our decision about which 
patients should undergo early surgical intervention vs tPA-DNase. In our institution, 
patients who have multiple co-morbidities and poor performance status who are at 
higher risk for complications with surgery and general anesthesia are recommended 
to receive tPA-DNase. Younger, healthier patients with good performance status are 
recommended to undergo early surgical intervention. In general, we favor early 
surgical intervention for any patient who can tolerate it safely and has failed antibi-
otics and thoracostomy tube drainage.

Table 49.3 Evidence and associated grade for the use of tPA and DNase in the treatment 
of empyema

Proposed advantage of use of tPA-DNase
Quality of 
evidence

tPA-Dnase decreases pleural opacification when compared to 
thoracostomy only

High

tPA-DNase reduces the need for delayed surgery compared to 
thoracostomy tube alone

High

tPA-DNase reduces LOS compared to thoracostomy alone Moderate

tPA tissue plasminogen activator, DNase deoxyribonucleic acid, LOS length of stay

Recommendation
• If a thoracostomy tube alone does not result in satisfactory drainage of the 

pleural space, either surgery or tPA-DNase is a safe and effective remedy 
(evidence quality moderate, strong recommendation).

49 Is tPA/DNase Effective in the Management of Pleural Empyema?
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50VATS vs Open Management of  
Pleural Empyema

Brian Mitzman

 Introduction

Pleural empyema is a common problem known to all thoracic surgeons. With an 
increased incidence in western countries [1–3] along with more widely adopted 
minimally invasive techniques, the best approach for decortication is constantly 
debated. Although minimally invasive procedures have evolved and are accepted 
for many other thoracic surgical procedures [4], there is still no consensus on the 
best approach for empyema. Treatment options vary from just antibiotics and chest 
tube drainage to total decortication via thoracotomy. While there is no standard 
algorithm, decision making includes analysis of the stage of empyema, current 
clinical status, and overall evaluation of the patient’s ability to tolerate an opera-
tion. The clinical, pathologic, and pleural fluid analyses are now organized into a 
fairly accepted system the three stages of empyema; uncomplicated/simple, com-
plicated/fibrinopurulent, and complicated/organized [5, 6]. As stage I empyemas 
often do not require formal decortication and resolve with drainage, many of the 
subsequent studies in this review evaluate only Stage II or III patients. Whether 
minimally invasive approaches to decortication are feasible in more complex 
empyemas and provide adequate results when compared with thoracotomy remains 
a debated topic.

 Search Strategy

A MEDLINE search of the MeSH database was performed based on PICO elements 
using subheadings from the term “empyema, pleura.” These included “Empyema, 
Pleural/mortality” OR “empyema, pleural/therapy” OR “empyema,  pleural/

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_50&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_50#ESM
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surgery.” Additional articles were included from Pubmed describing surgical man-
agement of pleural empyema. A cut off of 1999 was used so that only articles from 
the last 20 years utilizing most current techniques and technology in thoracoscopy 
would be analyzed. A specific focus was placed on recent additions to the literature 
in the last 5 years. Results were limited to adults, humans, and papers published in 
the English language (Table 50.1).

 Results

The initial search yielded 63 results after excluding case reports and very small case 
series. After evaluating each manuscript and focusing on the more recent (within 10 
years) observational studies and database analyses with larger cohorts, ten main 
studies were used in developing these recommendations (Table 50.2).

 VATS vs Thoracotomy: Current Consensus

Guidelines for the management of pleural empyema were created by the American 
College of Chest Physicians (ACCP) [7] in 2000 and the British Thoracic Society 
(BTS) in 2003 [8]. The surgical approach was not evaluated by the BTS guidelines, 
however, and there was limited evidence supporting VATS in the ACCP guidelines 
as it was a fairly new technique at the time.

Over the last 5 years however, several international organizations developed con-
sensus guidelines to help better guide the thoracic community. In 2015, the EACTS 
released an expert consensus on management of pleural empyema [9]. When specifi-
cally evaluating Stage II empyema, the working group concluded that based on large 
non-randomized trials, data supported VATS as a useful and beneficial first approach 
(Class I recommendation, Level B evidence). Without providing a specific grade of 
evidence, they concluded that for chronic Stage III empyema, VATS could be as 
effective as open thoracotomy when performed by experienced high volume centers, 
albeit the conversion rate being high (up to 62% based on evaluated literature).

In 2017, the AATS convened an Empyema Guidelines Working Group [10]. The 
authors concluded that for Stage II acute empyema, a VATS approach was reason-
able, with limited evidence (Class IIA recommendation, Level B evidence). The 
major determinants of approach were the ability for the patient to tolerate one lung 

Table 50.1 PICO formatted terms for literature search

P (patients) I (Intervention) C (Comparator) O (Outcomes)
Patients with pleural 
empyema

Open 
decortication

VATS 
decortication

Mortality
Procedure success
Postoperative 
morbidity
Costs
Conversion rate

B. Mitzman
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ventilation and the predicted technical success of the decortication (full evacuation 
and lung expansion). Conversion to thoracotomy was recommended if those two 
goals could not be met. Specific guidelines for approach were not given for Stage III 
chronic empyema, but the authors state that VATS can be considered if the overall 
goals of reexpansion can be met.

To date, there are still no randomized trials of VATS versus open thoracotomy for 
decortication. This leads to substantial selection bias when trying to evaluate peri-
operative outcomes based on technique for decortication. Many studies compare 
Stage II empyema VATS with Stage III empyema open decortication without utiliz-
ing an intention to treat model. Therefore, the length of stay and perioperative mor-
bidity may not truly be less in the VATS group. Finally, in analyses that include 
upfront thoracotomy, that selection bias precludes us from knowing if VATS could 
have been successful in those patients. Fortunately, many of these studies use simi-
lar definitions and outcomes for analysis. By evaluating these studies as a whole, we 
can develop some generalizable algorithms with less bias.

A Cochrane review was updated in 2017 evaluating surgical vs non surgical man-
agement of pleural empyema [11]. Three main outcomes were evaluated: mortality, 
length of stay, and post procedural complications. Unfortunately, VATS and thora-
cotomy were each independently compared against tube thoracostomy, and not 
against each other. It is still useful to take into account this data in our overall analysis.

 Procedure Success

In 2003, Roberts reported his experience with patients who underwent initial VATS 
decortication [12]. There was a 61.6% conversion rate to thoracotomy. While he did 
not specifically classify the stages of empyema, 65.0% were considered “simple 
parapneumonic.” It is important to note that this report is from the early days of 
VATS, and even the high conversion rate is still commendable for this time period. 
Chan et al. evaluated 77 consecutive patients at 2 University of Hong Kong hospitals 
in 2007 [13]. Based on histopathologic findings and intraoperative findings, the 
authors determined 75% of the patients were Stage III, with the remainder Stage 
II. The VATS group had 41 patients, none of whom experienced conversion to thora-
cotomy. The overall success rate was reported 100%. This was determined subjec-
tively however, and primarily by the opinion of the operating surgeon. Operative 
time was significantly shorter in the VATS group (2.5 ± 0.96 vs 3.8 ± 1.4 h, p < 0.001), 
and there were no statistically significant differences in radiologic improvement on 
CXR, mean time return to work, or perceived improvement in exercise tolerance.

Tong et al published the results for 420 empyema patients in 2010. There was an 
11.4% conversion rate from VATS to thoracotomy. Decision making for initial 
approach was by surgeon preference, although this is a high volume VATS center 
with 326 of the patients in the VATS cohort. While this study was not broken down 
by stage, the authors report that VATS is appropriate for all stages of empyema, as 
long as there was a willingness to convert to thoracotomy if adequate results aren’t 
achieved in the OR [14]. Operative time was substantially longer for an open 
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approach (155 min vs 97 min; p < 0.001), but the open group had procedures such 
as muscle flap performed in addition to the decortication in more than two-thirds of 
the patients.

Despite advances in technical expertise, there is still significant variability in 
rates of conversion from VATS to open thoracotomy for decortication. In 2013, 
Stefani et al. reported a 59% conversion rate in 97 patients, while in 2014 Chung 
et al. reported 1 conversion and 2 recurrences in a series of 128 VATS decortications 
[15, 16].

Reichert et al. reported their more recent data in 2018 from a major academic 
center hospital in Germany. Specifically evaluating Stage III empyema, 127 patients 
underwent VATS decortication. The overall conversion rate was 3.9% during the 
entire time period. 6.3% of patients required re-do interventions for recurrent empy-
ema after initial VATS [17].

The largest analysis of pulmonary decortication was a recently published STS 
General Thoracic Surgery Database review [18]. A total of 7316 patients were eval-
uated for VATS vs open thoracotomy of whom 4435 underwent a VATS approach. 
The conversion rate data was only available since 2014, and of 1496 VATS patients, 
14.2% were converted. The operative time was lower in the VATS group (112.0 min 
vs 82.0 min, p < 0.001). There was no objective way to assess true procedural suc-
cess in this dataset except for evaluating postoperative complications and length of 
stay, as more granular data is not available in this dataset. Length of stay was higher 
in the thoracotomy group (8.0 vs 7.0 days, p < 0.0001), as was prolonged length of 
stay, defined as greater than 19 days (11.9% vs 8.2%, p < 0.0001). The reason for 
the extended stay cannot be evaluated with the provided data. The thoracotomy 
group had a higher rate of postoperative events (45.3% vs 35.4%, p < 0.0001), most 
of which were pulmonary related. These complications are not necessarily corre-
lated with ‘procedural success’ however, since these patients may still have had 
adequate clearance of their infection and expansion of the lung. While the groups 
were fairly well matched, there is no way to assess the stage of empyema.

The general consensus among all of these manuscripts is that the ‘procedural 
success’ is highly subjective, and is based on the surgeon’s personal thoughts on 
appropriate lung reexpansion and technical ability performing VATS.

 Mortality

As with all outcomes in this analysis, it is difficult to study mortality comparing 
VATS and open thoracotomy, as these are all retrospective studies that are not well 
matched. Thirty day mortality ranged from 0% to 18% for both open and VATS 
[12–28]. A single retrospective study showed better mortality in VATS decortication 
(7.5% vs 16.1%, p = 0.02) [14]. Recent systematic reviews and meta-analyses report 
decortication mortality to range from 1% to 19% [9, 24, 25]. Rather than the 
approach chosen, mortality appears to be related to time to operative intervention, 
preoperative clinical status, and technical success of the decortication. In the 
Cochrane review from 2017, there were no deaths in a single study evaluated for 

50 VATS vs Open Management of Pleural Empyema



558

thoracotomy subanalysis. There was one death in a total of 46 patients evaluated 
from 2 studies [11]. The STS Database review reported an operative mortality of 
3.7% for open, and 2.8% for VATS (p = 0.026). Again, disease severity was not 
available for analysis and is a major confounder in this statistic [18].

 Postoperative Morbidity

Decreased blood loss and OR time are common in patients undergoing VATS treat-
ment of empyema, along with decreased air leak, pain, and ventilator requirements 
[14, 17, 20, 22]. These outcomes will generally lead to a shorter chest tube duration, 
and subsequently a shorter length of stay [13–15, 17–20, 22, 23]. In studies that 
provided specific complication categories, renal failure rates and cardiac complica-
tions were similar for VATS and open approaches [14, 17, 18].

There are few studies that include cost in analysis of pulmonary decortication, and 
none that directly compare VATS to open thoracotomy in the same institutional set-
ting. Thourani et al. performed a cost-effectiveness analysis of 77 patients diagnosed 
with empyema undergoing various treatment modalities [27]. Seventeen patients 
underwent open decortication, with mean hospital charges of $34,771 ± 2,456. While 
this was more expensive than those who successfully underwent image directed cath-
eters (23,354.93 ± 2430.23) or tube thoracostomy (25,534.72 ± 4,285.64), it was 
substantially cheaper than patients who failed those two less invasive therapies 
(55,609.32 ± 3078.03 and 43,168.63 ± 1000.34, respectively).

 Robotic Approach

With the advent of robotic technology and its increased use over the past several 
years, there have been anecdotes of robotic pulmonary decortications being suc-
cessfully performed. An additional Pubmed search was performed specifically for 
any case series or controlled trial evaluating the use of robotics for decortication. 
The literature was quite sparse. While there are a handful of case reports of robotic 
decortications [29–31], at this point caution must be exercised due to the lack of 
information. The general tenants of decortication should apply—if the empyema 
cannot be completely evacuated with complete expansion of the lung during a 
robotic decortication, then conversion to thoracotomy is appropriate.

 Conclusions and Recommendations

VATS is an appropriate first line surgical therapy for thoracic empyema regardless 
of stage. A low threshold for early conversion to thoracotomy is important, as com-
plete evacuation and expansion are the primary outcomes required for low morbid-
ity and mortality. Factors related to likely need for conversion are Stage III empyema 
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and prolonged time from initiation of symptoms to surgical treatment. VATS appears 
to have improved perioperative outcomes when compared to thoracotomy, but only 
if the decortication is completed successfully.

 A Personal View of the Data

My personal view is that decortication should involve a step-wise approach. There 
is no harm in attempting the operation in a minimally invasive manner. I have often 
been surprised at my ability to decorticate some patients via VATS, even when the 
preoperative imaging shows chronic thickened pleura. Early conversion to thora-
cotomy is key, and one must remain realistic as to his or her ability to perform a 
complete decortication with 100% lung re-expansion. It is inappropriate to spend 
4 h doing VATS, just to convert for the last 20% of the operation. If one is techni-
cally experienced in robotics but not VATS (as many surgeons are in the current 
era), it is reasonable to attempt a robotic decortication, although I have not seen any 
significant benefit in robotics to VATS for the average surgeon skilled in both tech-
niques for these cases.

As reviewed above, morbidity and mortality should be similar as long as a com-
plete decortication is accomplished. Increased length of stay and perioperative com-
plications are generally associated with incomplete reexpansion, regardless of 
technique.
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 Introduction

Malignant pleural effusions can destroy quality of life in patients with advanced 
cancer and thoracic surgeons should be prepared to direct the palliative manage-
ment of this condition. Although asymptomatic effusions can be safely observed, 
the majority of patients with malignant pleural effusions will develop symptoms 
that necessitate intervention [1]. Dyspnea is the most common complaint, often 
accompanied by constitutional symptoms such as weight loss, anorexia, and fatigue 
[2]. The goal of therapy is palliation. Quality of life is enhanced by alleviating 
symptoms and reducing interactions with the healthcare system, while minimizing 
treatment-related complications [3]. This balance is especially relevant considering 
the mean life expectancy is approximately 4 months [4]. Understanding and educat-
ing patients regarding expectations for symptomatic improvement, length of hospi-
tal stay, need for additional treatments and potential complications is critical for 
shared decision-making. In this chapter, we evaluate the use of indwelling pleural 
catheters versus pleurodesis for the management of symptomatic malignant pleural 
effusions.

 Search Strategy

We used the PICO (Population, Intervention, Comparator, and Outcomes) format to 
focus our investigation into the management of symptomatic malignant pleural 
effusions (Table 51.1). One of the most frequent challenges is selecting the optimal 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_51&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_51#ESM
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intervention. We therefore formulated the following PICO question: In patients with 
symptomatic malignant pleural effusion, is indwelling pleural catheter or pleurode-
sis recommended? Relevant publications were identified using PubMed database 
Mesh terms: ((“Pleural Effusion, Malignant/drug therapy”[Mesh] OR “Pleural 
Effusion, Malignant/prevention and control”[Mesh] OR “Pleural Effusion, 
Malignant/surgery”[Mesh] OR “Pleural Effusion, Malignant/therapy”[Mesh]) AND 
“Pleural Effusion, Malignant”[Mesh]) AND (“Pleurodesis/therapeutic use”[Mesh] 
OR “Pleurodesis/therapy”[Mesh]) AND (Clinical Trial[type])) to identify relevant 
primary literature. We limited our search results to clinical trials and retrospective 
studies published in English from 2010 through 2019. Relevant societal guidelines 
were used to identify additional relevant literature publications meeting our criteria 
[2, 5]. Our search yielded four randomized controlled trials and two large retrospec-
tive series (Table 51.2) that were evaluated using the GRADE system (Table 51.3) 
to assess quality of evidence and provide strength weighted recommendations.

 Results

The identified articles were used to assess the comparative outcomes in our PICO 
analysis. We focused on the outcomes for improvement in dyspnea, hospital length 
of stay, need for additional interventions, and adverse events between the two 
treatments.

 Dyspnea

Improvement in dyspnea was evaluated in all four of the randomized controlled tri-
als. Boshuizen et al. conducted a multi-center randomized controlled trial compar-
ing talc pleurodesis (TP) to indwelling pleural catheters (IPC) in patients with 
recurrent malignant pleural effusions from 2011 to 2013 [6]. Their primary outcome 
of interest was dyspnea, assessed with a modified Borg Scale (MBS) [7]. Secondary 
endpoints included number of hospital visits, pleural re-interventions, length of hos-
pital stay, and time to treatment failure. They excluded patients previously treated 
with talc pleurodesis or indwelling pleural catheters, and patients with impaired 
immunity or thrombocytopenia (platelets <50 × 109/L). Patients underwent thora-
centesis upon registration and were randomized to talc pleurodesis or indwelling 
pleural catheter in a 1:1 ratio if recurrence occurred within 6  months. Notably, 
indwelling pleural catheters were placed on an outpatient basis. Patients 

Table 51.1 PICO formatted terms for literature search

Patients Intervention Comparator Outcomes
Factors Symptomatic 

malignant pleural 
effusion

Indwelling 
pleural catheter

Talc pleurodesis Dyspnea, length of stay, 
treatment failure, 
adverse events

C. T. Morgan et al.
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randomized to talc pleurodesis were admitted and treated according the Dutch 
guidelines for malignant pleural effusion management [8]. Ninety-four patients 
were enrolled and randomized in a balanced fashion. Thirty-five patients died within 
6 weeks of enrollment. Thirty-one and forty patients were eligible for per-protocol 
and intention to treat analyses, respectively. Compared to dyspnea scores at enroll-
ment, the authors noted a statistically significant improvement in dyspnea in both 
treatment arms at 6 weeks. They compared dyspnea scores for talc pleurodesis ver-
sus tunneled pleural catheter and found a significant mean improvement in modified 
Borg Scale of 2.2 and 1.5 points for TP and IPC respectively at rest. During exer-
cise, MBS results were 1.3 vs 1.7 MBS points for TP and IPC, respectively 
(p < 0.01  in all four cases). Taken together, there was no statistically significant 
difference comparing dyspnea scores of the IPC versus the TP groups.

Davies et  al. conducted a multi-center randomized controlled trial (Second 
Therapeutic Intervention in Malignant Pleural Effusion Trial [TIME-2]) comparing 
indwelling pleural catheter to talc [9]. They enrolled 106 patients between April 
2007 and February 2011. The main outcome of the study was improvement in dys-
pnea. Patients underwent indwelling pleural catheter placement on an outpatient 
basis. Patients randomized to talc pleurodesis were admitted for chest tube place-
ment and talc slurry pleurodesis. The authors assessed daily dyspnea scores using a 
100-mm line visual analog scale (VAS) of dyspnea (0 mm represents no dyspnea, 
100  mm represents maximal dyspnea, and 10  mm represents minimal clinically 
significant difference). The authors found that dyspnea improved in both groups, but 
there was no significant difference in improvement between treatment arms [mean 
VAS dyspnea score 24.7 vs 24.4 in the indwelling pleural catheter group (baseline 
mean VAS 62) versus the talc pleurodesis group (baseline mean VAS 55)] in the first 
42 days. At 6 months, there was a significant improvement in dyspnea in the indwell-
ing pleural catheter group (−14.0 mm, p = 0.01), compared to the talc pleurode-
sis group.

Demmy et al. conducted a multi-institutional prospective, randomized trial com-
paring indwelling pleural catheters with talc pleurodesis [10]. Between October 
2002 and December 2004, they randomized 57 patients with unilateral malignant 

Table 51.3 Grading of recommendations for IPC vs TP in patients with symptomatic malignant 
pleural effusions

Outcome of 
interest

Quality of 
evidence Recommendation

Strength of 
recommendation

Dyspnea Low to 
moderate

IPC and TP are equally appropriate 
and efficacious for relief of dyspneaa

Strong

LOS Low to 
moderate

IPC is recommended Weak

Reinterventions Low to 
moderate

IPC is recommended Weak

Adverse events Low to 
moderate

IPC and TP have similar serious 
adverse event rates and are equally 
appropriate

Weak

aIf there is evidence of “trapped” lung, we recommend IPC placement

C. T. Morgan et al.
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pleural effusion requiring pleurodesis or ongoing drainage to either indwelling 
pleural catheter placement or talc slurry pleurodesis. Their primary objective was to 
compare the proportion of patients that “maintained successful treatment” 30 days 
after intervention. They defined “success” as achievement of several predetermined 
criteria: (1) alive; (2) no effusion recurrence; (3) lung re-expansion of 90% or 
greater after effusion drainage; and (4) completion of intervention by 2 weeks based 
on removal of the chest tube (inserted for pleurodesis) or proper function of the tun-
neled pleural catheter. They found no significant difference in the original overall 
combined success rate for tunneled pleural catheter (62%) versus talc pleurodesis 
(46%), p  =  0.290. The authors found that tunneled pleural catheter patients had 
improved dyspnea indices compared to the talc pleurodesis patients (8.5 vs 6.1; 
p = 0.047). Notably, this benefit was driven by a subgroup of patients with “poor 
expansion,” i.e. patients with trapped lung.

Thomas et al. conducted a multi-center randomized controlled trial comparing 
indwelling pleural catheters versus talc slurry pleurodesis in 146 patients with 
symptomatic malignant pleural effusions enrolled between July 2012 and October 
2014 [11]. The primary endpoint was the total number of days spent in the hospital 
from procedure (indwelling pleural catheter placement or talc pleurodesis) to death 
or to 12  months. Secondary outcomes included additional pleural interventions, 
dyspnea, and adverse events. Thomas et al. used the visual analog scale (VAS) of 
breathlessness to assess dyspnea and found improvements (14.5  mm; 95% CI, 
8.4–20.7 and 17.4  mm; 95% CI, 11.1–23.7) for the indwelling pleural catheter 
(baseline mean VAS 50 mm vs 64.5 mm post-procedure day 1) and talc pleurodesis 
(baseline mean VAS 52.2 mm vs 69.7 mm post-procedure day 1) groups, respec-
tively. There was no difference in the magnitude of improvement between the treat-
ment groups.

In summary, dyspnea improved with either indwelling pleural catheter or talc 
pleurodesis in all four of the randomized controlled trials [6, 9–11]. Notably, there 
was no statistical difference in the degree of dyspnea improvement between the two 
treatments in three of the trials. Taken together, these results suggest that either 
indwelling pleural catheter placement or talc pleurodesis is appropriate treatment 
for alleviation of dyspnea in patients with recurrent malignant pleural effusion. 
Importantly, while three of the trials found no significant difference in dyspnea 
scores between indwelling pleural catheter and talc pleurodesis groups, Demmy 
et al. found improved dyspnea scores in the indwelling pleural catheter group [10]. 
This result was likely driven by a subset of patient’s with trapped lung and high-
lights the importance of applying patient specific clinical knowledge in selecting the 
most appropriate therapy.

 Number of Hospital Days

Limiting the time spent in the hospital is an essential goal in the care of patients with 
malignant pleural effusions. Three of the randomized controlled trials and two ret-
rospective studies addressed this issue.

51 Indwelling Pleural Catheters Versus Talc Pleurodesis for Recurrent Symptomatic…
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Boshuizen et al. found the median hospitalization days since randomization to 
indwelling pleural catheter or talc pleurodesis (7 days vs 2 days, p = 0.0016) was 
lower in the indwelling pleural catheter group [6]. The number of hospital admis-
sions per patient was 1.6 days vs 1.0 days (p = 0.0035) for the talc pleurodesis and 
indwelling pleural catheter groups, respectively.

Similarly, Davies et al. also noted a significant difference in length of initial hos-
pitalization between the groups, with a median of 0 and 4 days for the indwelling 
pleural catheter versus talc pleurodesis groups (mean difference −3.5 days, 95% CI, 
−4.8—1.5 days; p < 0.001), respectively [9]. In both of these studies, indwelling 
pleural catheter placement was performed on an outpatient basis and this was likely 
a major contributor to the difference in length of stay.

In their randomized controlled trial, Thomas et al. found that indwelling pleu-
ral catheter placement significantly reduced the number of total hospital days 
attributable to pleural effusion or treatment complications [11] (median, 1  day 
[IQR 1–3] versus 4 days [IQR, 3–6], p = 0.001). The median days in hospital for 
the initial admission was also shorter for indwelling pleural catheter placement 
than the pleurodesis group (1 day [IQR 1–2] versus 3 days [IQR 3–4], p < 0.001). 
Indwelling catheters were placed on an outpatient or overnight stay basis. After 
the initial admission, there was no significant difference in the number of effu-
sion-related hospital days in the indwelling catheter group versus the talc 
pleurodesis group (median, 0 days [IQR 0–1] versus 0 days [IQR 0–0.5], p = 0.08), 
respectively.

Two retrospective analyses evaluated length of stay for indwelling pleural cath-
eter placement versus talc pleurodesis. Freeman et  al. performed a retrospective 
propensity-matched cohort comparison of pleurodesis versus indwelling pleural 
catheter placement in patients undergoing diagnostic thoracoscopy for malignancy 
[12]. They identified 60 patients with recurrent symptomatic pleural effusion sus-
pected to be malignant who had undergone thoracoscopic exploration after at least 
two non-diagnostic thoracenteses. They used propensity matching to compare 
patients who received talc pleurodesis versus patients who received tunneled pleural 
catheters. Mean length of hospitalization was shorter for the indwelling pleural 
catheters versus talc pleurodesis (3  ±  2 [range 1–8] versus 6  ±  4 [range 4–13], 
p < 0.0017). Hunt et al. performed a retrospective chart review of 109 consecutive 
patients with malignant pleural effusion patients treated with either tunneled pleural 
catheter (54%) or VATS talc pleurodesis (46%) between 2005 and 2011 [13]. The 
authors found that the tunneled pleural catheter group’s overall length of stay was 
shorter than the VATS talc pleurodesis group (mean 7 days, mode 1 day versus mean 
8 days, mode 4 days; p = 0.006).

Taken together, indwelling pleural catheter placement is clearly associated with 
shorter length of stay. This is driven, in large part, by placement of the catheters in 
an outpatient or overnight stay setting. By contrast, inpatient management is typi-
cally performed for talc pleurodesis and thoracostomy tube management. Three 
prospective randomized trials and two large retrospective studies showed a signifi-
cant reduction in hospital days (approximately 3–7 days) which we would consider 
a relatively large effect with respect to the life-expectancy. This makes outpatient 
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placement of an indwelling pleural catheter an attractive option for patients desiring 
to limit days in the hospital.

 Reinterventions

It is also important to consider the burden of additional interventions related to 
treatment failure for each modality. One useful proxy for treatment failure is pleural 
re-intervention. Three of the randomized controlled trials and both of the retrospec-
tive reviews compared the need for re-intervention between tunneled pleural cathe-
ter and talc pleurodesis.

Thomas et al. noted that significantly fewer patients in the indwelling pleural 
catheter group required additional pleural interventions for ipsilateral fluid drainage 
(n = 3, 4.1%) versus talc pleurodesis group (n = 16, 22.5%, p = 0.001) [11]. Failure 
was diagnosed if additional ipsilateral fluid drainage procedures were needed for 
symptom relief. Boshuizen et al. found that the mean number of re-interventions 
was higher for the talc pleurodesis group (0.53 vs 0.21, p = 0.05), but an equal num-
ber of patients had at least one re-intervention (15 vs 7, p = 0.09) [6]. Time to re- 
intervention was significantly longer for the indwelling pleural catheter group 
(p = 0.045). Davies et al. found that 22% of patients in the talc pleurodesis group 
required additional pleural procedures versus 6% of the indwelling pleural catheter 
group (odds ratio 0.21; 95% CI, 0.04–0.86; p  =  0.03) [9]. In their retrospective 
propensity-matched cohort comparison, Freeman et al. found rates of reintervention 
were equal for talc pleurodesis (10%) and indwelling pleural catheter placement 
(10%, p = 1.0) [12]. The retrospective cohort analysis by Hunt et al. found that the 
tunneled pleural catheter group underwent significantly fewer reinterventions for 
recurrent pleural effusions than the VATS talc group (2% vs 16%, p = 0.01) [13].

Results of three randomized controlled trials and one of two retrospective analy-
ses suggest a lower rate of re-intervention after placement of an indwelling pleural 
catheter compared to talc pleurodesis. Taken together, these data suggest a repro-
ducible, clinically significant decrease in the rates of reintervention for indwelling 
pleural catheter versus talc pleurodesis.

 Adverse Events

Adverse events are a significant factor to consider as they can prolong the duration 
of hospitalization and/or require additional interventions. Three of the randomized 
controlled trials and one of the retrospective studies evaluated adverse events. 
Davies et al. found that 21 of 52 (40%) patients in the indwelling catheter group 
experienced adverse events versus 7 of 54 (13%) in the talc pleurodesis group (OR, 
4.70; 95% CI, 1.75–12.60; p  =  0.002), but no significant difference in serious 
adverse events (17% in the indwelling pleural catheter group vs 9% in the talc group 
[OR 2.1; 95% CI 0.57–7.71; p = 0.26]) [9]. The adverse events included serious and 
non-serious pleural infection, cellulitis, pleural loculations requiring fibrinolytics, 
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catheter site metastases, and catheter blockage, as well as less common adverse 
events. Thomas et  al. reported serious adverse events in one patient (1%) in the 
indwelling pleural catheter group and 3 patients (4%) in the talc pleurodesis group 
[11]. Twenty-two patients (30%) in the indwelling pleural catheter group and 13 
patients (18%) in the talc group experienced an adverse event. Procedure related 
pain and worsening dyspnea were the most common adverse events. Boshuizen 
et al. reported no difference in the rate of adverse events between patients in the 
indwelling pleural catheter versus the talc pleurodesis groups (16% vs 19%), respec-
tively [6]. These included pain, dyspnea, infection, cardiovascular events, and gen-
eral malaise. Finally, in their retrospective analysis, Hunt et al. found no significant 
difference in complication rates between tunneled pleural catheters and VATS talc 
pleurodesis groups (5% versus 8%, p = 0.41) [13].

In combination, the results of these studies suggest no significant difference in 
serious adverse events after indwelling pleural catheter placement versus talc 
pleurodesis.

 Conclusions and Recommendations

The GRADE system was used to assess the quality of evidence and provide strength 
weighted recommendations for use of indwelling pleural catheters versus talc 
pleurodesis for patients with symptomatic malignant pleural effusions (Table 51.3). 
For patients with recurrent symptomatic malignant pleural effusions, placement of 
an indwelling pleural catheter or talc pleurodesis is equally appropriate and effica-
cious for the relief of dyspnea. The risk of adverse events in these patients is similar 
between the two interventions. In patients who experience a recurrent symptomatic 
malignant pleural effusions after intrapleural therapy, indwelling pleural catheter 
placement is superior to talc pleurodesis for number of hospital days and need for 
reinterventions.

Recommendations
• For patients with recurrent symptomatic malignant pleural effusions, 

placement of an indwelling pleural catheter or talc pleurodesis is equally 
appropriate and efficacious for the relief of dyspnea (moderate quality of 
evidence, strong recommendation).

• For patients with recurrent symptomatic malignant pleural effusions, 
indwelling pleural catheter placement is superior to talc pleurodesis for 
number of hospital days and need for reinterventions (low quality of evi-
dence, weak recommendation).
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 A Personal View of the Data

Indwelling pleural catheters and talc pleurodesis are equivalent in reducing dyspnea 
from malignant pleural effusions. Thus surgeons can individualize the treatment 
decision to the patient and care delivery system.

Some factors may still favor pleurodesis over indwelling pleural catheters. For 
example, patients may lack the manual dexterity to drain their catheters indepen-
dently. Practical considerations, such as the presence of an existing temporary pleu-
ral drain or institutional care protocols, may reduce the real-world advantage of 
reduced hospital days. Finally, some patients may require thoracoscopy to confirm 
the diagnosis or obtain additional tissue for molecular studies, thus reducing the 
outpatient advantage of pleural catheters.

Other factors might heighten the secondary benefits of indwelling pleural cath-
eters. Reintervention rates and downstream hospital admissions are particularly 
important for patients who live far from their healthcare providers. The possibility 
of entrapped lung, which reduces the effectiveness of pleurodesis, may motivate 
placement of an indwelling pleural catheter to avoid the need for initial thoracente-
sis or the risk of failure due to lung entrapment. The subgroup analysis by Demmy 
et al. suggests that pleural catheters may be the preferred approach for patients with 
trapped lung [10]. The recently published, multidisciplinary clinical practice guide-
lines also favored IPC’s in the setting of documented trapped lung [5].

Ultimately, a hybrid approach to malignant pleural effusion may prove the most 
reliable, effective strategy. The IPC Plus trial recently demonstrated superiority in 
achieving pleurodesis at 35 days using a tunneled catheter plus talc slurry versus 
tunneled catheter alone (43% vs. 23%, p = 0.008) [14]. This hybrid approach main-
tains the benefits of tunneled pleural catheters while minimizing the inconvenience 
and risk of a long-term catheter. With several proven treatment options available, 
surgeons are empowered to tailor the palliative approach to each patient.
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52Quality of Life: Extended Pleurectomy/
Decortication vs Extrapleural 
Pneumonectomy

Kimberly J. Song and Andrea S. Wolf

 Introduction

Malignant pleural mesothelioma is a rare malignancy strongly linked to history of 
asbestos exposure. Treatment of this disease remains difficult due to its aggressive 
nature and the tendency for nearly all patients to recur. Current treatment strategies 
are multimodal, with surgical options ranging from palliative drainage of effusion 
to radical debulking, and serious consideration is given to patient age, performance 
status, and histology before pursuing extended pleurectomy/decortication (EPD) or 
extrapleural pneumonectomy (EPP). While data suggest that surgical treatment is 
an independent determinant of increased survival [1], the deadliness of this disease 
and the morbidity of surgery mandates a treatment strategy that maximizes the 
patient’s quality of life (QOL). The choice of EPD vs EPP remains controversial 
partly due to the limited availability of high-quality evidence. A dearth of data from 
prospective or randomized controlled trials comparing the two leaves us to extrapo-
late from retrospective registries, single procedure multicenter studies, and small 
cohort series, including those from our own institution [2, 3]. Here, we review the 
available data pertaining to patient reported post-operative QOL.

 Search Strategy

The MEDLINE electronic database was searched for articles from the years 
1995–2019 using the keywords “mesothelioma,” “surgery,” and “quality of life,” 
supplemented by review of the reference lists from these articles (Table 52.1). The 
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majority of studies were published after the year 2000, and a total of 240 papers 
written in English were identified. Retrospective studies, prospective studies, and 
randomized trials were included. Studies that did not discuss quality of life after 
surgical therapy were excluded, as were those that reported findings in the lung 
cancer population without presenting mesothelioma-specific data. Thirteen papers 
meeting these criteria were identified and used for the final analysis (Tables 52.2 
and 52.3).

Table 52.1 PICO formatted terms for literature search

P (population) I (Intervention) C (Comparator) O (Outcomes)
Patients with 
leural 
mesothelioma

Radical surgical 
debulking via extended 
pleurectomy/
decortication

Radical surgical 
debulking via 
extrapleural 
pneumonectomy

Postoperative short 
and long-term physical 
and mental quality of 
life

Table 52.2 Studies regarding quality of life after extrapleural pneumonectomy

Reference

Study 
design, 
time period Population

Duration 
of 
follow-up

Physical QOL 
findings

Mental QOL 
findings

Weder 
(2007) 
[4]

Prospective 
multi- 
center
2000–2003

n = 45; all 
histologies

6 months Modified RSCL 
physical symptom 
and activity scores 
return to near- 
baseline by 6 months

Modified RSCL 
psychological 
scores were 
most affected; 
overall QOL 
improved but 
did not return to 
baseline

Ambrogi 
(2009, 
2012) [5, 
6]

Prospective 
single 
center
1997–2007

n = 29; all 
histologies

Up to 
3 years

Karnofsky scores 
improved at 3 months 
but returned to 
baseline by 
24 months; SF-36 
physical domains 
improved at 3 months 
but all fell back to 
baseline or worse by 
24 months; SGRQ 
symptom and activity 
scores improved at 
3 months but 
worsened 
progressively 
thereafter

SF-36 mental 
domains and 
SGRQ mood 
scores improved 
at 3 months but 
worsened 
progressively 
thereafter
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Reference

Study 
design, 
time period Population

Duration 
of 
follow-up

Physical QOL 
findings

Mental QOL 
findings

Alvarez 
(2009) 
[7]

Prospective 
single 
center
2004–2007

n = 16; 
stage I–II 
epithelioid

12 months ECOG scores slightly 
declined after 
6 months; Karnofsky 
scores slightly 
improved from 6 to 
12 months; patients 
who did not have 
surgery had stable 
scores

N/A

Treasure 
(2011) 
[8]

RCT multi 
center
2005–2008

n = 12; all 
histologies

24 months Median EORTC QLQ-C30 and LC13 
scores were lower in the EPP group vs 
no surgery group

QOL quality of life, RSCL Rotterdam symptom checklist, SF-36 short form 36, SGRQ St George 
Respiratory Questionnaire, ECOG Eastern Cooperative Oncology Group, EORTC European 
Organisation for Research and Treatment of Cancer

Table 52.2 (continued)

Table 52.3 Studies regarding quality of life after extended pleurectomy/decortication

Reference
Study design, 
time period Population

Duration 
of 
follow-up

Physical QOL 
findings

Mental QOL 
findings

Burkholder 
(2015) [11], 
Mollberg 
(2012) [12]

Prospective 
multi center
2010–2011

n = 36; 
epithelioid 
or biphasic

8 months EORTC 
QLQ-C30 
physical scores 
did not change 
for WHO PS 0; 
all physical 
scores 
improved for 
PS 1–2

EORTC 
QLQ-C30 
mental scores 
did not change 
for WHO PS 0 
except for 
improvement in 
emotional 
functioning; all 
mental scores 
improved for PS 
1–2

Soysal 
(1997) [13]

Retrospective 
single center
1974–1992

n = 100; all 
histologies

6 months Dyspnea and 
cough 
improved in all 
patients 
presenting 
with these 
symptoms; 
chest pain 
improved in 
85% of 
patients

N/A

(continued)
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 Results

 Quality of Life After EPP

Weder et al. studied self-reported QOL measures for 45 patients after neoadjuvant 
chemotherapy, EPP, and possible adjuvant radiation and showed that certain activity 
scores and physical symptoms including fatigue, dyspnea, and chest pain decreased 
from baseline in the first few months after surgery but returned by 6 months [4]. 
Psychological distress, the most significantly impaired measure, subsequently 
returned to near-baseline levels but overall self-reported QOL did not.

Ambrogi and colleagues used multiple tools to evaluate QOL in 29 patients. 
While the SF-36 improved in all mental and physical health aspects at 3 months, 
only the physical components remained above baseline at 12 months. By 24 months, 
all components were at or below baseline [5, 6]. Similarly, for the St. George 

Table 52.3 (continued)

Reference
Study design, 
time period Population

Duration 
of 
follow-up

Physical QOL 
findings

Mental QOL 
findings

Martin-Ucar 
(2001) [14]

Prospective 
single center
1997–2001

n = 51; all 
histologies; 
early stage 
excluded

12 months MRC Dyspnea 
Scores 
improved 
significantly in 
dyspnea and 
pain at 6 weeks 
and 3 months

N/A

Tanaka 
(2017, 2019) 
[15, 16]

Prospective 
single center
2013–2016

n = 16; no 
histology 
information 
provided

12 months SF-36 physical 
components 
initially 
decreased but 
returned to 
baseline

SF-36 mental 
components 
initially 
decreased but 
returned to 
baseline

Vigneswaran 
(2018) [17]

Prospective 
single center
2008–2015

n = 114; all 
histologies

11 months EORTC 
QLQ-C30 
overall health 
decreased at 
1 month but 
later improved 
in all groups; 
physical 
functioning, 
appetite and 
pain improved 
significantly at 
7–8 months

EORTC 
QLQ-C30 
emotional 
functioning 
showed 
significant early 
improvement; 
insomnia 
improved 
significantly at 
7–8 months

QOL quality of life, EORTC European Organisation for Research and Treatment of Cancer, WHO 
World Health Organization, PS performance status, MRC Medical Research Council, SF-36 
short form 36
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Respiratory Questionnaire, results showed initial improvement that worsened pro-
gressively through the rest of the study. Karnofsky scores also initially improved 
from baseline, but this improvement did not last.

In a small prospective study by Alvarez et al. comparing outcomes in patients 
undergoing EPP with adjuvant chemoradiation (n = 16/34) vs. definitive chemora-
diation alone, those completing trimodality therapy had Eastern Cooperative 
Oncology Group (ECOG) and Karnofsky scores of 1 and 74, respectively, at 
6 months and 0.8 and 82 at 12 months [7]. Patients in the non-surgery cohort had 
ECOG and Karnofsky scores of 1.7 and 46 at both time points. Without the baseline 
scores being reported for either cohort, it is difficult to determine whether bias in 
selection of fitter patients for the surgical cohort confounded these results.

In the Mesothelioma and Radical Surgery (MARS) feasibility trial, Treasure and 
co-investigators randomized patients to receive induction chemotherapy, EPP, and 
hemithoracic radiation or chemotherapy. The group reported lower median European 
Organization for Research and Treatment of Cancer (EORTC) Quality of Life in 
Cancer (QLQ-C30) and lung cancer-specific LC13 scores in the EPP group, though 
none of the differences was statistically significant [8]. While it was a laudable 
effort to attempt a prospective randomized controlled trial addressing the role of 
EPP, the study had numerous issues limiting conclusions that could be drawn from 
its results, including less than 50% of registered patients being randomized, high 
EPP mortality (12.5%, compared to reports in the literature of 3.2–6%) [9], and lack 
of data regarding time interval between start of chemotherapy and EPP [10].

 Quality of Life After EPD

Investigators from the University of Chicago followed EORTC QLQ-C30 scores in 
patients undergoing EPD with or without neoadjuvant chemotherapy and compared 
the data according to their baseline World Health Organization Performance Status 
(WHO PS). [11, 12] Those with PS 0 (no activity restrictions) had no significant 
change from baseline in nearly all measures including global health QOL, function-
ing scores, or symptom scores. Emotional functioning scores improved through 
8 months. When grouped together, patients with baseline PS 1 (restricted with stren-
uous activity) and PS 2 (ambulatory and active at least 50% of waking hours) 
showed improvement through 8 months. Importantly, there was variation in the che-
motherapy regimens used in these patients. For example, in the first series of 36 
patients, 3 received cisplatin or carboplatinum with pemetrexed as induction (3/36; 
8% of the total) or as adjuvant (30/36; 78%) therapy [11].

Soysal et al. assessed baseline physical symptoms in 100 patients undergoing 
EPD or partial pleurectomy and found that 100% of those with cough or dyspnea 
had either improvement or relief by 6 months [13]. The majority (n = 60/71; 85%) 
of those experiencing chest pain also reported improvement. As in other studies, the 
population in this study was heterogeneous, with 56% receiving what the authors 
termed “complete pleurectomy/decortication” and the remainder having gross 
residual tumor with removal of significant amounts of pleura “from the standpoint 
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of palliation.” Adjuvant treatment administration was also variable, with 24% 
receiving chemotherapy, 31% receiving radiation, and 20% receiving both.

Martin-Ucar et al. used the Medical Research Council Dyspnea Score to measure 
changes from baseline pain and dyspnea in 51 patients with later-stage disease after 
EPD [14]. Significant improvement was evident at 6 weeks and again at 3 months. 
Epithelial cell type and absence of weight loss were predictors for maintained 
symptomatic control.

Tanaka et al. used the SF-36 to assess QOL through 1 year after EPD with or 
without preoperative chemotherapy in 16 patients with mostly stage I disease [15, 
16]. Although exercise capacity was significantly diminished in the immediate post-
operative period, the decrease improved by 1  year and scores reached near- 
preoperative values. This was associated with changes in pulmonary function. 
While FEV1 and FVC initially decreased and did not recover fully, there was a 
subsequent significant improvement in FVC over time. All aspects of physical and 
mental functioning remained at or recovered to baseline levels by 1 year.

Vigneswaran et al. administered the EORTC QLQ-C30 to 114 patients through 
11 months after EPD, and found that patients with PS 1-2, non-epithelioid histol-
ogy, and large tumor volume demonstrated an initial decrease but then improvement 
over time in overall QOL, physical and social functioning, lack of appetite, pain, 
and insomnia [17].

Published findings of both physiologic and QOL outcomes after EPD are further 
obscured by the lack of a standardized definition for this procedure. Various series 
have included a mix of patients undergoing partial, extended and palliative pleurec-
tomy, resulting in a heterogeneous population and potentially confounded analyses. 
Rice et al. administered a survey to 62 surgeons actively performing “pleurectomy/
decortication” procedures for mesothelioma and found wide variation in their defi-
nitions. For example, resection with intent to remove all macroscopic tumor includ-
ing diaphragm and pericardium was termed “pleurectomy/decortication” by 40%, 
but was also referred to as “total pleurectomy” (39%), “radical pleurectomy/decor-
tication” (11%), “palliative debulking” (3.4%), and “partial pleurectomy” (3.4%). 
Resection with curative intent excluding diaphragm and pericardium was termed 
“radical pleurectomy/decortication” by 64%, but also “total pleurectomy” (19%) 
and “pleurectomy/decortication” (5%). Furthermore, respondents showed inconsis-
tency even in their definitions of procedural goals: 72% of respondents defined 
“pleurectomy/decortication” as removal of all gross visceral and parietal tumor with 
the objective of clearing macroscopic disease but 26% defined it as removal of vis-
ceral and parietal tumor for palliation with the intent of an R2 resection [18].

 EPP vs. EPD

When considering either operation for surgical resection in a patient with malignant 
pleural mesothelioma, careful assessment of patient physiologic reserve is war-
ranted, including a full cardiopulmonary workup. It has been suggested that patients 
undergoing EPP may benefit from having a predicted postoperative FEV1 of at least 
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1.2 L [19], considering the added morbidity of diaphragmatic and pericardial resec-
tion. In fact, despite the likelihood that EPP is more often performed on candidates 
with lower operative risk, EPD has been associated with much lower perioperative 
mortality and possibly increased long-term survival [9, 20].

There are few studies directly comparing QOL after EPD vs. EPP, and only one 
that directly compared subjective patient reports rather than physical findings. Rena 
et al. followed responses to the EORTC QLQ-C30 at 6 and 12 months for 77 patients 
undergoing EPD or EPP, and while both groups showed significant decline from 
baseline in all components at 6 months, there was a more pronounced effect in the 
EPP group [21]. While the EPD group improved to baseline levels by 12 months, 
the EPP cohort did not.

A meta-analysis by Schwartz et  al. included many of the studies mentioned 
above, ultimately extracting a total of 659 distinct mesothelioma patients. While 
acknowledging that the majority of the data was of low quality, the authors drew the 
following conclusions: QOL was diminished after either EPP or EPD for at least 
6 months after surgery, but it was worse for EPP patients across both physical and 
social measures. This analysis was limited by the relatively small amount of avail-
able data and the variable nature by which QOL was measured in each study [3].

 Conclusions and Recommendations

The majority of published data regarding quality of life after EPD or EPP comes 
from small, single center observational studies from which it is difficult to draw 
broadly applicable conclusions. There is only one attempted randomized controlled 
trial and it failed to accrue adequate sample size to draw meaningful conclusions. 
Quality is further hindered by lack of available long-term follow up and heterogene-
ity among procedures performed in retrospective series. Controversy persists 
whether EPD or EPP is the best therapeutic surgical option in the multimodality 
treatment of malignant pleural mesothelioma but QOL is a parameter that is being 
given appropriately increased attention and appears to favor EPD. Negative effects 
on quality of life may be more permanent after EPP, while improvements are short- 
lived. While the negative impacts of EPD may be less pronounced, it remains 
unclear whether QOL improves to baseline. More data is needed to determine the 
feasibility and timeline of full recovery.

We recommend that, to best preserve quality of life, EPD is favored over EPP 
when pursuing surgical treatment options.

Recommendation
• To best preserve quality of life, EPD is favored over EPP when pursuing 

surgical treatment for pleural mesothelioma (evidence quality low; weak 
recommendation).
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 A Personal View of the Data

In our practice, we follow the tenet that less is more with regard to surgery for 
malignant pleural mesothelioma, and opt for EPD whenever possible [22]. Local 
recurrence rates are high, and preservation of lung parenchyma, pericardium, and 
diaphragm may leave patients with greater physiologic reserve to withstand adju-
vant treatment and enjoy maximal quality of life.

References

 1. Taioli E, Wolf AS, Camacho-Rivera M, et  al. Determinants of survival in malignant pleu-
ral mesothelioma: a Surveillance, Epidemiology, and End Results (SEER) study of 14,228 
patients. PLoS One. 2015;10(12):e0145039.

 2. Schwartz RM, Watson A, Wolf A, Flores R, Taioli E. The impact of surgical approach on qual-
ity of life for pleural malignant mesothelioma. Ann Transl Med. 2017;5(11):230.

 3. Schwartz RM, Lieberman-Cribbin W, Wolf A, Flores RM, Taioli E. Systematic review of qual-
ity of life following pleurectomy decortication and extrapleural pneumonectomy for malignant 
pleural mesothelioma. BMC Cancer. 2018;18(1):1188.

 4. Weder W, Stahel RA, Bernhard J, et al. Multicenter trial of neo-adjuvant chemotherapy fol-
lowed by extrapleural pneumonectomy in malignant pleural mesothelioma. Ann Oncol. 
2007;18(7):1196–202.

 5. Ambrogi V, Mineo D, Gatti A, Pompeo E, Mineo TC.  Symptomatic and quality of life 
changes after extrapleural pneumonectomy for malignant pleural mesothelioma. J Surg Oncol. 
2009;100(3):199–204.

 6. Ambrogi V, Baldi A, Schillaci O, Mineo TC. Clinical impact of extrapleural pneumonectomy 
for malignant pleural mesothelioma. Ann Surg Oncol. 2012;19(5):1692–9.

 7. Alvarez JM, Hasani A, Segal A, et  al. Bilateral thoracoscopy, mediastinoscopy and lapa-
roscopy, in addition to CT, MRI and PET imaging, are essential to correctly stage and treat 
patients with mesothelioma prior to trimodality therapy. ANZ J Surg. 2009;79(10):734–8.

 8. Treasure T, Lang-Lazdunski L, Waller D, et al. Extra-pleural pneumonectomy versus no extra- 
pleural pneumonectomy for patients with malignant pleural mesothelioma: clinical outcomes 
of the Mesothelioma and Radical Surgery (MARS) randomised feasibility study. Lancet 
Oncol. 2011;12(8):763–72.

 9. Taioli E, Wolf AS, Flores RM. Meta-analysis of survival after pleurectomy decortication ver-
sus extrapleural pneumonectomy in mesothelioma. Ann Thorac Surg. 2015;99(2):472–80.

 10. Weder W, Stahel RA, Baas P, et al. The MARS feasibility trial: conclusions not supported by 
data. Lancet Oncol. 2011;12(12):1093–4.

 11. Burkholder D, Hadi D, Kunnavakkam R, et al. Effects of extended pleurectomy and decorti-
cation on quality of life and pulmonary function in patients with malignant pleural mesothe-
lioma. Ann Thorac Surg. 2015;99(5):1775–80.

 12. Mollberg NM, Vigneswaran Y, Kindler HL, et  al. Quality of life after radical pleurectomy 
decortication for malignant pleural mesothelioma. Ann Thorac Surg. 2012;94(4):1086–92.

 13. Soysal O, Karaoglanoglu N, Demiracan S, et al. Pleurectomy/decortication for palliation in 
malignant pleural mesothelioma: results of surgery. Eur J Cardiothorac Surg. 1997;11(2):210–3.

 14. Martin-Ucar AE, Edwards JG, Rengajaran A, Muller S, Waller DA. Palliative surgical debulk-
ing in malignant mesothelioma. Predictors of survival and symptom control. Eur J Cardiothorac 
Surg. 2001;20(6):1117–21.

 15. Tanaka T, Morishita S, Hashimoto M, et al. Physical function and health-related quality of life 
in patients undergoing surgical treatment for malignant pleural mesothelioma. Support Care 
Cancer. 2017;25(8):2569–75.

K. J. Song and A. S. Wolf



579

 16. Tanaka T, Morishita S, Hashimoto M, et al. Physical function and health-related quality of life 
in the convalescent phase in surgically treated patients with malignant pleural mesothelioma. 
Support Care Cancer. 2019;27(11):4107–13.

 17. Vigneswaran WT, Kircheva DY, Rodrigues AE, et al. Influence of pleurectomy and decorti-
cation in health-related quality of life among patients with malignant pleural mesothelioma. 
World J Surg. 2018;42(4):1036–45.

 18. Rice D, Rusch V, Pass H, et al. Recommendations for uniform definitions of surgical techniques 
for malignant pleural mesothelioma: a consensus report of the International Association for the 
Study of Lung Cancer International Staging Committee and the International Mesothelioma 
Interest Group. J Thorac Oncol. 2011;6(8):1304–12.

 19. Wolf AS, Daniel J, Sugarbaker DJ. Surgical techniques for multimodality treatment of malig-
nant pleural mesothelioma: extrapleural pneumonectomy and pleurectomy/decortication. 
Semin Thorac Cardiovasc Surg. 2009;21(2):132–48.

 20. Flores RM, Pass HI, Seshan VE, et  al. Extrapleural pneumonectomy versus pleurectomy/
decortication in the surgical management of malignant pleural mesothelioma: results in 663 
patients. J Thorac Cardiovasc Surg. 2008;135(3):620–6, 626.e621–623.

 21. Rena O, Casadio C. Extrapleural pneumonectomy for early stage malignant pleural mesothe-
lioma: a harmful procedure. Lung Cancer. 2012;77(1):151–5.

 22. Wolf AS, Flores RM.  Mesothelioma: live to fight another day. J Thorac Cardiovasc Surg. 
2018;155(4):1855–6.

52 Quality of Life: Extended Pleurectomy/Decortication vs Extrapleural…



Part VI

Mediastinum



583© Springer Nature Switzerland AG 2020
M. K. Ferguson (ed.), Difficult Decisions in Thoracic Surgery,  
Difficult Decisions in Surgery: An Evidence-Based Approach, 
https://doi.org/10.1007/978-3-030-47404-1_53

R. Dubois · J. Sonett (*) 
New York Presbyterian Hospital/Columbia University Medical Center, New York, NY, USA
e-mail: js2016@cumc.columbia.edu

53Does Thymectomy Improve Outcomes 
in Patients with Nonthymomatous 
Myasthenia Gravis?
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 Introduction

Myasthenia gravis (MG) is a rare autoimmune disorder affecting approximately 
7.77 per 100,000 population. The symptoms of MG can vary from weakness of the 
proximal appendicular muscles to the bulbar and ocular musculature and can have 
an insidious or more rapid onset [1, 2]. Though there are still questions regarding 
the origins of MG, the etiology of the process appears to stem from autoantibodies 
against the acetylcholine receptor at the neuromuscular junction, resulting in a 
decreased availability of these receptors [2].

Thymectomy for nonthymomatous MG has been utilized as one method of treat-
ment for many years. Early insights prompted a long legacy of various investiga-
tions into the role of thymectomy in MG [3–8]. Given that, until recently, many of 
the studies examining the treatment of MG have been observational or retrospective, 
there remains speculation regarding the best approach for treating non- thymomatous 
MG and in whom it would be beneficial. In this chapter, we depict the effects of 
thymectomy in patients with nonthymomatous MG as compared to medical man-
agement alone.

 Search Strategy

A literature search was conducted for articles only in English published between the 
years 1999 and 2019 using PubMed (Table 53.1). Literature searches included “thy-
mectomy AND myasthenia gravis,” “thymectomy,” thymectomy AND non- 
thymomatous myasthenia gravis” and “minimally-invasive thymectomy AND 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_53&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_53#ESM
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584

myasthenia gravis,” “myasthenia gravis AND treatment.” The results of the litera-
ture search (Table 53.2) included one prospective, randomized-controlled trial [9] 
and a companion follow-up study [10], and five retrospective, observational, or 
single-armed prospective studies [11–15].

 Results

 MGTX Trial

In 2006, 67 different medical centers across 18 countries began enrollment for a 
prospective, randomized, rater-blinded trial known as the Thymectomy Trial in 
Non-Thymomatous Myasthenia Gravis Patients Receiving Prednisone Therapy 
(MGTX trial) [9]. As the name suggests, this trial randomized patients with acetyl-
choline receptor antibody positive, nonthymomatous MG to standard transsternal 
thymectomy plus prednisone therapy or prednisone therapy alone, with the dual 
primary outcomes being time-weighted average Quantitative Myasthenia Gravis 
(QMG) score (a physician-rated scoring system which takes into account multiple 
variables including diplopia, facial muscle weakness, extremity weakness, and vital 
capacity) and time-weighted average prednisone dose at 36  months. Between 
September 2006 and November 2012, 126 patients were randomized in a 1:1 
fashion.

In the patients who received both prednisone and thymectomy, there was a sig-
nificantly lower time-weighted average QMG score at 3 years compared to patients 
receiving prednisone alone (6.15 vs 8.99; p < 0.001) [9]. This difference in QMG 
score was true for both patients with disease onset before 40 years of age and those 
with disease onset after 40 years of age. The thymectomy group also had a lower 
time-weighted average prednisone dose at 3 years compared to the prednisone-only 
group (44 mg vs 60 mg; p < 0.001). In addition to a significant improvement in the 
primary outcomes, the thymectomy group out-performed the prednisone-only group 
in hospitalization after randomization (9% vs 37%; p < 0.001) and the mean cumu-
lative number of hospital days (8.4 days vs 19.2 days; p  =  0.09). Thymectomy 
patients also had a higher minimal manifestation status (no symptoms or functional 
limitations from MG, but possibly some weakness in some muscle groups) at 
3 years (67% vs 47%; p = 0.008) and had lower use of azathioprine (17% vs 48%, 
p < 0.001). Furthermore, thymectomy appeared to not contribute any significant 
morbidity or mortality to the patients in the surgical group.

Table 53.1 PICO formatted terms for literature search

P (Patients)
I 
(Intervention) C (Comparator) O (Outcomes)

Patients with 
myasthenia gravis

Thymectomy Conventional medical 
treatment

Complete remission, improved 
symptomatology
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A follow-up to the MGTX study in 2019 examined the outcomes of 50 (26 thy-
mectomy plus prednisone and 24 prednisone only) patients from the trial at 5 years 
[10]. In line with the first iteration of the study, the thymectomy plus prednisone 
group had significantly lower time-weighted, average QMG scores (5.47 vs 9.34, 
p = 0.0007) and lower time-weighted, average prednisone dose (24 mg vs 48 mg, 
p = 0.002) at 5 years. Minimal manifestation status and azathioprine use were also 
improved in the thymectomy group compared to those patients that received pred-
nisone alone.

The MGTX trial was the first prospective, randomized controlled trial set out to 
investigate whether a true benefit existed for thymectomy in patients with nonthy-
momatous MG.  Despite the small sample size, the study showed significant 
improvements in metrics pertaining to not only medication need but also quality of 
life for patients undergoing thymectomy for MG. Patients who underwent thymec-
tomy not only had better symptomatology, but required less medication to achieve 
it. Furthermore, this trial proved that transsternal thymectomy for MG can be per-
formed with a superior treatment-related complication profile compared to medical 
therapy alone [9].

 The Approach

Since the origins of thymectomy, significant debate has existed regarding the opti-
mal surgical approach. In 1977, Jaretzki et al. demonstrated that small rests of extra- 
anatomic thymic tissue were present in some patients and strongly advocated for 
maximal resection via a combined transsternal and transcervical approach [16]. In a 
subsequent narrative in 1997, Jaretzki analyzed several approaches to thymectomy 
and concluded “the evidence indicates that there is a direct relationship between the 
extent of thymic resection and the results for any given severity of illness and length 
of post-operative follow-up…the more aggressive the resection, the higher the 
remission rate.” [17] With maximal thymectomy becoming the standard of care, 
questions lingered regarding how this could be achieved via a less invasive approach.

Popescu described one of the first reports of thoracoscopic thymectomy in a 
series of 25 patients [11]. In their left-sided thoracoscopic approach, they had no 
conversions to open thymectomy, an average hospital length of stay of 2 days, no 
mortality, and only one minor morbidity (right sided pneumothorax). More varia-
tions of a thoracoscopic approach soon followed with report of a transcervical- 
subxiphoid- videothoracoscopic approach involving three separate access points to 
achieve maximal thymectomy [12]. Results of this hybrid approach were promising 
in some regards, with an 18% complete remission rate at 1 year and 32% at 2 years. 
Ectopic thymic tissue was identified in 71% of patients. However, the study noted a 
15% morbidity rate, with complications including superior vena cava laceration in 
1, post-operative bleeding necessitating conversion in 2, and two minor wound 
complications.

In an effort to maintain the concept of maximal thymectomy yet reduce the mor-
bidity of an open or hybrid approach, additional studies looked at unilateral 
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video- assisted thoracoscopy (VATS) or robotic approaches to thymectomy [13–15, 
18]. Rückert published a series of 106 patients undergoing robot-assisted thymec-
tomy, with a complete stable remission rate of greater than 40% in both thymoma-
tous and non-thymomatous MG. They reported no mortality and a 2% morbidity 
incidence (one bleeding complication and one phrenic nerve injury) [13]. In 2011, 
a 10-year experience of thoracoscopic unilateral extended thymectomy showed a 
61% complete stable remission rate with a median time to complete stable remis-
sion of 18 months, no post-operative mortality, and 5% post-operative morbidity 
[14]. A comparison of VATS and robotic assisted thymectomy showed that robotic 
and VATS thymectomy had similar operative times (187 min vs 198 min), similar 
conversion rates (1.4% vs 1.3%), and similar post-operative morbidity (2.7% vs 
2.5%) [15].

 Subtypes

The classification and staging of MG is an ongoing endeavor of the research com-
munity. While acetylcholine receptor antibodies are the most widely known and 
studied biomarkers for MG, muscle-specific kinase (MuSK) antibody and lipopro-
tein receptor-related protein 4 (LRP4) have begun to draw attention as methods for 
defining certain subgroups of MG. Furthermore, the natural history and treatment 
algorithms of ocular MG and seronegative MG differ from that of early- onset, anti-
body positive disease and thus warrant a separate subgroup.

Since the completion of the MGTX trial, there is now strong evidence that ace-
tylcholine receptor antibody positive MG patients between 18 and 65 years of age 
have a clear and consistent benefit of thymectomy [9, 10]. Not only did these 
patients have significant improvements in clinical metrics such as decreased aver-
age daily dose of prednisone and fewer subsequent hospitalizations compared to the 
medically managed arm, but there were statistically significant improvements in 
quality of life metrics at both 3- and 5-year follow-up. Furthermore, treatment- 
related complications were not statistically significant between the two groups.

Although approximately 85% of patients with ocular MG will go on to devel-
oped generalized MG, there is no strong, high quality evidence that thymectomy in 
these patients prevents generalization or results in remission [19, 20]. Despite the 
lack strong of evidence, thymectomy remains a reasonable therapy in patients with 
ocular MG who have failed medical therapy and have acetylcholine receptor anti-
bodies [19, 20].

Myasthenia patients with MuSK antibodies, LRP4 antibodies, and those without 
detectable acetylcholine receptor antibodies (seronegative) are three additional sub-
groups in which the role of thymectomy is less clear. Approximately 1–3% of all 
patients with MG are LRP4 antibody positive and typically have mild to moderate 
symptoms [20, 21]. MuSK positive MG tends to have a worse symptom response to 
medical therapy than other subgroups and typically does not manifest with ocular 
MG [22, 23]. Ultimately, patients with LRP4 and MuSK positive myasthenia gravis 
tend to have normal thymic pathology and, although there is little data regarding 
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thymectomy in these subgroups, the data available suggests no response to surgical 
therapy [20, 23]. Furthermore, there is insufficient high quality evidence for the use 
of thymectomy in patients with seronegative disease [20]. On the other hand, con-
trary to MuSK and LRP4 positive MG, patients with seronegative MG may be con-
sidered for thymectomy if they do not respond to medical therapy and/or if the side 
effects of immunosuppressive therapy are not tolerated [24].

 Conclusions and Recommendations

A summary of the surgical approach to myasthenia gravis is provided in Table 53.3. 
Since the completion of the MGTX trial, we now have strong evidence that thymec-
tomy is beneficial in patients 18–65 years of age with acetylcholine receptor posi-
tive disease [9, 10]. This benefit is manifested in clinical metrics and in improved 
quality of life [9, 10]. There is no high quality evidence to suggest that patients with 
ocular or seronegative MG will benefit from thymectomy, however consensus 
guidelines maintain thymectomy is reasonable in select patients in these two sub-
groups who have features of generalized disease and are refractory or intolerant of 
medical therapy [20, 24]. Contrary to this, there appears to be no conclusive data 
that patients with LRP4 and MuSK MG benefit from thymectomy, thus resection is 
not recommended in these two subgroups [20, 23]. The optimal surgical approach 
for thymectomy has been the subject of many recent studies, and minimally- invasive 
approaches yield similar results compared to the open techniques previously 
described [11–15, 18]. As long as the tenets of maximal thymectomy are adhered to, 
safely removing as much mediastinal and cervical peri-thymic tissue and fat while 
protecting the phrenic and recurrent laryngeal nerves, a minimally invasive approach 
is advised and is now standard of care [25].

Table 53.3 Myasthenia gravis subgroups and role for thymectomy

Subgroup Antibody
Age of 
Onset Treatment

Early onset Acetylcholine 
receptor

<50 years Thymectomy

Late onset Acetylcholine 
receptor

>50 years Thymectomy for 50–65 years

Seronegative None detected Any age No high quality evidence for routine 
thymectomya

Ocular Variable Any age No high quality evidence for routine 
thymectomya

Muscle-specific 
kinase

MuSK antibody Any age Thymectomy not recommended

LRP4 LRP4 Any age Thymectomy not recommended
aConsensus recommendations reserve thymectomy in these groups for those patients who are 
refractory to or intolerant of medical therapy and/or show similarities to early-onset, gener-
alized MG
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 A Personal View of the Data

Based on the MGTX trial, we know that patients between the ages of 18–65 years 
who are acetylcholine receptor antibody positive benefit from thymectomy, thus 
these patients should be offered thymectomy as a part of their treatment. Minimally 
invasive extended maximal thymectomy should be offered to all of these patients. 
Patients who are acetylcholine receptor antibody positive and above 65 years of age 
with good functional status can be counseled on the risks and possible benefits of 
thymectomy, keeping in mind that the high quality evidence does not extend to this 
patient population. Furthermore, I discuss thymectomy with my patients with ocular 
and seronegative myasthenia gravis with symptoms that are poorly controlled or 
refractory to medical therapy. To date, there is no evidence to support any benefit of 
thymectomy in patients with MuSK or LRP4 antibodies and, thus, thymectomy is 
not recommended to this cohort.
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 Introduction

Thymoma is a relatively rare malignancy characterized by indolent growth mani-
festing mainly with local extension [1]. Usually, thymoma is asymptomatic and is 
discovered incidentally during imaging performed for other reasons. All thymomas 
should be resected due to their malignant potential and complete resection is an 
important factor in the treatment of thymomas [2]. However, reports of rates of 
unnecessary or nontherapeutic thymectomy ranging from 22% to 68% [3, 4] empha-
size the value of accurately diagnosing thymic lesions preoperatively. Furthermore, 
the preoperative assessment of the Masaoka stage which determines the treatment 
strategy for thymomas mandates more accurate imaging [5].

Computed tomography (CT) is generally the first choice and standard modality 
for diagnostic imaging of the thymus. Encapsulated thymomas typically appear as 
spherical or ovoid soft tissue lesions. They are well marginated and outlined by 
adjacent mediastinal fat [6]. However, partial or complete absence of fat planes 
around the tumor does not indicate the presence of an invasive thymoma [7]. In fact, 
sometimes thymic hyperplasia can be mistaken for an early stage thymoma. There 
is no reliable characteristic on CT that distinguishes an encapsulated thymoma from 
other entities including early invasive thymoma or thymic hyperplasia [4].

Magnetic resonance imaging (MRI) is another modality that is gaining increas-
ing importance in thoracic imaging. It is a substitute for CT for those patients with 
iodine allergy or renal failure, with the advantage of contrast resolution and lack of 
need for iodine-based intravenous contrast [8]. The role of MRI for staging thy-
moma continues to expand [9], and it also has potential use for distinguishing 
between early thymoma and thymic hyperplasia [10]. This chapter will focus on the 
MRI evaluation of suspected encapsulated thymoma.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_54&domain=pdf
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 Search Strategy

An English-language literature search of the PubMed was performed with the com-
bination of following keywords in query: ((thymus) OR (thymic gland) OR (thymic 
epithelial tumor) OR (thymoma) OR (thymic hyperplasia)) AND ((magnetic reso-
nance) OR (magnetic resonance imaging) OR (MR) OR (MRI)). The publishing 
time of article was limited to 2000–2019. In addition, current guidelines and major 
thoracic surgical text books were reviewed and references of included publications 
were screened for additional evidence. There were 1052 results returned in total, 
and 55 related publications regarding MRI differentiation of early stage thymoma or 
non-invasive thymoma or low risk thymoma were finally included for review 
(Table 54.1).

 Results

We identified few studies comparing MRI and CT scan directly to evaluate the diag-
nosis and staging of suspected encapsulated thymomas. However, some evidence 
could be collected for informing further investigations of this subject.

 Differentiation of Thymoma from Benign Thymic Conditions

The differentiation of thymoma from benign thymic conditions (thymic cyst and 
hyperplasia) is critical in the evaluation for surgical treatment. The differentiation 
between thymoma and thymic carcinoma is especially complicated, and CT is con-
sidered the imaging technique of choice currently. Thymoma is seen as a focal soft 
tissue mass on CT scan, whereas thymic hyperplasia shows a diffuse symmetrically 
enlarged gland [6].

Nevertheless, CT has limitations in differentiating thymic hyperplasia from thy-
moma in some conditions. Thymic lymphoid hyperplasia may display as a focal soft 
tissue mass; in contrast, thymoma may demonstrate diffuse enlargement in both 
lobes [11]. In these cases, CT results in indeterminate findings, whereas chemical 
shift MRI can diagnose thymic hyperplasia by detecting fatty infiltration within the 
thymus and is useful in its differentiation from neoplastic processes [12, 13].

Inaoka et al. reported a series of 41 patients consisting of 23 thymic hyperplasia 
and 18 thymic neoplasm, in which all patients with hyperplastic thymus showed an 
apparent decrease in the signal intensity of the thymus at opposed-phase (OP) 
images in contrast to in-phase (IP) images, while none of the patients with thymic 

Table 54.1 PICO formatted terms used for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients with thymoma or 
thymic hyperplasia

MRI None or any other 
examinations

MRI findings
Diagnostic accuracy
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tumors showed a decrease in signal intensity at opposed-phase images [13]. Similar 
results were reported by Priola et al. and Tuan et al., demonstrating significantly 
higher accuracy with MRI than that with CT in differentiating thymoma from non-
thymomatous abnormalities in both qualitative and quantitative assessments 
[11, 14].

Radiodensity in CT scan and chemical shift ratio [CSR] in MRI were generally 
used quantitatively in assessments of thymic tissue. A CSR of 1.0 is generally 
regarded as being indicative of neoplasm. However, some recent reports showed 
that even a normal thymus in an adult can occasionally have a CSR of about 1.0 or 
greater [15, 16]. So the interpretation of the CSR should never be made in isolation 
of other signal-related and morphologic features of the lesion, to avoid misinterpre-
tation and unnecessary thymectomy.

 Differentiation Between Early Stage and Advanced Stage 
Thymoma by MRI

In general, irregular contours, cystic or necrotic components, and heterogeneous 
enhancement are the featured characteristics on MRI of advanced thymic tumor, 
especially for thymic carcinomas [17, 18]. Diffusion weighted MR imaging (DWI) 
has been utilized to differentiate malignant from benign lesions in other organs. 
This technique creates contrast within an image based on diffusivity of water mol-
ecules within the tissues. It has been used in evaluation of thymic epithelial tumors 
(TETs) recently, and the apparent diffusion coefficient (ADC) value was assessed to 
identify early stage thymoma [19, 20]. The ADC values of early stage thymomas are 
significantly higher than those of advanced stage tumors [19]. A similar result was 
reported by Priola et al. [20] with findings based on a higher proportion of type B3 
tumors in the advanced stage group. Thus, it has been argued that it is pathological 
features, but not Masaoka stage, that determines the differences in DWI in thymic 
tumors [21]. In conclusion, it still controversial whether DWI is reliable for differ-
entiating early stage thymoma from more invasive tumors.

In 2017, Li et  al. [22] introduced the introvaxel incoherent motion (IVIM) 
scheme, based on DWI, for the evaluation of TETs, and the slow diffusion coeffi-
cient (D) value was found to be more effective than the ADC value in differentiating 
between early and advanced stage TETs. A decrease in D value was detected in 
advanced TETs according to their results.

In addition to DWI, dynamic MRI and cine MRI have also been applied in 
assessment of thymomas in recent years. In dynamic MRI, the peak time of time 
intensity curve (TIC) was used as the index for differentiating stages. A significant 
difference was found between early stage and stage III; the peak time of TIC shifted 
toward a delayed area as the stage of thymoma advanced [23]. It was also reported 
that cine MRI might be able to better evaluate the tumor invasion to adjacent struc-
tures. Thus, MRI has the potential for preoperative identification of advanced stage 
thymomas [24].

54 Magnetic Resonance Imaging for Evaluation of Suspected Encapsulated Thymoma
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 Differentiation Among Histologic Subtypes by MRI

The WHO pathological classification correlates to some extent with Masaoka stage 
and prognosis of thymoma, although there is no unequivocal correlation between 
them. The proportion of invasive thymomas increases from WHO type A to type B3 
thymomas, and the prognosis gets worse as the subtype moves from type A to type 
B3 [25–27]. Many studies categorize different histologic subtypes of thymoma into 
low risk (WHO types A-B1) and high risk (WHO types B2/B3) [18, 28]. The high- 
risk thymomas display irregular shape and contour more often than low-risk tumors 
on CT scan. There are also significant differences in the internal architecture seen 
on chest CT comparing high- and low-risk groups [28]. However, the findings are 
currently of limited value in differentiating the various histologic subtypes of 
thymomas.

Routine and dynamic contrast agent-enhanced MRI has similar accuracy to CT 
in differentiating low-risk from high-risk thymic epithelial tumors [17, 18]. In a 
manner similar to differentiating of early stage thymoma from more advanced 
stages, the ADC value in DWI can add some accuracy in differentiation between 
low-risk and high-risk histologic subtypes of thymoma [19, 20, 22, 29]. The ADC 
value is higher in low-risk thymomas than that of high-risk thymoma. Similarly, the 
D value in IVIM DWI introduced by Li et al. [22] has higher efficacy than ADC in 
differentiating between low-risk and high-risk tumors, because the D value reflects 
pure molecular diffusion more accurately. The limitations of MRI in differentiation 
among specific histologic subtypes are similar to those of CT. It cannot accurately 
determine specific subtypes within the WHO classification.

 Conclusions and Recommendations

Significantly higher accuracy is consistently reported in the literature for MRI than 
for CT in differentiating thymoma from nonthymomatous abnormalities. We rec-
ommend routine use of MRI for differentiating encapsulated thymoma from benign 
thymic conditions, although the evidence quality is moderate. There is no obvious 
advantage for MRI over CT in differentiating between early and advanced stage 
TETs. CT is still the standard imaging modality for thymomas. However, MRI may 
supplement CT in providing further information on anatomic details of invasion 
when present, which may assist in surgical planning. Hence, we recommend MRI 
for assessing possibly invasive thymomas. Both MRI and CT have similar accuracy 
in differentiating low-risk from high-risk thymic epithelial tumors. However, nei-
ther of them can differentiate histologic subtypes accurately. So we do not recom-
mend using MRI to differentiate among histologic subtypes of thymoma.

W. Weng and X. Li
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 A Personal View of the Data

Our personal view is that preoperative evaluation of suspected thymomas should be 
as accurate as possible in supporting decisions regarding surgery, as complete resec-
tion is the most important prognostic factor for survival from thymomas. CT scan is 
still the standard radiological imaging for preoperative evaluation and clinical stag-
ing. However, it has obvious limitations in differentiating thymoma from nonthy-
moma abnormalities, and it cannot provide much details about transcapsular 
invasion. Meanwhile, a growing body of literature in this area agrees that MRI is 
technically diversified compared with CT, which may be promising for further 
investigation in the evaluation of thymoma. Various parameters in MRI offer oppor-
tunities in seeking a suitable index of invasion status. We are using MRI more often 
to evaluate thymic malignancies before surgery and to make surgical plans. We look 
forward to novel research in this area to improve our clinical practice.
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55Robotic vs. Thoracoscopic Thymectomy 
for Thymoma
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 Introduction

The desire for a minimally invasive approach for thymectomy has a long history, 
with the first report of a transcervical approach published in 1912 by Sauerbach. 
Sternotomy was popularized by Blalock in the late 1930s and 1940s, and became 
the standard approach, especially for patients with a thymic mass [1]. Development 
of thoracoscopy in the 1990s led to interest in this technique for thymectomy with 
the first cases of thoracoscopic thymectomy being reported in 1993 [2, 3]. However, 
while it has been more widely adopted for pulmonary resection, video assisted tho-
racic surgery (VATS) for anterior mediastinal cases such as thymectomy remains 
challenging due to the much smaller working space within the anterior mediasti-
num, even with CO2 insufflation. The development of robotic surgery with instru-
ments that allow increased degrees of freedom, along with three-dimensional 
visualization, seemed well suited for minimally invasive surgery within the medias-
tinum. As such, robotic assisted thymectomy has been popular among thoracic sur-
geons, even among those perform VATS for their pulmonary resections, and the 
utilization of robotic approaches has increased with time [4]. The robot is not with-
out disadvantages, namely increased costs and a lack of haptic feedback. For encap-
sulated thymomas, it is not clear whether robotic assistance offers a measureable 
advantage over VATS. This question is discussed below according to the GRADE 
methodology.
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 Search Strategy

The primary comparator is VATS vs. robotic thymectomy for encapsulated thy-
moma (Table 55.1). The search strategy utilized PubMed with the following search 
terms: ((thymectomy) AND (VATS OR thoracoscopic OR Video-assisted) AND 
(robotic OR robot OR Robotic-assisted)) AND (RCT OR randomized OR 
randomized- controlled). Given the absence of any randomized controlled trials, the 
same search terms were used but without (RCT OR randomized OR randomized- 
controlled). This search for period 1990–2019 returned 93 studies, of which only 
five explicitly compared robotic and VATS approaches, and only four did so specifi-
cally for thymoma. Studies were limited to English language only. Review articles 
were not considered for primary analysis, but references lists were utilized to iden-
tify any other relevant studies.

 Results

The search strategy yielded no randomized controlled trials. There were several 
cohort studies that served as the basis for the comparisons. The key outcomes of 
interest were short-term outcomes, long-term outcomes, and costs. Procedural out-
comes included mortality, major morbidity and more specifically pulmonary com-
plications, minor complications, length of stay, chest tube output and duration, 
readmission, resection margin, conversion to open, and pain. Long-term outcomes 
were overall survival, disease specific survival, and recurrence. There was signifi-
cant heterogeneity within the results, with multiple studies including patients with 
encapsulated thymoma, non-encapsulated thymoma, and thymic carcinoma. Other 
studies looked at myasthenia gravis (MG) and thus included thymomatous and non- 
thymomatous MG patients. Most studies focused primarily on short-term outcomes 
including intra-operative measures, post-operative complications, and length of 
stay. The results of the primary studies used in the analyses are summarized in 
Table 55.2 [4–9].

 Short-Term Outcomes

The largest study was a propensity matched analysis of the National Cancer Data 
Base (NCDB) published in 2019 that compared 2558 patients who underwent either 

Table 55.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients with encapsulated 
thymoma

Robotic resection VATS resection Survival
Quality of life
Cost
Length of stay
Recurrence
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open (1978), VATS (280), or robotic (300) thymectomy for thymoma [4]. This paper 
was not limited to encapsulated thymoma, and in 21% of VATS patients and 17% of 
robotic patients the tumor invaded either the surrounding tissue or an adjacent 
organ, while 15% of VATS and 10% of robotic patients had thymic carcinoma. In 
their propensity matched analysis of 197 patients in each group, there was no differ-
ence in 30 day or 90 mortality rates between VATS and robotic approaches, which 
was excellent in both groups at 1%. There was no difference in length of stay or 
readmission. The only significant difference between the groups was that the con-
version rate to open was lower in the robotic group (11% vs. 23%).

Other direct comparisons between robotic and VATS include several small single 
institutional retrospective cohort studies. A paper by Sehitogullari et al. compared 
24 VATS patients with 21 robotic patients [5]. Short term outcomes showed 
decreased average chest tube drainage amount and chest tube duration for robotic 
compared to VATS (210 mL, 3 days vs. 325 mL, 5 days), and decreased length of 
stay, likely related to chest tube duration (robotic 4.1 days vs. VATS 5.3 days).

Two similar studies, both from the Shanghai Chest Hospital, also showed lower 
chest tube output, shorter chest tube duration, and a shorter length of stay for a 
robotic vs. VATS approach [6, 7]. The more recent of these two publications found 
that overall operative time for robotic was slightly longer at 95 min vs. 79 min, but 
this was not significant and included robotic set up. They did show that over their 
series, robotic set up time decreased significantly over time, and the overall opera-
tive time excluding set up favored a robotic approach (71 min vs. 79 min), but again 
this was not statistically significant [6].

In contrast to these studies, a case series from the Mayo Clinic comparing 45 
VATS thymectomies to 11 robotic thymectomies found that robotic procedures had 
a longer OR time (178 min vs. 102 min) and increased EBL (160 mL vs. 65 mL) 
compared with VATS [8]. In this study length of stay was similar (1.5 days for VATS 
vs. 2.1 days for robotic). The VATS group had more post-operative complications 
(16% vs. 9%) although that difference was not statistically significant. Of note, the 
complications in the VATS group included phrenic nerve injury (3 patients), pericar-
ditis (2 patients), pleural effusion (1 patient), and atrial fibrillation (1 patient), with 
one patient with phrenic nerve palsy requiring reoperation. In the robotic group, the 
only post-operative complication was one patient with urinary retention requiring 
catheterization. In this series, only 48% of patients had thymoma, and of these, only 
67% were encapsulated. It is also not clear from the results if the pathologies were 
equally distributed between the approaches.

The largest institutional series of VATS vs. robotic thymectomy was a German 
study that compared 79 VATS to 74 robotic patients undergoing thymectomy for 
MG with only 11% overall having a thymoma (14.8% robotic vs. 7.6% of VATS 
patients) [9]. They demonstrated slightly shorter OR times for robotic thymectomy 
with no difference in conversion to open (1.4% robotic vs. 1.3% VATS) and no dif-
ference in complication rates (2.7% for robotic vs. 2.5% for VATS). They did not 
look at length of stay.

The only study to examine cost was done by Ye et al. and found that the robotic 
approach was more expensive, with average hospital costs of $8662 for robotic 
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compared to $6097 for VATS [7]. No North American studies compared costs, and 
the methods in the Ye study do not describe in detail what specific factors were 
accounted for in cost. Reduction in length of stay was generally cited in North 
American studies as being a significant cost saver for any procedure, and based on 
specific payor models, has been shown to lead to an overall cost savings, despite 
higher procedural costs often associated with the robot. The Ye paper however, may 
be a more objective and realistic assessment, at least in this author’s opinion, as the 
“cost” savings associated with a decreased LOS are often not the hard dollar costs 
of having a patient in the hospital, but the charges or payments received for an aver-
age DRG, averaged out over the length of stay. Thus, when a length of stay is short-
ened, and a new patient can fill that bed, the “cost savings” are the realized revenue 
from filling that bed with a new patient, and not a true reduction in cost.

 Oncologic and Long Term Outcomes

There was no significant difference in long term or oncologic outcomes in any of the 
papers. In the large NCDB analysis, which does not include data on recurrence, 
overall survival was excellent in both groups (robotic 93% vs. VATS 94%) and was 
not significantly different [4]. Short term oncologic outcomes were also similar, 
with no difference in R0 resection rates or lymph node retrieval. The study by Qian 
et al. showed 100% overall survival for both groups with mean follow up of 420 and 
701 days respectively for robotic and VATS [6].

 Conclusions and Recommendations

The majority of the data comparing approaches for thymectomy compare minimally 
invasive to open techniques. Specific comparisons between VATS and robotic thy-
mectomy for thymoma are limited to small institutional case series and one larger 
retrospective database analysis. Thus the quality of these papers is low to moderate 
at best. The populations are heterogeneous, including patients with myasthenia gra-
vis, non-encapsulated thymomas, and thymic carcinoma. For oncologic outcomes, 
including resection status, recurrence, and overall survival, none of the studies 
showed any significant difference between a VATS and robotic approach. The larg-
est study, which included a large portion of patients with non-encapsulated disease, 
showed a difference only in conversion rate but in no other short term outcomes. 
The several smaller institutional studies, in contrast, all showed a shorter length of 
stay for a robotic approach, save for the Mayo series which showed no difference, 
largely driven by shorter chest tube duration, but no difference in conversion rates. 
There was also increased cost associated with a robotic approach in one of the sin-
gle institution studies. Given these findings, my recommendation is that robotic 
thymectomy is favored over thoracoscopic thymectomy for encapsulated thymomas 
based largely on decreased length of stay and chest tube duration. There is no evi-
dence to support a recommendation in favor of a robotic approach over a VATS 
approach based on oncologic or long term data.

55 Robotic vs. Thoracoscopic Thymectomy for Thymoma
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 A Personal View of the Data

The excellent oncologic prognosis for encapsulated thymoma overall means it will 
be essentially impossible to show any significant difference with respect to these 
long term outcomes based on the surgical approach. The available evidence sug-
gests a small but real improvement in length of stay and chest tube duration. It is my 
opinion that the true advantage to a robotic approach for encapsulated thymoma is 
the development of this skill set for the more complex mediastinal tumors one may 
encounter. The large propensity matched analysis from the NCDB showed a signifi-
cant reduction in conversion rate. Importantly, this was the most heterogeneous 
population with a significant proportion of larger, non-encapsulated tumors, and 
thymic carcinoma. For these more complex resections, the technical limitations of 
standard thoracoscopy become more apparent. In these circumstances, having a 
robotic skill set will allow more surgeons to resect these tumors using a minimally 
invasive approach. With that caveat, the robotic approach remains more expensive, 
and for many surgeons, when facing larger tumors with invasion into surrounding 
structures, an open approach will still be the correct choice.
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 Introduction

Parathyroid adenoma is the main cause of primary hyperparathyroidism (PHPT), 
which is usually first suspected because of the finding of hypercalcemia. Parathyroid 
surgery is recommended as a definitive therapy for PHPT patients presenting with 
nephrolithiasis, bone fractures, symptomatic hypercalcemia, or other symptoms.

The prevalence of ectopic parathyroid adenoma (EPA) outside the cervical region 
is approximately 20% in unexplored patients with PHPT [1–3], but can be as high 
as 66% in re-operative patients [4, 5]. The mediastinum is a common location for 
EPA, hence the resection of mediastinal parathyroid adenoma is in high demand. 
Based on growing experience with minimally invasive mediastinal surgery, a series 
of minimally invasive EPA resections was first published in 1994 [6]. However, due 
to the lack of well-designed clinical trials, the feasibility and efficacy of minimally 
invasive resection for EPA remain controversial. In this chapter, we discuss the ther-
apeutic effect, rate of incomplete resection, cost, length of stay, and quality of life 
in patients with mediastinal parathyroid adenomas receiving minimally invasive 
resection compared with those receiving sternotomy or thoracotomy.

 Search Strategy

A literature search of PubMed (MEDLINE), EMBASE and the Cochrane Library 
was conducted for articles published in English during 2009–2019 using the search 
terms “parathyroid adenoma” AND (“VATS” OR “video assisted thoracoscopic sur-
gery” OR “minimally invasive”). Due to the lack of high-quality evidence, only one 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_56&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_56#ESM
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cohort study and ten case series were included (Table 56.1). Several single case 
reports were also reviewed for additional information. The quality of evidence was 
classified using the GRADE system.

 Results

 Pre-operative Imaging Modalities

Incomplete excision of parathyroid adenoma is the most common cause of persis-
tent PHPT [7]. As a result, EPA can comprise up to 66% of missed adenomas in 
failed initial parathyroidectomies [3–5]. Pre-operative imaging is essential for ana-
tomical localization of the glands and their relationship to nearby structures, either 
for primary or re-operative settings. In addition, precise localization helps to iden-
tify candidates for minimally invasive procedures [3].

Sestamibi scintigraphy using the 99mTc radiotracer is recommended for localiz-
ing parathyroid adenomas [8], especially for those patients with elevated serum 
calcium and parathyroid hormone (PTH) levels who fail to demonstrate abnormality 
in ultrasound and contrast enhanced computed tomography (CT) of neck and thorax 
[9, 10].

For the sake of comprehensive planning of the surgical procedure, CT or mag-
netic resonance imaging (MRI) scan should be performed to accurately identify the 
location of adenomas and potential abnormal anatomical structures. For example, 
Nakada et al. reported a case of successful video-assisted resection of a retroesopha-
geal parathyroid adenoma with an aberrant right subclavian artery owing to the 
three-dimensional CT performed preoperatively [11].

Amer et al. [12] and Adachi et al. [13] utilized methylene blue (MB) to identify 
mediastinal parathyroid adenomas intraoperatively. The intravenous injection of 
MB immediately before the intervention proved to be a useful technique to ensure 
sufficient surgical margins, but the dose of MB they had used varied from 0.5 to 
4 mg/kg and so has not yet been standardized.

 Comparison of Different Surgical Approaches

Most parathyroid adenomas located in the upper mediastinum can be resected by a 
cervical approach. For the adenomas not accessible from a standard cervical inci-
sion, median sternotomy and thoracotomy used to be advocated for safe and 

Table 56.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients with 
mediastinal 
parathyroid 
adenomas

Minimally 
invasive resection

Sternotomy or 
thoracotomy

Therapeutic effect, incomplete 
resection, cost, length of stay, 
quality of life

Y. Cao and H. Li
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successful parathyroidectomy [14]. To deal with the postoperative pain, prolonged 
hospital stay, and high complications rates, video-assisted thoracoscopic surgery 
(VATS) for ectopic mediastinal parathyroid adenoma was first described by Prinz 
et al. in 1994 [6]. More recently, robotic-assisted thoracic surgery (RATS) has also 
been introduced to refine the dissection and optimize the view for performing medi-
astinal parathyroidectomy [15].

Du et al. conducted a cohort study to compare the therapeutic efficacy of VATS 
with open surgery in the treatment of mediastinal parathyroid tumors. Among 21 
patients included, 9 cases were treated with VATS while 13 cases were treated with 
open surgery, and the pathology confirmed the diagnosis of EPA in 16 cases. In 
contrast to conventional open surgery, the cost of VATS was relatively higher 
(22,456 ± 652 vs. 15,122 ± 451 RMB, p < 0.05). However, VATS was superior to 
open surgery in terms of shorter operation time (68 ± 22 vs. 90 ± 35 min, p < 0.05), 
less blood loss (55 ± 15 vs. 105 ± 35 mL, p < 0.05), shorter post-operative hospital 
stay (3.5 ± 1.5 vs. 5.5 ± 2.5 day, p < 0.05), and quicker removal of drainage tube 
(2.5 ± 1.5 vs. 4.5 ± 2.5 days, p < 0.05) [16]. Additionally, the case series reported by 
Nagano et al. indicated that the single-incision subxiphoid approach, without going 
through the intercostal space, reduced the frequency of post-thoracotomy pain syn-
drome and revealed superior aesthetic outcomes [17].

Several case series of RATS demonstrated similar clinical results as VATS for the 
resection of mediastinal parathyroid adenomas, but suggested added benefits of 
optimized visualization, dexterity, and ability to suture [18–20].

No mortality was reported in the cited studies, indicating the safety of minimally 
invasive surgery for mediastinal parathyroid adenomas. However, four conversions 
to thoracotomy or sternotomy were described due to bleeding or failure to remove 
the tumor during thoracoscopy [12, 14, 16, 21].

 Peri-operative Hormone Monitoring

A majority of patients with parathyroid adenomas demonstrate an elevated level of 
PTH, which can lead to nephrolithiasis, low bone mineral density, nephrocalcinosis, 
kidney stones, or other clinical manifestations [22–25]. The goal of parathyroid 
surgery is the removal of parathyroid adenomas and thereby the cure of biochemical 
abnormalities.

Ward et al. [20] and Medbery et al. [26] performed intraoperative PTH monitor-
ing and an appropriate decline in PTH levels was observed in all patients shortly 
after the removal of ectopic mediastinal parathyroid adenomas.

 Conclusions and Recommendations

The quality of evidence and clinical outcomes of the cited literatures are outlined in 
Table 56.2. Minimally invasive surgery, either VATS or RATS, is a safe and feasible 
procedure for the resection of mediastinal parathyroid adenomas. However, only 
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one cohort study shows moderate evidence of the superiority of VATS over open 
surgery. Regardless of which surgical approach is used, pre-operative imaging 
localization of glands and peri-operative monitoring of PTH are important for a 
complete resection and thereby cure of parathyroid adenoma.

 A Personal View of the Data

According to my personal experience, mediastinal parathyroid adenoma is rela-
tively rare and heterogeneous, and is more frequently initially assessed by endo-
crine surgeons or medical endocrinologists. However, the diagnosis and management 
of ectopic mediastinal parathyroid adenomas require the combined efforts of a mul-
tidisciplinary team (MDT). For those patients who meet the indications of medias-
tinal parathyroidectomy, minimally invasive procedures, either VATS or RATS, 
should be performed by experienced thoracic surgeons. Viewing the lack of high- 
quality evidence, it is not possible to provide strong recommendations, and well 
designed prospective clinical trials should be brought into practice in the future to 
compare different surgical approaches for mediastinal parathyroid adenoma 
resection.
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57Thymectomy in the Setting  
of Pleural Metastasis
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 Introduction

Thymic epithelial tumors (TETs) are extremely rare, with an overall incidence of 
0.13 per 100,000 person-years [1]. Most cases are diagnosed with localized disease 
(stage I–III), however, initial presentation of these tumors with non-contiguous 
pleural spreading occurs in 7–11% of patients [2, 3]. Furthermore, after a curative 
intent surgical resection for stage I–III tumors, recurrence is reported in 10% to 30% 
of patients [4–6], and the pleura represents the most frequent site of recurrence. 
Pleural recurrence is seen in 46–80% of recurrences [4, 7–10].

Complete resection is the mainstay of treatment for patients with TETs and rep-
resents the most important determinant of long-term survival [2, 5, 11]. Although 
disease with pleural spreading makes it very difficult to perform an en bloc resec-
tion, metastatic disease confined to the chest still allows the potential for complete 
resection. The slow-growing behavior of thymomas and the common presentation 
in middle-aged patients who are otherwise healthy has encouraged different modali-
ties of surgical treatment in order to achieve complete resection and the best disease 
control in Masaoka IVA TETs.

Pleural involvement varies greatly, from a single implant to diffuse and invasive 
patterns mimicking mesothelioma. Local pleurectomy, complete parietal pleurec-
tomy, parietal and visceral pleurectomy, lung, diaphragm, phrenic nerve and vascu-
lar resections, extrapleural pneumonectomy (EPP), and resections combined with 
hyperthermic intrapleural perfusions have been employed in these patients. 
Multimodality treatments using chemotherapy and radiation therapy, before or after 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_57&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_57#ESM
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pleural resection, are often used, however the best approach has still not been 
clarified.

In this chapter, we review published data regarding surgical treatment of TETs 
with pleural involvement, focusing mainly on the initial presentation (de novo 
Masaoka IVA) disease, analysing the level of evidence and outcomes of published 
studies.

 Search Strategy

We performed a MEDLINE, EMBASE and Cochrane literature search for studies 
published 2000–2019. We used the following keyword terms to identify relevant 
literature: “thymic tumors”, “thymoma”, “thymic carcinoma”, “advanced thy-
moma”, “thymectomy”, “pleural metastasis”, “pleurectomy”, “extrapleural pneu-
monectomy” and “pleural chemoperfusion”. Abstracts were read and excluded if 
they did not meet the goals of the chapter. The reference lists of reviewed manu-
scripts were also reviewed to identify additional literature relevant to the chapter. 
The search was limited to articles published in the English language. Papers address-
ing only treatment of pleural relapses, without patients with pleural metastasis at 
initial presentation (de novo Masaoka IVA), were excluded. Case reports were not 
included in this review. The PICO search criteria are summarized in Table 57.1.

 Results

Twenty-one studies met search criteria. Due to rarity of this disease, there are no 
randomized clinical trials evaluating the treatment of TETs with pleural metastases 
and this probably will never be possible. Most studies consist of retrospective analy-
ses of single-center experiences, with small numbers of patients and varying selec-
tion criteria, treatments employed, and results obtained, whose heterogeneity makes 
it difficult to draw conclusions. Considering these limitations, national and interna-
tional associations such as the International Thymic Malignancies Interest Group 
(ITMIG), European Society of Thoracic Surgery (ESTS), and Japanese Association 
for Research on the Thymus (JART) have recently collected data in multi- institutional 
databases, allowing for larger cohorts and providing more robust results.

Table 57.1 PICO formatted terms for literature search

Patients Intervention Comparator Outcomes
TETs with pleural 
involvement (Masaoka 
IVA)

Surgical 
resection

Other treatments 
(without surgical 
resection)

Overall survival
Disease-free survival
Perioperative morbidity
Mortality

TETs thymic epithelial tumors

S. A. Soder and M. Liberman
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TETs may initially present with pleural metastasis (de novo Masaoka IVA) while 
other patients experience pleural relapses after thymic resection. The intrinsic bio-
logical differences of these two groups must be taken into consideration when ana-
lyzing the literature. Heterogeneity also extends to the type of treatment offered, 
based on the extent of disease, ranging from local pleurectomy in cases of minor 
parietal pleural involvement, to extrapleural pneumonectomy.

Tables 57.2 and 57.3 summarize the studies evaluating surgical resection for 
TETs with pleural involvement, highlighting the proportion of patients with initial 
Masaoka IVA or recurrences, rate of thymic carcinomas, EPPs, multimodality treat-
ment employed, rate of complete resection and oncological outcomes [12–26].

 Historical Results

Kondo and Monden [2] published a multi-institutional retrospective review of 1320 
patients with TETs in all Masaoka stages, treated in Japan between 1990–1994. 
Resectability rate for Masaoka stage IVA thymomas was 42%, and recurrence rate 
for completely resected Masaoka stage IV thymomas was 34%. The 5-year survival 
of stage IVA and IVB thymomas and stage IV thymic carcinoma were 70.6%, 
52.8% and 37.6%, respectively. In stage III and IV thymoma, the importance of 
complete resection was emphasized, however, even subtotal resection was associ-
ated with improved survival compared to inoperable groups, with 5-year survival 
rates for complete resection, subtotal resection and inoperable groups of 92.2%, 
64.4% and 35.6%, respectively. On the other hand, in thymic carcinoma (stages III 
and IV), the 5-year survival rates after complete resection, subtotal resection and 
inoperable groups were 66.9%, 30.1% and 24.2%, with significant difference 
between the first group and the others, without significant difference between sub-
total resection and inoperable groups.

Kim et al. [12] prospectively evaluated the feasibility and outcomes of multimo-
dality treatment in 22 patients with stage III and IV proven thymoma that were 
deemed unresectable. Major response after induction chemotherapy was observed 
in 77% of patients and they achieved a 76% complete resection rate. The overall and 
progression-free survival rates at 5 years were 95% and 77%, respectively.

 Results of EPP

Results of EPP for stage IVA thymoma were addressed by Wright [13] in 5 patients. 
There were no surgical mortalities but one patient had a cardiac tamponade. After 
reaching high rates of complete resection, they observed a 60% recurrence rate, 
with a median survival of 86 months and an overall 5-year survival of 75%.

Fabre et al. [19] reviewed results of 17 patients who underwent EPP (53% at 
initial presentation). Multimodality treatment was used in 82% of the cohort. Major 
complications were observed in 47% of the cases, including a 23% broncho-pleural 
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fistulae rate. The 30 and 90-day mortality was 17.6% and 29.4%, respectively. The 
overall 5- and 10-year survivals were 60% and 30%, respectively, with recurrence 
occurring in two patients (26 and 87 months).

Huang et al. [14] evaluated results of 18 patients with Masaoka stage IVA thymo-
mas. All patients received preoperative chemotherapy. They performed four EPPs 
and reached a 67% rate of complete macroscopic resection (CMR), without periop-
erative mortality. With a median follow-up of 32 months, they reported 3-, 5- and 
10-year overall survivals of 91%, 78% and 65%, respectively.

Ishikawa et al. [15] performed 4 EPPs (2 in recurrent disease) in 11 patients with 
stage IVA thymoma. Induction chemotherapy was administered in most patients, 
with an overall response rate of 75%. Postoperative radiotherapy was indicated for 
incompletely resected tumors or residual disease. Mortality at 30 days was 0% and 
overall survival rates were 81% at 5 years and 70% at 10 years. Local recurrence- 
free survival was 75% at both 5 and 10 years for the EPP group and 16% and 0%, 
respectively, for the non-EPP group (p = 0.06).

 Prognostic Factors

Complete resection was shown to be a positive prognostic factor in different 
series. Yano et  al. [16] reported long-term outcomes of 21 surgically treated 
patients, with an overall survival at 3, 5 and 10  years of 87.5%, 73.1% and 
37.6%, respectively. Resected patients experienced better prognosis than 
patients without resection (p  =  0.0006) and relapses were less frequent in 
patients who underwent total resection than in patients who underwent subtotal 
resection (p = 0.009).

Rena et al. [20] described a multimodal approach to stage IVA thymomas at ini-
tial presentation, this consisted of induction chemotherapy, surgery only for 
responders to induction and postoperative mediastinal radiation therapy. Most 
patients (88.9%) were considered responders and underwent surgery, with CMR 
rate of 62.5%. All patients with incomplete resection progressed and 50% of those 
who achieved complete resection relapsed. Overall survival at 5- and 10-year was 
85% and 53%. Disease-specific survival was significantly better in patients with 
complete resection than those with incomplete resection; 10-year survivals were 
52% vs 0%, respectively (p = 0.048).

Murakawa et al. [22] evaluated outcomes of 13 patients, including 2 EPPs per-
formed in de novo cases, achieving CMR rate of 100%. Overall and recurrence-free 
survival at 5 years were 92.3% and 33.3%, respectively.

In an analysis of surgical exploration in patients with clinical stage IVA thymic 
malignancies, Bölükbas et al. [23] detected intraoperatively non-resectable disease 
in 4 patients and lymph node metastasis in 5 patients (upstaging to Masaoka IVB). 
Five-year survival for the resectable group was 75% and unresectability was inde-
pendently associated with worse survival (HR 7.8; p = 0.019).
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 Information from Large Databases

Analysis from large databases have contributed more robust evidence regarding 
oncological outcomes of this rare disease. In 2014, Okuda et al. [21] published a 
retrospective analysis of 32 centers that participated in the JART Database. There 
were 136 patients with thymoma with pleural dissemination treated surgically (118 
had stage IVA and 18 stage IVB). Only 8 patients underwent EPP (5.9%). Reported 
CMR of entire cohort was 33.8% and the number of pleural nodules was correlated 
with resectability (p = 0.0016). Patients with 10 or fewer pleural nodules had a bet-
ter prognosis than those with 11 or more (p = 0.0057) and cases in which CMR was 
obtained had a better prognosis than those with residual tumor (p = 0.0037). The 
5-year survival of patients with stage IVA thymomas was 86.7%, while for those 
undergoing EPP was 70%.

In 2015, Hamaji and Burt [24] published a review of the Surveillance, 
Epidemiology, and End Results (SEER) database, identifying patients with stage IV 
thymoma (n = 282). Of this population, 110 patients underwent surgical resection, 
with a complete resection rate of 51.8%. The 5- and 10-year OS for surgical patients 
was 66.8% and 35.3%, respectively, and for nonsurgical patients was 26.4% and 
18.9%, respectively (p < 0.001). Patients who underwent complete resection did not 
have OS or cancer specific survival (CSS) statistically different from those patients 
who underwent incomplete resection.

Using a task force from the European Society of Thoracic Surgery (ESTS) 
Thymic Working Group, Moser et al. [25] published a retrospective analysis of 152 
patients with thymic malignancies (45 with recurrent disease—scenario 1—and 107 
with de novo stage IVA—scenario 2). Forty EPPs were performed—8 in scenario 1 
(18.2% of cases) and 32 in scenario 2 (29.9% of cases), achieving R0 resection in 
91% and 71% of cases in scenarios 1 and 2, respectively. Overall survival at 5 and 
10-years was 87.2% and 62.7%, respectively. There were statistically significant 
differences in OS at 3, 5 and 10 years between primary pleural surgery and surgery 
for pleural recurrence, and between complete (R0) and incomplete resections. 
Calculation of OS, DFS, cancer specific survival (CSS) and freedom from recur-
rence (FFR) for thymomas and thymic carcinomas (TCs) revealed statistically sig-
nificant differences in all analyses favoring thymoma over TC.  At multivariable 
analysis, TCs had a negative effect on OS compared to thymomas [HR 6.506; 
p = 0.002], CSS and FFR. After multivariable analysis only in patients with com-
plete resection, a negative impact on OS was observed in male sex [HR 3.176; 
p = 0.025], TC [HR 3.988; p = 0.013] and primary pleural surgery compared with 
surgery for pleural recurrence [HR 4.132; p = 0.040].

Recently, Kaba et al. [26] published a single-institutional review of 39 patients 
with stage IVA malignancies (30 patients with thymoma and 9 with TC) undergoing 
surgical resection, 66% of patients had de novo disease. Three EPPs were per-
formed, with 33% perioperative mortality (0% for all other procedures). Overall 3, 
5 and 10 year survival rates were 93%, 93% and 56% for entire cohort, and 90%, 
90% and 72% for primary pleural surgeries, respectively.
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 Hyperthermic Perfusion

Looking to enhance locoregional control in a large cavity, hyperthermic intratho-
racic perfusion chemotherapy (HITHOC) has been administered in addition to 
resection of thymoma metastases. Refaely et al. [27] analysed an institutional expe-
rience of 15 patients with stage IVA thymic malignancies (9 with de novo disease) 
receiving HITHOC. After achieving R0 and CMR rates of 67% and 80%, respec-
tively, 5-year overall survival was 55% for the entire cohort and 70% for thymoma 
patients. In a large series of HITHOC for pleural malignancies, Kodama et al. [28] 
described results of 12 patients with stage IV TETs, including 16% EPPs. Freedom 
from recurrence at 5-year was 65% and overall survival at 5 and 10 years was 91.7% 
and 73.3%, respectively. However, results of HITHOC for thymic carcinoma have 
been disappointing. Yellin et al. [29] evaluated outcomes of 35 stage IVA patients 
(31 with thymoma and 4 with TC) undergoing surgical resection and 
HITHOC. Median survival for de novo thymomas, recurrent thymomas and thymic 
carcinomas was 184, 140 and 34 months respectively, with overall survival for the 
three groups being 81%, 67% and 0% at 5 years and 73%, 56% and 0%, respectively.

HITHOC is a promising therapy for reaching better local control of disease, with 
a low mortality rate and without significant toxicity. However, comparative studies 
addressing efficacy of these therapies over resection alone are not available. Studies 
evaluating use of hyperthermic intrapleural chemoperfusions for thymic malignan-
cies with pleural involvement are summarized in Table 57.4 [27–32].

 Conclusions and Recommendations

Even though there are no prospective, controlled studies comparing surgical to non- 
surgical treatment of TETs with pleural dissemination, the best available data sug-
gest that surgical resection, when feasible, offers better disease control and long-term 
survival compared to non-surgical approaches. The most important prognostic fac-
tor in studies evaluating thymoma and thymic carcinoma with pleural metastasis is 
complete resection. The goal of resection should be complete macroscopic and 
microscopic resection (R0). EPP is associated with high postoperative morbidity 
and mortality, however, in patients with significant pleural and pulmonary involve-
ment it is often the only option to achieve an R0 resection.

The number of pleural implants has been correlated with prognosis [33]. The 
presence of more than ten implants is associated with worse outcomes in de novo 
Masaoka IVA patients [21] as well as in those with recurrent disease [30]. These 
findings could be explained by a less aggressive tumor nature and, theoretically, by 
a higher probability of achieving a complete resection. However, this should not 
discourage resection in patients with more voluminous, but resectable, disease. 
Subtotal resection in thymoma patients may still have a benefit compared to inoper-
able patients, and this is confirmed with data from a large retrospective database [2]. 
However, subtotal resection was not demonstrated to be beneficial in TCs, and only 
complete resection has a prognostic value in this population.

S. A. Soder and M. Liberman
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 A Personal View of the Data

Initial presentation of TETs with pleural dissemination is rare and there are scarce 
data with insufficient information to define the best treatment protocol. However, 
these patients are often young, otherwise healthy, and usually fit for surgery. We 
evaluate these patients with a multidisciplinary team which should include medical 
oncologists, radiation oncologists, radiologists and thoracic surgeons. The presence 
of associated diseases, including myasthenia gravis, is taken into consideration, and 
patient status and medical conditions are optimized pre-operatively. When con-
fronted by resectable disease in a patient amenable to surgery, we perform a radical 
thymectomy and pleural resection aiming to achieve an R0 resection. Incisions, 
approaches, and magnitude of resection are dictated by disease extent and location.
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 Introduction

The autonomic nervous system has long been implicated in arrhythmogenesis. 
Sympathetic discharge can trigger arrhythmias by causing afterdepolarizations and 
maintain a pro-arrhythmic state by promoting dispersion [1]. Cardiac sympathetic 
denervation (CSD) has been reported as successful therapy primarily in patients 
with long QT syndrome (LQTS) to mitigate symptoms like syncope and decrease 
internal cardiac defibrillator (ICD) discharge [2–4]. Similarly, CSD has been suc-
cessfully used in another channelopathy, catecholaminergic polymorphic ventricu-
lar tachycardia (CPVT), to mitigate symptoms and ICD shocks [2, 5].

The mechanisms explaining the success of CSD have been well described with 
animal models [5, 6]. CSD increases the threshold for ventricular fibrillation (VF) 
and raises refractoriness, thereby decreasing the probability of VF after surgery. It 
improves the capacity of coronary artery dilation, which enhances its use in patients 
with cardiomyopathy especially of ischemic etiology. CSD preserves cardiac con-
tractility. Since CSD does not entirely obliterate ventricular catecholamines, it does 
not result in postdenervation supersensitivity. The preganglionic denervation 
achieved by CSD prevents reinnervation, which increases the probability of durable 
freedom from arrhythmia and intervention.

While the use of CSD has been described in reducing ICD shocks and symptoms 
in patients with channelopathies like LQTS or CPVT, it is increasingly used in 
patients with refractory ventricular arrhythmias (VA) due to other causes like car-
diomyopathy, arrhythmogenic right ventricle, and idiopathic ventricular fibrillation. 
However, the evidence supporting its use in these situations is limited. In this chap-
ter, we focus on the use of CSD in patients with refractory VA.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_58&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_58#ESM
mailto:david.harpole@dm.duke.edu
mailto:David.harpole@duke.edu
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 Search Strategy

Our search strategy is summarized in the Table 58.1 based on PICO formatting. 
Initially, the following search terms were applied on PubMed and Google Scholar 
to identify the earliest and most cited articles: “sympathectomy”, “cardiac sympa-
thetic denervation”, “arrhythmia”. For the results section of the chapter, the same 
search terms were applied but during the period of January 2009 through September 
2019 to identify only the most relatively recent studies.

 Results

 Observational Studies

No prospective, randomized trials were identified evaluating the role of CSD in 
patients with refractory VA. Most studies included patients due to one of the follow-
ing reasons: (1) continued VA despite maximal pharmacotherapy (beta blockade) 
and catheter ablation or (2) poor tolerance for pharmacotherapy or unsuitable anat-
omy (e.g., multiple foci of automatic activity or circuits arising from interventricu-
lar septum, papillary muscles, juxta-coronary regions) for catheter ablation [7].

The observational studies evaluating CSD in patients with refractory VA are 
summarized in Table 58.2 [7–13]. The primary outcome reported in most studies is 
freedom from VA following surgery, with many studies quantifying the decrease in 
arrhythmic events as well. The largest study, by Vaseghi and colleagues, was 
reported in 2014 [12]. In this study, 41 patients with cardiomyopathy and refractory 
VA underwent CSD that was either left-sided or bilateral. A total of 48% of patients 
with bilateral CSD experienced freedom from VA following surgery while 30% 
experienced freedom from VA in the left CSD group. In their total cohort, 90% of 
patients experienced a reduction in ICD shocks.

In 2014, Hofferberth and coworkers described their experience performing left 
CSD in 24 patients with refractory VA due to multiple etiologies including chan-
nelopathy [11]. They found that 55% of patients experienced freedom from VA and 
73% marked reduction in arrhythmia burden following surgery at a median follow-
 up of 28 months. Coleman and colleagues reported the outcomes of 27 patients who 
underwent left CSD in patients with non-LQTS syndromes that predispose to VA 
[10]. A total of 18 of 22 symptomatic patients (82%) experienced complete freedom 
from VA following surgery at a follow-up of 14 months. Four other studies each 
reported their experience of less than 10 patients undergoing CSD, with a 56–100% 
freedom from VA reported [7–9, 13].

Table 58.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Patients with 
refractory ventricular 
arrhythmia

Cardiac 
sympathetic 
denervation

Maximum medical 
therapy and catheter 
ablation

Freedom from 
ventricular 
arrhythmia

V. Raman and D. H. Harpole Jr
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 Complications of CSD

CSD is a generally safe operation that can be performed using video assisted tho-
racic surgery (VATS). No perioperative mortality attributable to the operation has 
been reported. The only major complication identified in observational studies is 
hemothorax, with one patient requiring reoperation for evacuation of a hemothorax 
within 24 h of the index operation [12]. Minor complications include pneumothorax 
and generally self-limited ptosis. Chronic complications include hyperalgesia of 
chest and back and changes in sweating [12].

 Extent of CSD

There are no studies comparing the extent of CSD in patients with refractory 
VA. However, most studies report resection of the sympathetic ganglia from T2 to 
T4–5 in addition to excision of the lower third to half of the stellate ganglion [10, 
12, 14]. The lateral nerves of Kuntz, if present, are also removed. While some older 
studies report preservation of the stellate ganglion to prevent iatrogenic Horner syn-
drome, most modern series report resection of the inferior part of the ganglion, 
which mitigates arrhythmogenesis from the stellate ganglion while also minimizing 
the risk of Horner syndrome because ocular fibers generally cross in the superior 
half of the ganglion.

 Left vs. Bilateral CSD

Both left and bilateral CSD have been described in the treatment of refractory 
VA. The only study that included both techniques, cited above, found that 30% of 
patients had freedom from VA after left CSD and 48% after bilateral CSD [12]. 
However, the study included heterogeneous patients and small groups. Bilateral 
CSD offers theoretical advantages over left CSD [1]. The right stellate ganglion 
does innervate the ventricles and its denervation should decrease the arrhythmoge-
nicity of the ventricles [2]. Denervation of one stellate ganglion may lead to hyper-
trophy of the contralateral ganglia and result in continued arrhythmogenesis. For 
these reasons, we perform bilateral CSD in our patients with refractory VA.

 Conclusions and Recommendations

There is neither high nor moderate quality evidence evaluating the role of CSD in 
patients with refractory VA. However, based on low quality evidence, we recom-
mend that patients who continue to experience significant VA despite maximal medi-
cal therapy and catheter ablation and those who cannot tolerate or are not amenable 
for ablation and pharmacotherapy be considered for bilateral CSD.  They should 
undergo multidisciplinary evaluation at a center with advanced electrophysiology, 

V. Raman and D. H. Harpole Jr
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cardiac intensive care, and thoracic surgery capabilities. Our recommendation is fur-
ther supported by observational studies and our experience suggesting that bilateral 
CSD is a safe operation with a negligible incidence of major complications.

 A Personal View of the Data

Although thoracic surgeons have been performing VATS sympathectomies for more 
than two decades for hyperhidrosis palmaris and other disorders, it has become 
more useful for patients with refractory ventricular dysrhythmias. We have per-
formed more than 20  in the last 5 years with excellent postoperative control and 
minimal morbidity. If possible, patients should have a left stellate ganglion block 
prior to operation to verify utility of a sympathectomy. The procedure even can be 
performed safely on patients with refractory VT having ventricular assist devices. 
Although the data are scant, we prefer bilateral VATS sympathectomy for more 
complete cardiac denervation. A prospective multi-institutional database should be 
designed for collection of more evidence.
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 Introduction

Idiopathic palmar hyperhidrosis is a debilitating disease with a prevalence of up to 
3% in the US population [1]. It is a cause of social anxiety and a boundary to both 
social and professional development [2]. Endoscopic thoracic sympathectomy 
(ETS) offers a permanent solution in contrast to temporizing medical therapies [3, 
4]. The extent of surgery for palmar hyperhidrosis, namely which level(s) of the 
thoracic sympathetic chain are to be interrupted, by which method, and using which 
surgical access remain subjects of debate. The details of the procedure performed 
have an effect on the outcomes associated with ETS including patient satisfaction, 
morbidity, compensatory hyperhidrosis (CH), and quality of life (QOL).

 Search Strategy

A literature search of English language publications from 2000–2019 was used to 
identify data on the extent of surgery for palmar hyperhidrosis (Table  59.1). 
Databases searched included: PubMed, Cochrane Evidence Based Medicine, and 
Ovid. Terms used in the literature search were “hyperhidrosis, palmar/surgery,” 
“hyperhidrosis, palms/surgery,” “hyperhidrosis, palmar/ surgery extent,” “hyperhi-
drosis, palms/ surgery extent,” AND (“intraoperative complications” OR “periop-
erative complications” OR “postoperative complications”), “compensatory 
hyperhidrosis,” “compensatory sweating,” and “quality of life.” Articles were 
excluded if they did not subcategorize hyperhidrosis based on the palmar location. 
Four randomized clinical trials, five prospective cohort studies, one retrospective 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_59&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_59#ESM
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review, one expert consensus, one systematic review, and one meta-analysis were 
included in our analysis. The data was classified using the GRADE system.

 Results

 Location of Interruption of the Sympathetic Chain

The level of thoracic chain interruption has been a topic of debate in ETS for palmar 
hyperhidrosis. Levels are described in two methods: the thoracic spinal level of the 
ganglion (T) or the ribs at which the interruption was performed below or on (R). 
Typical levels of destruction include levels T2–4 or R2–R4 [4]. For purposes of 
uniformity we will use the R descriptor for location of interruption. Some reports 
that use T nomenclature will interrupt at more than one rib and this will be clarified 
by conversion to R nomenclature within this text. Levels of interruption most com-
mon to the literature include R2–R4 singly and a combination of these levels.

Overall immediate success rate is reported as being greater than 93% for studies 
pertaining to ETS involving interruptions from R2 to R5 and combinations of these 
levels (Table 59.2) [3, 5–12]. The major differences noted when comparing these 
levels of interruption relate to the rates and severity of postoperative compensatory 
sweating (CH) as a result of the sympathetic chain disruption.

R2 involvement in a sympathectomy has typically been favored for the selectiv-
ity of the palms. However, there is an associated increased rate of CH with R2 tar-
geting. Sang et  al. performed a systematic review of the literature and found an 
increased rate of CH in patients with R2 involved in their sympathectomy when 
compared to those that did not include R2 [5]. In comparison, Yazbek et al. in two 
separate randomized clinical trials demonstrated a higher immediate success rate, 
lower CH, and greater quality of life for R2/R3 ETS as compared to R3/R4 [6, 7].

Of note, the Society of Thoracic Surgeons (STS) expert consensus promotes R3 
or R4 levels for palmar hyperhidrosis for the best success rate and lowest CH levels 
[8]. This has been supported by randomized clinical trials and a meta- analysis [9–11].

Quality of life after ETS is a time dependent variable. Throughout the literature 
that compares ETS levels of interruption, those operations including R2 had the best 
satisfaction with the longest follow up time of 20 months [6]. However, in a non- 
comparison study, Horslen et al. reported an 86% improvement in quality of life at 
a median follow up of 60 months for ETS at R3/R4 [3].

Table 59.1 PICO formatted terms for literature search

Population Intervention Comparison Outcome
Patients with 
predominant palmar 
hyperhidrosis

Endoscopic 
thoracic surgery

•  Location of interruption of 
the sympathetic chain: R2–5

•  Method of interruption: clip 
ligation, sympathotomy, 
sympathectomy

• Number of ports

•  Freedom from 
sweating

• Complications
• Quality of life

S. P. Smith and E. Vallières
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 Method of Interruption

There are a variety of modalities utilized in ETS to interrupt the sympathetic chain. 
In the treatment of palmar hyperhidrosis the method of interruption is a consider-
ation in the extent of surgery. Methods typically utilized include clip ligation of the 
chain, sympathotomy with thermal cut, and sympathectomy in which a section of 
the chain is actually removed. Benefits of clip ligation include the potential for early 
reversibility of the procedure if the patient suffers from severe CH and/or decreased 
quality of life [4]. However, the aspect of reversibility has been questioned as reli-
able in patients who undergo ETS with clip ligation. It has been reported that clip 
removal is successful in reversing approximately half of patients who undergo sur-
gery to remove clips [12]. However, high quality data is lacking from the literature, 
and success has mostly been limited to clip removal within the first 2 weeks follow-
ing the initial procedure [13].

Cheng et al. presented a retrospective chart review comparing all three methods 
of interruption with a mean follow up time of 5 years, in which they found lower 
rates of CH with clip ligation. Higher morbidity and Horner’s Syndrome was docu-
mented after sympathotomy and sympathectomy [14]. Panhofer et al. reflected the 
findings of Cheng et al. in a prospective cohort study comparing clip ligation to 
diathermic cut (Table 59.3). This study showed a higher rate of morbidity with cut, 
as well as more pneumothoraces, compared to clip ligation, along with a lower rate 
of CH in the clip ligation group [15].

 Number of Ports

ETS is typically performed using video assisted thoracic surgery (VATS) techniques. 
The procedure itself does not involve complex dissection or resection of large 
amounts of tissue, so minimally invasive techniques have been pursued. Techniques 
have been described using from one to three working ports [4, 8]. Fewer ports tend 
to offer less injury to the chest wall and therefore a less painful recovery, but with the 
risk of limited surgical mobility and a greater potential for complications [16].

The literature provides few comparison studies of the number of ports used in 
ETS (Table 59.4). Ibrahim et al. compared a single port method to multiple ports in 
a prospective cohort and reported excellent success with both methods, but a higher 
incidence of pneumothorax and a lower rate of CH in the multiple port technique 
[17]. In another prospective cohort study, Murphy et al. compare a single to the use 
of two ports and they again reflect a significantly higher rate of pneumothorax in the 
multiple method without a statistically significant difference in CH [18].

 Conclusions and Recommendations

Endoscopic thoracic sympathectomy is an overall successful technique in the treat-
ment of palmar hyperhidrosis. The extent of the surgery performed is of debate, 
with the goal of providing a high success rate with lasting quality of life and 

S. P. Smith and E. Vallières



639

Ta
bl

e 
59

.3
 

M
et

ho
d 

of
 in

te
rr

up
tio

n 
of

 th
e 

sy
m

pa
th

et
ic

 c
ha

in

A
ut

ho
r, 

ye
ar

, 
re

fe
re

nc
e

St
ud

y 
ty

pe
 (

L
ev

el
 

of
 e

vi
de

nc
e)

M
et

ho
ds

 
co

m
pa

re
d

Pa
tie

nt
s

Im
m

ed
ia

te
 

su
cc

es
s 

ra
te

Su
rg

ic
al

 
m

or
bi

di
ty

R
at

e 
of

 
co

m
pe

ns
at

or
y 

hy
pe

rh
id

ro
si

s 
(C

H
)

M
ea

n 
fo

llo
w

 u
p 

tim
e

Q
ua

lit
y 

of
 li

fe
C

he
ng

 
(2

01
5)

 
[1

4]

R
et

ro
sp

ec
tiv

e 
ch

ar
t r

ev
ie

w
 (

V
er

y 
lo

w
)

Sy
m

pa
th

ot
om

y,
 

Sy
m

pa
th

ec
to

m
y,

 
C

lip
 li

ga
tio

n

21
0

85
%

 o
ve

ra
ll,

 
p 

>
 0

.0
5 

be
tw

ee
n 

gr
ou

ps

H
or

ne
r’

s 
Sy

nd
ro

m
e:

 1
%

 
(S

ym
pa

th
ot

om
y 

an
d 

Sy
m

pa
th

ec
to

m
y)

, 
C

H

Sy
m

pa
th

ot
om

y 
(7

2%
)

Sy
m

pa
th

ec
to

m
y 

(7
7%

)
C

lip
 li

ga
tio

n 
(6

8%
)

p 
>

 0
.0

5 
be

tw
ee

n 
gr

ou
ps

5 
ye

ar
s

76
%

 o
ve

ra
ll

p 
>

 0
.0

5 
be

tw
ee

n 
gr

ou
ps

Pa
nh

of
er

 
(2

01
4)

 
[1

5]

Pr
os

pe
ct

iv
e 

co
ho

rt
(L

ow
)

C
lip

 li
ga

tio
n,

 
D

ia
th

er
m

ic
 c

ut
37

85
%

 c
lip

 
lig

at
io

n,
 9

1%
 

D
ia

th
er

m
ic

 c
ut

Pn
eu

m
ot

ho
ra

x:
 

2.
6%

 c
lip

 
lig

at
io

n,
 3

.3
%

 
di

at
he

rm
ic

 c
ut

C
lip

 li
ga

tio
n 

7.
9%

D
ia

th
er

m
ic

 c
ut

 1
1%

p 
=

 0
.4

79

12
 m

on
th

s
N

o 
si

gn
ifi

ca
nt

 
di

ff
er

en
ce

 in
 

im
pr

ov
em

en
t 

p 
=

 0
.1

27

59 The Extent of Surgery for Palmar Hyperhidrosis



640

Ta
bl

e 
59

.4
 

N
um

be
r 

of
 p

or
ts

 u
se

d 
fo

r 
tr

ea
tin

g 
hy

pe
rh

id
ro

si
s

Fi
rs

t 
au

th
or

, 
ye

ar
, 

re
fe

re
nc

e

St
ud

y 
ty

pe
 

(L
ev

el
 o

f 
ev

id
en

ce
)

M
et

ho
ds

 
co

m
pa

re
d

N
um

be
r 

of
 p

at
ie

nt
s

Im
m

ed
ia

te
 

su
cc

es
s 

ra
te

Su
rg

ic
al

 m
or

bi
di

ty

R
at

e 
of

 
co

m
pe

ns
at

or
y 

hy
pe

rh
id

ro
si

s 
(C

H
)

M
ea

n 
fo

llo
w

 
up

 ti
m

e
Q

ua
lit

y 
of

 
lif

e
Ib

ra
hi

m
 

(2
01

4)
 

[1
7]

Pr
os

pe
ct

iv
e 

co
ho

rt
(L

ow
)

Si
ng

le
 p

or
t, 

m
ul

tip
le

 
po

rt
s

71
10

0%
PT

X
: 2

.8
%

 S
in

gl
e 

po
rt

, 5
.7

%
 m

ul
tip

le
 

po
rt

s,
 p

 >
 0

.0
5

22
%

 S
in

gl
e 

po
rt

, 
20

%
 m

ul
tip

le
 

po
rt

s,
 p

 >
 0

.0
5

1 
ye

ar
N

ot
 

as
se

ss
ed

M
ur

ph
y 

(2
00

6)
 

[1
8]

Pr
os

pe
ct

iv
e 

co
ho

rt
(L

ow
)

Si
ng

le
 p

or
t, 

tw
o 

po
rt

s
46

75
%

PT
X

: 7
.7

%
 S

in
gl

e 
po

rt
, 1

5.
8%

 tw
o 

po
rt

s 
p 

<
 0

.0
5

31
%

 S
in

gl
e 

po
rt

, 
29

%
 tw

o 
po

rt
25

 m
on

th
s 

(m
ed

ia
n)

Si
ng

le
 

po
rt

 >
 tw

o 
po

rt

P
T

X
 p

ne
um

ot
ho

ra
x

S. P. Smith and E. Vallières



641

minimal postoperative morbidity. In assessing the body of literature, the extent of 
surgery can be subdivided into level of sympathetic chain interruption, method of 
interruption, and number of ports used.

The strongest quality of data is available for the level at which the sympathetic 
chain is interrupted. The R2 level may be more specific for palmar hyperhidrosis, 
but the R3 and/or R4 levels provide just as high success rates with less CH. A lower 
quality of data is available regarding the method of interruption and number of 
ports. In the studies available, clip ligation provides a satisfactory initial success rate 
and long lasting quality of life with less CH and the possibility of reversal when 
performed early following the initial procedure. In regards to ports, less pain and 
morbidity are associated with smaller numbers of ports. However, more prospective 
randomized studies would significantly add to the literature and aid in a more sup-
ported consensus regarding method of interruption and number of ports.

 A Personal View of the Data

Our personal approach to patients suffering from predominately palmar hyperhidro-
sis is bilateral isolation of the T3 sympathetic nerve ganglion by VATS placement of 
two 5-mm titanium hemoclips below ribs 3 and 4 (R3–4). We use hemoclips and do 
not transect to allow for the possibility of reversal. We use a double 5 mm port tech-
nique. Our results have been studied internally and published. The benefits are 
maintained long term and, after surgery, the resultant quality of life is preferred even 
when affected by variable degrees of CH [3].
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 Introduction

Chest wall reconstruction is a challenging thoracic operation for even the most sea-
soned surgeon, particularly when bony defects are present. Iatrogenic defects are 
typically the result of resection of the chest wall for a number of conditions, includ-
ing neoplasms, congenital defects, radiation injuries, and complicated infections. 
Larger defects of the chest wall can lead to skeletal instability, altered respiratory 
mechanics, and significant cosmetic defects. Reconstruction of these large defects 
of the chest wall can present an arduous challenge and often require prosthetic 
materials to fill.

Overall, the objectives of chest wall reconstruction include restoration of skeletal 
integrity, protection of underlying structures, and providing a good cosmetic result. 
A variety of materials exist for skeletal reconstruction and are promoted for recon-
struction, including rigid versus non-rigid materials, permeable versus non- 
permeable materials, patches/meshes versus rib/sternal plates/bars, and synthetic 
versus biologic materials [1]. The ideal prosthetic material would have the follow-
ing properties: rigid enough to abolish paradoxical chest wall motion; malleable 
enough to allow for appropriate contouring; physically and chemically inert; allows 
for tissue in-growth; radiolucent; sterile and resistant to infection; inexpensive. 
Unfortunately, no material exists that meets all such criteria.

Complications after chest wall reconstruction are frequent, with rates reported as 
high as 20–60%. Common complications include poor wound healing, seromas, 
infectious complications, pulmonary complications, and respiratory compromise. 
Other important postoperative outcomes include chronic pain, quality of life (QOL) 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_60&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_60#ESM
mailto:felix.fernandez@emoryhealthcare.org
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concerns, and poor cosmetic results. When compared with synthetic materials, bio-
logic reconstruction materials have the theoretical advantage of being more resistant 
to infectious complications and may require less frequent removal. On the other 
hand, non-rigid biologic materials are ultimately reabsorbed after some degree of 
tissue infiltration and regrowth. This may result in less chest wall stability, poten-
tially resulting in greater respiratory compromise and worse cosmetic outcomes. 
The purpose of this review is to compare outcomes and results from reconstruction 
with biologic materials versus synthetic materials.

 Search Strategy

We examined the literature on chest wall reconstruction for iatrogenic bony chest 
wall defects comparing reconstruction with biologic material versus synthetic mate-
rial, with a focus on postoperative complications, mesh removal rates, QOL out-
comes, and cosmetic outcomes (Table 60.1). A literature search of English language 
publications over a 10 year period from 2009 to 2019 was used to identify published 
data on prosthetic chest wall reconstruction of bony chest wall defects. Database 
searched included PubMed, Embase, and Cochrane Evidence Based Medicine. 
Terms used in the search were “prosthetic chest wall reconstruction”, “synthetic 
chest wall reconstruction”, and “biologic chest wall reconstruction”. No random-
ized control trials or prospective cohort studies were identified. Five retrospective 
cohort studies and 19 cases series were included in our analysis. Analysis was lim-
ited to studies reporting immediate postoperative outcomes from reconstruction. 
Case reports were excluded from the analysis. Studies where outcomes related to 
reconstruction were not reported were also excluded. Results were classified using 
the GRADE system. As can be ascertained from Table 60.2, the literature in regards 
to this topic is limited to case series of varying sizes and a few retrospective cohort 
analyses with limited comparative analyses.

 Results

To date, there have been no high-quality randomized clinical trials comparing one 
prosthetic material to another. As a result, the choice of material used is often based 
on institutional availability and cost, surgeon preference, and anecdotal evidence 
(Table  60.2) [2–21, 23–28]. Below, we will review what literature is currently 
available.

Table 60.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Pts with 
iatrogenic chest 
wall defects

Reconstruction with 
biological material

Reconstruction with 
synthetic materials

Complications, quality of 
life, prosthesis removal

O. Khullar and F. Fernandez
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Woven meshes and patches such as polypropylene and polytetrafluoroethylene 
are easy to use, non-absorbable, and provide uniform tensile strength. However, as 
they are synthetic they may be more prone to infection, which typically requires 
removal of the prosthesis. More recent case series report infection rates ranging 
from 5% to 15%, with similar rates of prosthesis removal [2–4, 6, 9, 22]. Similarly, 
seroma rates were between 3% and 22%, however this was highly dependent on 
perioperative technique and typically did not require removal of the prosthetic if 
infection was absent.

Recent studies of newer titanium plates have shown promising results, however 
in the majority of cases these are used along as a rigid scaffold along with a biologic 
or synthetic mesh with similar infection rates to more traditional synthetic materials 
alone [7, 8, 12, 22]. Interestingly, Yang et al. published a series of 27 patients recon-
structed with a titanium mesh, and reported no wound infections or chest wall insta-
bility [11]. While these results are promising, this was a small retrospective series 
and additional study of this mesh is needed.

Biologic meshes are typically made from allograft or homograft tissue that has 
been decellularized, leaving only a collagen matrix. These meshes promote new 
collagen deposition and tissue ingrowth, as opposed to scarring which is seen with 
synthetic meshes. Anecdotally they are often utilized in infected fields. The major-
ity of studies examining the use of biologic materials are limited to small case 
series. Infection rates ranged from 0% to 27% [14–21]. Despite this, however, most 
of these series reported that the prosthesis could be salvaged without removal.

For example, Schmidt et al., in a series of 6 patients reconstructed with a porcine 
decellularized dermis matrix, reported no infectious complications and good to 
excellent chest wall stability measured by the surgeon’s impression and evidence of 
structural changes on CT scan [19]. D’Amico et al., in a series of 11 patients with 
chest wall resection for sarcoma, reported a wound complication rate (hematoma 
and infection) of 27%, though none required implant removal [21]. Similar to the 
Schmidt series, they found good long-term chest wall stability and integrity on CT 
scan at 2 years after surgery.

Quality of life after chest wall reconstruction with either synthetic or biologic 
materials has been studied only by a few authors and the endpoints have not been 
standardized. Compared to patients undergoing lung resection without the need for 
chest wall resection, those who underwent lung resection combined with chest wall 
resection and reconstruction experienced similar quality of life (pain, fatigue, dys-
pnea) and overall lung function [26]. Long-term outcomes appear to be more 
strongly related to preoperative status than the extent of chest wall resection required 
for treating lung cancer and the type of reconstruction necessary [27]. Treatment of 
chest wall tumors with resection and reconstruction results in long-term quality of 
life results similar to that in the general population [28].

We identified three retrospective cohort studies which directly compare biologic 
and synthetic prosthetics, and are summarized in Table 60.3 [22, 24, 25]. One such 
study from Spicer et al., compared outcomes after reconstruction with absorbable 
(Vicryl and biologic, n = 111) and non-absorbable (synthetic, n = 316) meshes [24]. 
On multivariable analysis, they found no difference in pulmonary complications 
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(OR = 1.47, 95% confidence interval 0.86–2.53, p = 0.155) or wound infection rates 
(p = 0.477, OR not reported). It should be noted that in their study, they found a 
remarkably low overall wound infection rate of 2.8% (n = 12), and had no explants 
due to infected mesh, regardless of material used.

Azoury et al. reported similar results and found no difference in incidence of chest 
wall/wound complications between synthetic, biologic or combination biologic inlay 
with synthetic onlay mesh groups (31.8%, 10%, 22.2% respectively, p = 0.47) [25]. 
They concluded that combined use of both materials provides the dual advantages of 
tissue ingrowth and revascularization from the acellular dermal matrix along with the 
structural durability of a synthetic mesh, although they acknowledged that larger 
sample sizes were needed to make definitive conclusions.

Rocco et al. in 2014 reported a case series examining the use of vacuum assisted 
closure as well as comparing what they refer to as “new materials” (titanium plates, 
cryopreserved grafts, and acellular collagen matrices} with conventional materials 
(polytetrafluoroethylene and methyl methacrylate) [22]. Twenty-one patients were 
treated with new materials, 21 with conventional materials, and 4 with both. 
Interestingly, the authors found no difference in local wound complications between 
these two cohorts when only a single material was used. However, in a multivariable 
regression, the use of both materials together was associated with higher rates of 
wound complications (OR not reported, p = 0.032). These results are difficult to 
interpret given only 4 patients in the combined materials cohort.

There is no comparative QOL data between biologic and synthetic materials. 
Future study will require prospective comparative studies including well-validated 
QOL endpoints, in addition to measuring clinical outcomes.

 Conclusions and Recommendations

In summary, the current literature in regards to utilization of synthetic vs. biologic 
prosthesis for reconstruction of bony chest wall defects is limited to single institu-
tion retrospective cases series, and a few retrospective cohort studies. Only three 
studies directly compare postoperative outcomes between synthetic and biologic 

Table 60.3 Studies comparing synthetic and biologic prosthetic chest wall reconstruction 
materials

Author (year) Conclusions
Rocco et al. 
(2014) [22]

Combined use of synthetic and biologic materials associated with increased risk 
of local wound complications (p = 0.032; OR not reported). No difference 
identified between synthetic alone versus biologic alone

Spicer et al. 
(2016) [24]

No difference identified in infection rates between biologic and synthetic mesh 
(p = 0.477, OR not reported), or pulmonary complications (OR = 1.47, 95% CI 
0.86–2.53, p = 0.155)

Azoury 
et al. (2016) 
[25]

No difference identified in incidence of chest wall/wound complications 
between synthetic, biologic or combination biologic inlay with synthetic onlay 
mesh groups (31.8%, 10%, 22.2% respectively, p = 0.47)
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prostheses, specifically in regards to infectious wound complications. These few 
retrospective series are limited by selection bias given the study design, there does 
not appear to be a significant difference in regards to wound complications or rates 
of prosthesis removal. There may be increased risk of local wound complications 
when a combination of synthetic and prosthetic materials is used, however the data 
is limited and conclusive statements cannot be made. There is little data in regards 
to QOL or cosmesis.

Based on this review of the literature, many surgeons will prefer to use a biologic 
prosthesis in a contaminated field. In the absence of an infected, contaminated field, 
a synthetic prosthesis should be used with likely equivalent rates of infectious com-
plications and rates of prosthesis removal, and lower costs. Recommendations 
regarding postoperative QOL and cosmesis cannot be made at this time.

Recommendations
• A synthetic prosthesis is recommended as the best overall choice for chest 

wall reconstruction (evidence quality low, weak recommendation).
• A biologic prosthesis is recommended for chest wall reconstruction in a 

contaminated field (evidence quality low, weak recommendation).

 A Personal View of the Data

Reconstruction of iatrogenic bony chest wall defects is a difficult challenge for 
even the most seasoned surgeon. If a prosthetic material is needed for reconstruc-
tion, our preference is to utilize synthetic mesh material in most situations. The 
available case series show that infectious rates with synthetic materials are rela-
tively low, with low rates of mesh removal. The added advantage of structural 
integrity and lower cost make synthetic materials, such as PTFE, our preference 
in the absence of an infected field. When a rigid prosthetic is needed our typical 
practice is to use methyl methacrylate “sandwiched” in Vicryl mesh, however 
newer titanium materials show considerable promise and warrant further study. In 
the presence of an infected field, our preference is to utilize a biologic prosthesis. 
Further recommendations and future study will require prospective, randomized 
trials with clearly defined endpoints for complications, cosmesis, and quality 
of life.
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 Introduction

Rib fractures are sustained in approximately of 10% of trauma patients and contrib-
ute significantly to morbidity and mortality [1]. Severe complications may arise in 
the setting of multiple rib fractures, with or without flail segment physiology, 
including an increased incidence of pneumonia, difficulty liberating from the venti-
lator, loss of thoracic volume, respiratory insufficiency, and chest wall deformities. 
Chronic pain beyond the hospital admission can occur even with single rib frac-
tures, associated with decreased functional state, prolonged disability, and decreased 
quality of life [2].

Surgical stabilization of rib fractures (SSRF) can eliminate painful movement at 
fracture sites, fixate flail chest segments, repair severe chest wall deformities, and 
reestablish normal chest wall mechanics [3]. However, SSRF has been slow to gain 
momentum as a standard of care despite the belief that patients return to a functional 
physical state sooner as compared to non-operative management. Patients with rib 
fractures are admitted daily to hospitals around the country, however fewer than 1% 
of patients will undergo SSRF [4]. Reasons contributing to the low frequency of 
adaptation have been speculated to include lack of experience with the operation, 
lack of consensus for the indications, and lack of high-level supportive evidence [3].

While some meta-analyses [5–7] and professional society consensus statements 
[8] exist, the current data is inconsistent and represents a variety of patient popula-
tions, indications, techniques, study methodology, and outcomes. Patients with flail 
chest segments have been better studied than those without flail segments, and there 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_61&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_61#ESM
mailto:alex.helkin@pennmedicine.upenn.edu
mailto:Niels.Martin@uphs.upenn.edu
mailto:niels.martin@pennmedicine.upenn.edu
mailto:niels.martin@pennmedicine.upenn.edu


656

exists some convincing data that SSRF is beneficial in these patients. However, even 
without flail segments, patients with multiple rib fractures experience significant 
morbidity and mortality, increasing with age and the number of rib fractures [9, 10]. 
The threshold of when to operate on patients without a flail segment is unclear. Here 
we will review and assimilate the data regarding the decision to perform rib fixation 
in non-flail segment injuries and identify populations that may benefit from this 
surgery.

 Search Strategy

A Medline search was performed with the following keywords, “Blunt thoracic 
trauma, rib fixation, non-flail, rib fracture, chest wall stabilization, and surgical sta-
bilization of rib fractures” (Table 61.1). Articles only in English, published between 
2000 and 2019 (to represent the most current data), and for which the full text was 
available were reviewed. We focused on whether SSRF decreases ventilator days, 
ICU days, total hospital length of stay, and pneumonia during the index hospitaliza-
tion for patients with multiple rib fractures, and whether SSRF decreases longer- 
term post-traumatic morbidities such as: pain, narcotics use, time to return to normal 
work/activities.

 Results

 Acute Outcomes

There are no randomized-control trials that compare SSRF to non-operative man-
agement (multimodal pain control and pulmonary toilet) in patients with multiple 
rib fractures without flail segments. The data supporting the practice of SSRF look-
ing solely at non-flail chest injuries is sparse, with the available studies including a 
heterogeneous group of patients (which frequently include flail patients) and are 
largely retrospective and prospective non-randomized studies with significant limi-
tations (Table 61.2) [11–15].

Nirula et al. in 2006, published a case-control study of 30 patients undergoing 
SSRF compared to control patients matched by age, Injury Severity Score, and 
chest Abbreviated Injury Score [11]. Fifty percent of the fixation group patients had 
non-flail significant rib fractures. The study found that SSRF patients had a similar 

Table 61.1 PICO formatted terms for literature search

Patients Intervention Comparator Outcomes
Patients with multiple 
rib fractures secondary 
to blunt thoracic 
trauma, with non-flail 
segments

Surgical 
stabilization of 
rib fractures

Non-operative 
(conservative) 
management

Ventilator days, pneumonia, 
ICU length of stay, hospital 
length of stay, mortality, 
quality of life, return to 
work
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ICU and total hospital length of stay (LOS), however significantly less time on 
mechanical ventilation following surgery (2.9 ± 0.6 days vs. 9.4 ± .2.7 days in con-
trols). As the control patients did not have surgery, the matched control patients used 
stabilization day as day zero for comparison.

Richardson et al. in 2007 performed a retrospective review of 3844 rib fracture 
patients over 9 years (1996–2005), seven of whom underwent SSRF [12]. On aver-
age, these patients had 8 rib fractures, with 3.5 ribs plated. Their outcome measures 
included relief of acute pain, weaning from mechanical ventilation, long-term dis-
ability, and chronic pain. The authors claimed SSRF was a useful solution as the 
seven patients were quickly weaned from the ventilator, experienced good long- 
term pain relief, and had no lasting disabilities, however, no objective data (survey 
results etc.) was reported or statistical analysis performed.

Campbell et  al. in 2009 performed a retrospective review of 32 consecutive 
patients who underwent SSRF over a span of 4 years at their institution [13]. The 
patients all sustained blunt injury patterns and hemopneumothorax, indicating 
severe displacement. The outcomes measured were survey based, and included pain 
at rest and when coughing (0–10 numeric scale), chest wall stiffness, dyspnea, reha-
bilitation, and patient satisfaction (subjective reporting). Overall, the group reported 
positive outcomes (pain 1.0/10 at rest, 1.3/10 with coughing on average), however 
the survey results were diluted with significant biases. For example, the survey was 
administered between January and December 2008, while the operations were per-
formed between February 2004 and November 2008. Only 63% responded to 
the survey.

Kane et al. in 2017 performed a retrospective review of a prospectively collected 
database of 116 patients undergoing SSRF, and compared their outcomes to a sam-
ple of 1000 non-operative rib fracture patients from the National Trauma Database 
[14]. In their study, patients undergoing SSRF had significantly lower mortality 
(0.9% vs. 5.3%) and pneumonia (13% lower) when compared with non-operative 
patients, at the expense of longer ICU (3 days vs. 0 days) and total lengths of stay 
(12 days vs. 5 days) and a higher tracheostomy rate (8.6% vs. 4.5%). This study also 
provided a subgroup analysis of patients aged 65 or greater with results that trended 
to decreased mortality, but did not achieve statistical significance. While the data 
separately analyzed age >65 years, ≥3 rib fractures, and ≥5 rib fractures, the 41/116 
patients with non-flail chest injuries unfortunately did not undergo a separate sub-
group analysis.

Finally, Pierraci et al. in 2016 examined the efficacy of SSRF in patients with 
severe rib fractures (including flail chest, non-flail with severely displaced fractures 
in >3 ribs, and loss of 30% or greater hemi-thoracic volume) [15]. The patient 
recruitment involved a prospectively collected crossover method, with the first year 
of data including all patients meeting the above criteria treated non-operatively, 
while the following year was the operative year. In the unadjusted outcomes, the 
operative group had a lower incidence of respiratory failure (48.6% vs. 71.4%) and 
tracheostomy (14.3% vs. 45.7%), and fewer ventilator days (0 vs. 5.0 days). The 
other outcomes measures, including pneumonia, hospital length of stay, and ICU 
length of stay, were not significantly different. Unfortunately, a subgroup analysis 
for the non-flail patients was not specifically reported.

A. W. Helkin and N. D. Martin
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Of note, the studies above reported a variety of operative techniques including 
wires, orthopedic plates and an orthopedic wrap system. There is no data comparing 
the various contemporary plating systems that exist via several different industry 
vendors. The decision and selection of SSRF systems are generally based on sur-
geon experience, preference, and corporate contracts.

 Frequency of Use

Despite some guidance and support from the literature, surgical rib fixation, with or 
without diagnosed flail segments, remains an emerging practice, even within institu-
tions. One recent study of the practice patterns of SSRF statewide determined that 
from 2016 to 2017 only 57 of 12,910 patients with multiple rib fractures underwent 
SSRF [16]. The operation was performed in only half of the trauma centers state-
wide. Interestingly, only 10/57 of the patients undergoing SSRF had flail segments.

 Long-Term Outcomes

Two studies in particular, by Kerr-Valentic et al. and Mayberry et al., assessed lon-
ger term pain levels and disability with rib fractures rather than the standard hospital- 
centered metrics, such as mortality and length of stay [17, 18]. These trials found rib 
fracture patients, regardless of age, report significant disability at 30  days post 
injury, and that on average, they miss from 70 to over 100 days of work. Additionally, 
they found retrospectively 46 patients undergoing SSRF (15 for severely displaced 
non-flail fractures, and 13 for chest wall deformity and other indications) had 
acceptable long-term pain and equivalent health status post-operatively compared to 
the uninjured general population.

 Conclusions and Recommendations

We recommend consideration for rib fixation in non-flail chest fractures for chest 
wall instability associated with acute worsening of pulmonary function, uncon-
trolled pain, severe chest wall deformity, pulmonary herniation or impalement, or in 
patients requiring thoracotomy for another procedure. We believe this will not only 
reduce pain, but improve pulmonary toileting and ventilator liberation in the acute 
setting, reduce chronic pain, improve quality of life and allow for return to work 
earlier.

Contemporary practices in SSRF are starting to include the outcomes listed 
above despite adequate trials. Further research involving SSRF is needed. One more 
reasonable study would be to match patients who underwent SSRF with patients 
identified via registry with similar demographics and rib fracture patterns, and sur-
vey their recovery, including chronic pain, use of narcotics, return to work or normal 
activities, and overall quality of life. This would provide a better comparison of 
patients based on rib fracture pattern and whether or not they underwent surgery.

61 Traumatic Rib Fracture in the Absence of Flail Chest: Conservative Therapy…
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Additionally, a randomized control trial comparing SSRF with non-operative 
management in patients with multiple rib fractures, using pre-determined criteria 
and identical multimodal pain control algorithms, would provide the level of evi-
dence needed to expand the use of this procedure. Two such studies are currently 
being conducted, FixCon in the Netherlands and CWISNONFLAIL in the United 
States [19, 20]. The patient populations studied in both trials will include patients 
from multiple centers with severe, non-flail rib fracture patterns (≥3 severe dis-
placed ribs), or pre-determined pulmonary specific physiologic derangements, such 
as respiratory rate, incentive spirometer performance, and pain scores. Flail chest 
patients will be specifically excluded. Experimental groups will undergo open 
reduction and internal fixation while both the operative and control groups will have 
either protocolized pain control (CWISNONFLAIL) or be left to provider judgment 
(FixCon). The primary outcome for the FixCon trial will be incidence of pneumonia 
with ventilator days, pain, pulmonary function, etc. as secondary outcomes. The 
CWISNONFLAIL trial will primarily look at quality of life metrics surveyed on 
post-operative visits, with similar secondary outcomes as the FixCon trial.

 A Personal View of the Data

Our approach to this data is that, while rib fracture patients can be treated non- 
operatively and get discharged from the hospital, many are left debilitated with 
chronic pain and/or never return to their pre-trauma functional state. We believe 
SSRF restores function, improves quality of life and return to work, and eventually 
the data will reflect such. When approaching the decision to perform SSRF, we 
consider a patient’s clinical outcome as much as the standard metrics. Specifically, 
we try to answer the following questions: Is the fracture pattern detrimental and 
responsible for the clinical picture? Is SSRF technically feasible to reestablish a 
rigid chest wall? Are we early enough in the course to meaningfully mitigate poten-
tial morbidities? Is the fracture such that, without fixation, the patient is likely to 
experience debilitating chronic pain? We believe answering these questions is cru-
cial to proceeding to SSRF.

As SSRF utilization increases, data will become available to answer more refined 
questions in the future. Surgeons will be able to better predict which patients or 

Recommendations
• Surgical rib fixation is recommended for patients with multiple severe rib 

fractures who have severe pain or chest wall instability that substantially 
inhibits pulmonary toileting or pulmonary mechanics (evidence quality 
moderate, weak recommendation).

• Surgical rib fixation is recommended for patients with multiple severe rib 
fractures with fracture patterns likely to lead to chronic pain (evidence 
quality low, weak recommendation).

A. W. Helkin and N. D. Martin
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fracture patterns will benefit from fixation the most, what the optimal timing is for 
surgery in relation to the acute injury, and the ideal number of fixed ribs versus 
unfixed ribs to balance the risks and benefits of surgery.

Conflict of Interest No author has a conflict of interest or financial disclosure necessary.
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62Is Surgical Management  
of Flail Chest Effective?

Marcus Eby and Christopher W. Seder

 Introduction

Flail chest is defined as fractures of at least three or more adjacent ribs in at least two 
places and is most commonly observed following blunt chest trauma [1]. Flail chest 
presents with a segment of the chest wall demonstrating paradoxical motion during 
respiration [2]. Although the force required to cause flail chest is often associated 
with additional thoracic injury, such as pulmonary contusion, flail chest alone has 
been shown to negatively affect respiratory mechanics due to the associated para-
doxical movement [3]. Therefore, flail chest in itself can carry significant intrinsic 
morbidity. Current recommendations for surgical management of flail chest remain 
controversial, as available studies on the topic are mostly underpowered or retro-
spective in nature. Regardless, these studies do suggest that boney stabilization 
should be considered in specific situations of severe flail chest for individuals who 
fail to improve with non-operative care alone [4]. Surgeons who aim to improve the 
respiratory mechanics of patients with flail chest using rib fixation must be familiar 
with the indications for surgery to maximize the efficacy of the intervention.

This chapter addresses the potential benefits of operative chest stabilization, 
which patients are ideal candidates for rib fixation, and its efficacy over non- 
operative care in an attempt to reduce morbidity and length of stay and improve the 
overall quality of life for patients with severe flail chest.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_62&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_62#ESM
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 Search Strategy

A PubMed literature search of English language publications from 2000 to 2019 
was used to identify studies on the effects of surgical chest stabilization in 
patients with traumatic acute flail chest (Table 62.1). Terms used in the search 
were “flail chest,” “rib fractures,” “surgical management,” “rib fixation,” and 
“thoracic surgery.” Studies were excluded if they only addressed the possible 
benefits of “novel” rib fixation techniques rather than focus on the overall bene-
fits of boney stabilization vs. supportive care alone for patients with flail chest 
and its associated morbidities. The data obtained from the search was classified 
using the GRADE system.

 Results

 Selecting Appropriate Patients for Rib Fixation

The general management of patients with acute flail chest should begin with nonsur-
gical treatment modalities and advance to surgical intervention, as needed. Since 
choosing to perform operative management for severe flail chest via boney stabili-
zation carries an inherent cost and morbidity in itself, care should be taken in select-
ing patients that would benefit most from this intervention. To date, multiple studies 
and review articles have examined when it is most advantageous to perform surgical 
intervention for flail chest [5]. Even so, patients deemed to be appropriate candi-
dates for rib fixation often vary from surgeon to surgeon. To make the patient selec-
tion process more ubiquitous and maximize rib fixation efficacy, the most currently 
accepted indications for boney chest wall stabilization as defined by previously 
completed studies are summarized in Table 62.2 [6–8].

Table 62.1 PICO formatted terms for literature search

P: Patients I: Intervention C: Comparator O: Outcomes
Patients with acute flail 
chest and respiratory 
compromise

Boney 
stabilization

Optimal 
non-operative 
care

Complications, hospital length 
of stay (LOS), quality of life 
(QOL)

Table 62.2 Indications for surgical rib fixation in patients with acute flail chest

•  Deteriorating pulmonary function despite optimal respiratory therapy and escalating 
analgesia requirements

•  Flail chest with extensive chest wall deformity to prevent the development of future 
restrictive respiratory disorders

•  Patient who require a thoracotomy for other thoracic injuries
•  Intubated patients without severe pulmonary contusions who fail to wean from the 

ventilator in the presence of flail chest
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 The Efficacy of Rib Fixation vs. Non-Operative  
Care for Severe Flail Chest

The indications for surgical rib fixation listed in Table 62.2 can be used to help 
guide a treatment algorithm for individuals who will benefit most from surgical 
intervention when flail chest is present. Using these selection criteria, multiple stud-
ies have demonstrated potential benefits to rib fixation over supportive care alone in 
the setting of flail chest [9]. Available studies reviewing the possible benefits of 
surgical fixation for flail chest compared to supportive care alone are listed in 
Table 62.3 [6, 10, 11, 15–22]. One of the few randomized, prospective trials exam-
ining this topic revealed surgical stabilization versus ongoing pneumatic stabiliza-
tion (intubation) was associated with decreases in the risk of pneumonia  

Table 62.3 Studies examining efficacy of surgical fixation for flail chest

References Patients Design Outcomes

Key results

Fixation
No 
fixation

Ahmed et al. 
(1995) [15]

n = 64 Retrospective 
cohort study

DMV (days) 3.9 15
ICULOS 
(days)

9 21

Pneumonia 
(%)

15 50

Mortality (%) 8 29
Karev (1997) 
[16]

n = 40 Retrospective 
cohort study

DMV (days) 2.3 6.3∗

Pneumonia 
(%)

15 34∗

Mortality (%) 22.5 46∗

Voggenreiter 
et al. (1998) 
[6]

n = 20 Retrospective 
cohort study

DMV (days) 6.5 27∗

Pneumonia 
(%)

15 39∗

Tanaka et al. 
(2002) [10]

n = 37 RCT DMV (days) 10.8 18∗

ICULOS 
(days)

16.5 27∗

Pneumonia 
(%)

24 77∗

Balci et al. 
(2004) [17]

n = 64 Retrospective 
cohort study

DMV (days) 3.1 7.2
Mortality (%) 11 27

Granetzny 
et al. (2005) 
[18]

n = 40 RCT DMV (days) 2 12
ICULOS 
(days)

9 14

Pneumonia 
(%)

10 50

Mortality (%) 10 15
Nirula et al. 
(2006) [19]

n = 60 Prospective 
controlled study

DMV (days) 6.5 11.2∗

ICULOS 
(days)

12.1 14.1

(continued)
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Table 62.3 (continued)

References Patients Design Outcomes

Key results

Fixation
No 
fixation

Althausen 
et al. (2011) 
[20]

n = 50 Retrospective 
controlled study

DMV (days) 4.1 9.7∗

ICULOS 
(days)

7.59 9.68

Pneumonia 4.6 25∗

Mortality 0 0
Marasco et al. 
(2013) [21]

n = 46 RCT DMV (days) 6.3 7.5
ICULOS 
(days)

13.5 18.7∗

Pneumonia 
(%)

48 74

Mortality (%) 0 4
Slobogean 
et al. (2013) 
[11]

n = 732; 11 
studies

Meta-analysis DMV (days) −7.5; 95% 
CI: −9.9 to 
−5

ICULOS 
(days)

−4.8; 95% 
CI: −1.6 to 
−7.9

Pneumonia OR: 0.18; 
(0.11–0.32)

Mortality OR: 0.31; 
(0.20–0.48)

Leinicke et al. 
(2013) [22]

n = 538; 9 
studies

Meta-analysis DMV (days) −4.52; 
(−5.54 to 
−3.5)

ICULOS 
(days)

−3.40; (−6.0 
to −0.80)

Pneumonia RR: 0.45; 
(0.29–0.67)

Mortality RR: 0.43; 
(0.28–0.69)

DMV duration of mechanical ventilation (days), ICULOS intensive care unit length of stay (days), 
RR relative risk, RCT randomized controlled trial
∗p < 0.05

(24% vs. 77%, p < 0.05), length of ventilator support (10.3 vs. 18.3 days, p < 0.05), 
and days spent in the intensive care unit (16.5 vs. 26.8 days, p < 0.05). These results 
favored surgical stabilization as the preferred treatment modality for flail chest in 
intubated patients failing to wean from the ventilator [10]. The benefits of rib fixa-
tion over non-operative interventions are further validated by a meta-analysis per-
formed by Slobogean et al. demonstrating a decrease in chest pain (odds ratio (OR) 
0.4), dyspnea (OR 0.4), risk of pneumonia (OR 0.18), duration of ventilator support 
(decreased by 7.5 days), intensive care length of stay (decreased by 4.8 days), over-
all hospital stay (decreased by 4 days), and overall mortality (OR 0.31) [11]. From 
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these studies, it appears that early restoration of chest wall rigidity optimizes respi-
ratory mechanics in the setting of flail chest and suggests that early rib fixation can 
directly reduce the rates of pneumonia, chest pain, duration of ventilation support, 
intensive care length of stay, hospital length of stay, and overall mortality when 
performed on the appropriately selected patients (patients with the characteristics 
seen in Table 62.2) [10–13].

 Contraindications to Rib Fixation for Flail Chest

Surgical intervention for flail chest carries an intrinsic morbidity and should be 
performed only when the benefits are thought to outweigh the risks. Since severe 
flail chest is due to blunt chest trauma, these injuries may be associated with open 
rib fractures. As such, boney stabilization with metal plating is contraindicated 
when concomitant contaminated wounds are present at the site of planned fixation, 
as this has potential to increase both morbidity and mortality by introduction of 
foreign material into an infected field.

Severe pulmonary contusion has also often been considered a contraindication 
to surgical stabilization of flail chest [14]. The ventilation dysfunction associated 
with pulmonary contusion cannot be remedied via surgical intervention, and sub-
jecting the patient to an invasive procedure may worsen the patient’s already 
compromised respiratory function. When present, studies have suggested that 
severe pulmonary contusions are best treated conservatively with respiratory 
monitoring, mechanical ventilation, and chest physiotherapy to allow the lung 
contusion to heal [11, 14].

 Conclusions and Recommendations

Patients with flail chest commonly suffer from significant pain and impaired respi-
ratory mechanics. The presence of flail chest has been shown to be associated with 
multiple pulmonary complications including atelectasis, pneumonia, an increase in 
medications prescribed and interventions performed to alleviate pain, and subse-
quent development of ventilator dependent respiratory failure. In this regard, flail 
chest can contribute to an increase in overall hospital cost, ventilator time, intensive 
care length of stay, and mortality.

Current evidence suggests that surgical boney stabilization of flail chest, when 
performed on appropriately selected patients, has the potential to reduce these 
complications. Based upon the best available evidence, rib fixation is recom-
mended for patients with flail chest who suffer from worsening respiratory failure, 
major chest wall deformity, or poor pain control despite escalation of non-opera-
tive methods. Surgical stabilization for flail chest via rib fixation is an effective 
therapy with the potential to provide benefit and should be performed in properly 
selected patients.

62 Is Surgical Management of Flail Chest Effective?
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 A Personal View of the Data

In our practice, we have seen severe flail chest result in impaired respiratory mechan-
ics, escalating analgesic requirements, and prolonged ventilator support. We have 
adopted a policy of performing boney stabilization early for patients meeting the 
criteria in Table 62.2 with observed improvements in overall quality of life, pain 
control, ventilator time, hospital length of stay, and mortality. Thus, we feel opera-
tive rib fixation should be considered by surgeons in appropriately selected patients 
when faced with this challenging entity.
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 Introduction

It is the duty of every physician to alleviate suffering when possible. Thoracic sur-
gery has a high rate of acute pain, which may be attributed to surgical instrumenta-
tion of the skin, muscle, ribs, intercostal nerves, and pleura. Thoracotomies are 
known to have a high rate of conversion to chronic pain, and although exact mecha-
nisms for this conversion are unclear, uncontrolled acute postoperative pain has 
been found to be a strong predictor [1]. Acute postoperative pain may delay recov-
ery by leading to complications from splinting and hypoventilation, and may even 
be an independent risk factor for delirium in susceptible patients [2].

For these reasons, the Enhanced Recovery after Surgery (ERAS) Society and the 
European Society of Thoracic Surgeons have made a strong recommendation to use 
regional anesthesia for patients to facilitate an accelerated recovery [3]. The aim of 
this chapter is to help readers gain a greater sense of what options exist for patients 
undergoing thoracic surgery, whether via VATS or thoracotomy approach, and what 
level of evidence is available to support the use of each regional technique.

 Search Strategy

Databases searched included PubMed, Cochrane, and Articles Plus. Primary search 
terms included the names of the regional techniques as well as “regional,” “block,” 
“thoracic,” “thoracotomy,” “thoracoscopic,” “VATS,” or “video-assisted” 
(Table  63.1). Filters used included “clinical trial,” “randomized controlled trial,” 
“meta-analysis,” and “case report.” An emphasis was placed on studies from the last 
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20 years, but no absolute date cutoffs were used. For techniques that had greater 
volumes of published literature (thoracic epidurals and paravertebral blocks) case 
reports were generally excluded. Also, an emphasis was placed on clinical trials 
comparing regional techniques to other regional techniques or to non-regional tech-
niques, as opposed to trials that compared medication mixtures, concentrations, or 
infusion rates within a single regional technique. Initial search results were 237 for 
thoracic epidural, 87 for paravertebral, and 86 for intercostal studies. Including case 
reports and proof-of-concept articles, the number of initial search results were 33 
for serratus anterior, 15 for erector spinae, and 7 for retrolaminar studies. The refer-
ences of relevant articles were also used as a source of additional articles. 
Approximately 85 total articles were tabulated and included.

 Results

 Direct Blockade of Spinal Roots: Neuraxial 
and Paraneuraxial Blocks

 Thoracic Epidural for Analgesia (TEA)
Complications of TEA are rare. The most feared complication of TEA is neurologic 
injury, which may be as rare as 0.4% for upper thoracic epidural placements [4]. 
Neurologic injury may be caused by formation of an epidural hematoma in patients 
with impaired coagulation. Guidelines suggest avoiding performance of interven-
tional spine procedures (including TEA) for patients on anticoagulants other than 
subcutaneous heparin, or agents that may impair platelet function other than 
NSAIDs [5]. Rates of infection are comparably rare; some patients may have uri-
nary retention [4]. Although TEA causes sympathetic blockade, prospective ran-
domized data has revealed that it does not interfere with the hypoxia pulmonary 
vasoconstriction reflex sufficiently to cause hypoxia during one-lung ventila-
tion [6, 7].

Table 63.1 PICO formatted terms for literature search

P—Patient I—Intervention C—Comparator O—Outcomes
Patients undergoing 
thoracic surgery

Thoracic Epidural 
Anesthesia (TEA)
Paravertebral Block 
(PVB)
Erector Spinae Plane 
block (ESP)
Retrolaminar block 
(RLB)
Serratus Anterior Plane 
Block (SAP)
Intercostal nerve block 
(ICNB)

Sham block
Patient controlled 
Analgesia (PCA)
IV opioid
Systemic analgesia
Local anesthetic

Pain
Chronic pain
Morbidity
Mortality
Complications
Length of stay 
(LOS)
Cancer 
recurrence
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Because epidural catheters have the potential to offer continuous analgesia, 
reduce systemic opioids, and promote better chest excursion, many consider it to be 
the gold standard of analgesia for thoracic surgery [8]. Some centers have included 
routine use of TEA for enhanced recovery protocols for VATS lobectomies because 
prospective randomized studies have demonstrated that when compared to PCA, 
TEA facilitated faster recovery of bowel function without increasing LOS [9]. 
Although the analgesic benefit of TEA for thoracotomy has been well established, 
it was found that patients undergoing VATS also have improved analgesia when 
compared to those who received no block [10]. Epidural analgesia has also been 
thought to reduce pulmonary complications by avoiding the respiratory depressant 
effects of narcotics, and allowing more complete chest wall excursion during spon-
taneous breathing [4]. This benefit has also been observed for lung transplant recipi-
ents, who were found to have reduced LOS and reduced ventilator time [11].

Perhaps one of the most interesting questions on the use of epidural anesthesia is 
whether it can have an impact on the rate of cancer recurrence after oncologic sur-
gery. Although cancer biology is extremely complex, two factors associated with 
increased risk of cancer recurrence appear to be modulated: a reduction in opioids 
[12–14], and a reduction in adrenergic stimulation [15–17]. While a wealth of retro-
spective evidence on non-thoracic surgery suggests epidurals are associated with 
decreased risk of cancer recurrence [18–20], less data is available for thoracic sur-
gery. Retrospective data for non-small cell lung cancer did not observe any associa-
tion between use of TEA and improved 2-year, 3-year, or 5-year cancer free survival 
[21, 22]. For esophagectomy patients, however, a retrospective review of the 
Surveillance, Epidemiology, and End Results (SEER) Medicare database did find 
an association of improved 90-day and 5-year survival in patients receiving an epi-
dural, even after adjusting for propensity to receive an epidural [23].

Another purported benefit of sympathetic blockade is the possibility of reducing 
the burden of tachyarrythmias, which are a known complication of thoracic surgery 
[24]. One small single center randomized trial observed that when compared to 
using epidural opioids alone, use of epidural local anesthetic was found to reduce 
the burden of tachyarrythmias (Table 63.2) [25].

 Paravertebral Block (PVB)
Paravertebral catheters, sometimes alternatively referenced as extrapleural, sub-
pleural, or retropleural catheters [26], have proven to be effective during VATS [27]. 
When compared to TEA for thoracotomy operations, several randomized controlled 
trials have observed that PVB catheters may offer equivalent analgesia to TEA cath-
eters delivering local anesthetic [28] with fewer complications such as hypotension 
[29–31]. One major difference between TEA and PVB catheters is that TEA cath-
eters provide an alternative avenue for targeted opioid administration. One system-
atic review found that TEA using both opioid and local anesthetic offered superior 
analgesia to PVB, but at the expense of side effects such as hypotension and urinary 
retention [32]. The higher incidence of hypotension and urinary retention appears to 
be a common theme found in other meta analyses and systematic reviews [33–36]. 
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A Cochrane review comparing TEA and PVB for thoracic surgery was unable to 
detect any difference in reducing conversion to chronic pain for either technique [36].

For patients undergoing VATS operations, there are fewer randomized controlled 
studies to draw from. One systematic review of four small randomized controlled 
trials found that, similar to thoracotomy procedures, PVBs were found to have com-
parable analgesia to TEA with fewer adverse effects including hypotension and 
urinary retention [37].

Since PVB infusions do not contain opioid it is possible that they may reduce 
cancer recurrence. Most studies have not shown a difference between PVB and TEA 
in use of supplemental systemic opioid [36]. Although paravertebral blocks have not 
been observed to reduce cancer recurrence for lung surgery, one retrospective cohort 
study did observe that PVBs were associated with higher overall survival [38].

Although PVBs would only cause unilateral sympathetic blockade, one small 
randomized control trial found that patients receiving PVB had a lower incidence of 
SVTs (primarily atrial fibrillation) when compared to those randomized to receive 
intercostal nerve blocks (Table 63.3) [39].

 Direct and Indirect Regional Block Techniques: Fascial Plane 
and Intercostal Nerve Blocks

 Erector Spinae Plane (ESP) Block
Unlike the previously described blocks, the needle for ESP is placed remote to the 
nerves of interest, and spread of local anesthetic is by the effect of the volume 
within the fascial plane [40–42]. An ESP block can be performed using single shot 
or continuous catheter technique. Due to the relative novelty of this block, most 

Table 63.2 Evidence for TEA in thoracic surgery

Proposed claim
Quality of 
evidence Summary

Improved analgesia for 
VATS compared to any 
alternative block

Moderate For patients who have long anticipated length of 
stay or complex pain management issues, an 
epidural may be optimal

Improved analgesia for 
thoracotomy

High Patients undergoing a planned thoracotomy will 
benefit from an epidural unless contraindications 
are present

Reduction in opioid use High Patients who receive an epidural are very likely 
to require fewer systemic opioids

Reduced SVT burden Moderate TEA or PVB may reduce tachyarrhythmia 
burden

Improved survival for lung 
cancer

Moderate Epidurals are unlikely to improve cancer-free 
survival for non-small cell lung cancer 
operations

Improved survival for 
esophageal cancer

Moderate Epidurals may improve cancer-free survival for 
esophageal cancer operations
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available evidence consists of case reports, though some retrospective reviews and 
a few small single center prospective studies have been conducted (Table 63.4).

For VATS approaches for lung surgery, case reports describe analgesic benefit for 
the ESP block for indications varying from single port procedures for spontaneous 
pneumothorax ranging up to multi-port with utility window for lobectomy [43–46]. 
ESP blocks have also been used for rescue analgesia for VATS resection of extra-
pleural metastasis in a patient with a thymoma [47].

Only one prospective randomized trial of ESP blocks demonstrated lower 
Visual Analogue Scale (VAS) scores as well as significantly lower opioid con-
sumption in the patients who received an ESP block compared to those who 
received no block, as well as additional benefits such as reduced pruritus and less 

Table 63.3 Evidence for PVB in thoracic surgery

Proposed claim
Quality of 
evidence Summary

Equivalent analgesia for 
VATS compared to TEA

High For patients who have VATS operations with short 
expected LOS, PVB can offer equivalent analgesia 
to TEA

Equivalent analgesia for 
thoracotomy compared to 
TEA

High Patients undergoing a planned thoracotomy will 
benefit from a PVB catheter in centers with 
sufficient technical expertise

Reduced hypotension 
compared to TEA

High A PVB may be preferable to TEA to reduce 
hypotension

Reduced urinary retention 
compared to TEA

High PVBs may be preferable to TEA to reduce urinary 
retention

Reduced LOS compared 
to TEA

Low PVBs may reduce length of stay in patients who 
are not anticipated to have uncomplicated recovery

Table 63.4 Evidence for peripheral and fascial plane blocks

Proposed claim
Quality of 
evidence Summary

Analgesia for VATS Low ESP and SAP blocks offer superior analgesia to no 
block
Insufficient data currently exists to recommend ESP 
or SAP over PVB or TEA for VATS

Moderate ESP is likely superior to SAP or RLB for 
postoperative analgesia

Analgesia for 
thoracotomy

Low ESP and SAP blocks offer superior analgesia to no 
block
Insufficient data currently exists to recommend ESP 
or SAP over PVB or TEA for thoracotomy

Safety of performing in 
anticoagulated patient

Moderate ESP, RLB, SAP, and ICNB blocks may be safe to 
perform in a patient who has impaired coagulation 
or platelet function

Liposomal vs standard 
bupivacaine for ICNB

Moderate Liposomal bupivacaine may offer superior 
analgesia when compared to standard release 
bupivacaine for ICNB
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nausea, presumably resulting from the lower opioid consumption [48]. The limi-
tations are that this was conducted as a single center trial consisting of 60 patients, 
and was limited to patients of American Society of Anesthesiology (ASA) physi-
cal status classification 1–2, ages 18–65, and no blinding (or sham block) was 
performed.

For thoracotomy approaches for lung surgery, ESP blocks have been reported to 
offer analgesic benefit to a pediatric patient using an ESP catheter [49], and lung 
transplant recipient [50]. ESP blocks have also been reportedly used for rescue anal-
gesia for a failed epidural in a patient who underwent a lobectomy via thoracotomy 
incision [51]. One patient underwent an open esophagectomy for esophageal cancer 
with three ESP catheters, a strategy which reportedly offered good thoracic analge-
sia despite inadequate epigastric analgesia [52].

When pooling many of these case reports, ESP blocks (single shot or continuous 
catheter technique) seem to be effective in reducing opioids in 76% of patients who 
receive the block [53]. It appears to have a good safety profile, and has been per-
formed in patients on dual antiplatelet therapy [54]. Only one published case report 
of pneumothorax has been published [55].

Some prospective randomized data exists for patients undergoing other proce-
dures on the thorax. One study in 42 mastectomy patients compared ESP single- 
shot blocks using two different concentrations of bupivacaine (0.375% vs 0.25%) 
and found that the higher concentration provided superior analgesia with lower tra-
madol use [56]. Another study of 106 sternotomy cardiac surgery patients (indica-
tions including CAD, ASD, and mitral disease) found that patients receiving single 
shot ESP blocks had improved analgesia compared to only multimodal analgesia 
without regional technique, and that the requirement for rescue analgesia was lower 
within the first 8 h. Additionally, they noted reduced time on the ventilator, reduced 
time to ambulation, reduced time to first oral intake, and reduced ICU length of 
stay [57].

 Retrolaminar Block (RLB)
The technique was first described to provide analgesia for breast surgery [58]. As 
with the ESP block, the proposed mechanism of analgesia is spread into the epidural 
and paravertebral space [59]. There is a severe paucity of high-quality evidence on 
the use of RLB for thoracic surgery. A case series described continuous RLB for 
analgesia after rib fractures, and this technique may lead to improvements in anal-
gesia without complications [60]. One letter to the editor described use of an RLB 
for a lobectomy (incision type unspecified) for a patient with spontaneous hemo-
pneumothorax [61]. One review article on the limited available data suggests that 
although RLB and ESP injections share a common fascial plane, RLB blocks may 
be better targeted to cover dorsal rami of the spinal roots, whereas ESP injections 
are more likely to offer lateral spread for a wider range of analgesia over the hemi-
thorax [62].
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 Serratus Anterior Plane (SAP) Block
First described in 2013, the SAP block was originally used for breast surgery [63]. 
The SAP block is thought to achieve this effect via spread to the intercostal nerves 
(most commonly T2–T6 with some variability), the long thoracic, and thoracodor-
sal nerves. For this reason, the integrity of the facial plane is essential to the success 
of the block, and all included studies evaluated the effect of the block being per-
formed pre-incision.

For patients undergoing VATS approaches to lung surgery, some single-center 
prospective randomized data exists. When compared to PCA with Tramadol, 
patients randomized to receive SAP blocks for VATS operations were found to 
have lower VAS scores and lower tramadol use within the first 24 h [64]. This 
finding was concordant with a later prospective randomized study evaluating 
patients who underwent SAP vs sham block who underwent VATS wedge resec-
tions, segmentectomies, or lobectomies—patients receiving the real block had 
lower pain scores and opioid use with better QoR-40 scores [65]. For patients 
undergoing VATS lobectomy, those randomized to receive the block were found 
to have lower requirements for intraoperative opioids, better hemodynamic sta-
bility, and faster emergence time [66] though the generalizability of these find-
ings may be limited by the anesthetic plan used. Another prospective randomized 
study in patients who had thoracoscopic procedures found that patients receiving 
the SAP block had lower VAS scores and a lower probability of finding “dissat-
isfaction” with their analgesia [67].

One single center prospective randomized trial of 60 patients compared SAP to 
ESP blocks for patients undergoing VATS operations (including wedge resections, 
decortications, bullectomy, biopsy, pleurodesis, and diaphragmatic plication). 
Patients receiving the ESP block were found to have better analgesia and a longer 
interval before requiring their first supplemental analgesic compared to patients 
receiving SAP block [68].

Two prospective randomized studies describe use of the SAP for patients under-
going thoracotomy approaches to surgery. One single center study compared the 
SAP bolus plus catheter to patients receiving TEA for lobectomy, pneumonectomy, 
pleuropneumonectomy, or metastasectomy via thoracotomy and found that patients 
in the SAP cohort had comparable analgesia up to the 14 h mark postoperatively, 
comparable morphine consumption, and lower instances of hypotension [69]. The 
primary limitations of this study include enrollment limited to only 40 ASA physi-
cal status II and III patients, with exclusion criteria for patients with chronic pain 
and those requiring post-op ventilation. Another prospective study of 90 patients 
randomized subjects to one of three arms—single shot SAP, single shot PVB, or no 
block—prior to lobectomy via thoracotomy for lung cancer surgery. Within the first 
12  h, patients receiving any block had superior analgesia to those who had not 
received any block, though after 12 h the PVB cohort had better analgesia compared 
to the other two cohorts [70].
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 Surgically Placed Intercostal Nerve Blocks (ICNB)
Intercostal nerve blocks are thought to provide direct blockade of intercostal nerves 
to blunt pain signaling along the ribs that are subjected to surgical trauma during 
any operation. Some of the initial publications of surgically placed ICNBs involved 
placement of the block in the posterior aspect of the thoracic cavity, which was 
thought to spread (intentionally) to the paravertebral space [71]. Other examples of 
ICNB in the era of VATS was to place hypodermic needles under thoracoscopic 
guidance to deposit local anesthetic into the intercostal space [72]. Differences in 
technique, as well as number of levels blocked, may contribute to the heterogeneity 
of data.

For patients undergoing VATS operations, some recent studies have focused on 
comparing effect of ICNB to alternative blocks, and several have focused on com-
paring liposomal bupivacaine (LB) with epinephrine compared to non-liposomal 
bupivacaine with epinephrine.

One recent retrospective study of 108 patients compared a 5-level posterior 
ICNB vs TEA for a mixed surgical population undergoing VATS, robotic-assisted 
thoracoscopic surgery (RATS), and thoracotomy approaches to lobectomy and sub- 
lobectomy operations. The investigators reportedly found no difference in analgesia 
between groups, but noted that patients in the ICNB group had, on average, a shorter 
LOS by 1 day [73]. It is possible that by performing a posterior ICNB, the investiga-
tors may have successfully achieved spread into the paravertebral space. One single- 
center prospective randomized trial of PVB vs 2-level ICNB for VATS lung surgery 
(pneumonectomy, bilobectomy, lobectomy, wedge resection) found that patients in 
both groups had comparable analgesia, although the ICNB cohort had a statistically 
significantly higher burden of SVT, primarily atrial fibrillation [39]. It is possible 
that although ICNBs achieve some spread to the paravertebral space, the degree of 
sympathetic blockade may be more complete when performing a PVB.

Three retrospective studies compared liposomal vs standard release bupivacaine. 
Two of the three found lower opioid requirements in the LB group [74, 75], while 
the remaining study found no difference [76]. The latter study did find an advantage 
in lower length of stay and faster time to ambulation in the LB cohort [76]. When 
compared to TEA, one retrospective single-center study noted that patients receiv-
ing LB had lower pain scores and lower cost of medical therapy [72].

For patients undergoing thoracotomy, two prospective randomized trials com-
pared 5-level ICNB to TEA. The first found no major difference in analgesia [77]. 
The more recent and larger study found comparable analgesia at rest, but that TEA 
improved pain control when clearing airway secretions and resulted in better post-
 op spirometry [78].

One prospective-randomized trial assessed the potential for ICNB to provide 
preventative analgesia, given the high rate of postoperative thoracotomy pain to 
convert to chronic pain. The investigators randomized patients in 2 × 2 fashion to 
one of four arms—pre-op vs post-op ICNB, and dextromethorphan vs placebo. 
They noted a statistically (though perhaps not clinically) significant reduction in 
morphine consumption in the cohort receiving dextromethorphan and pre-op 
ICNB [8].
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 Conclusions and Recommendations

While neuraxial and paraneuraxial techniques have over a century of proven suc-
cess, some of the newer fascial plane techniques offer promising alternatives for 
patients who have contraindications to epidurals or paravertebrals for postoperative 
analgesia. Epidurals and paravertebral catheters would be the preferred choice in 
any patient who could benefit from sustained analgesia over a multiple days of inpa-
tient recovery. For operations with shorter anticipated recovery, single shot paraver-
tebral blocks are supported with higher quality evidence. For patients in whom 
paravertebrals cannot safely be performed, ESP blocks are likely to be safe and may 
be more effective than SAP or RLB injections though further high quality studies 
are necessary.

Despite the very encouraging findings, enthusiasm should be tempered by the 
paucity of high quality data that offers head-to-head comparison of ESP or SAP 
blocks versus well established blocks such as PVBs or TEA. An ESP or SAP block 
may be well suited for any patient with contraindications to TEA or PVB such as 
neuraxial precautions. ESPs have safely been done in patients being anticoagulated 
for cardiopulmonary bypass. ESP blocks may be superior to SAP blocks and are 
very likely superior to RLB blocks for thoracic wall pain. ESPs may be a safer 
choice in patients with anatomic derangements that preclude safe performance of a 
TEA or PVB. It may also be an appropriate choice as a rescue block for patients in 
whom the first attempt has failed.

 A Personal View of the Data

For patients with favorable anatomy without contraindications undergoing common 
VATS lung resections, I offer single shot paravertebral blocks. I discuss potential 
benefit of epidural catheters in any patient I suspect may have a complex recovery 
plan or in which there is a heightened desire to reduce opioids. For patients in whom 
I do not feel I can safely perform a paravertebrals, I offer single shot erector spi-
nae blocks.

Recommendations
• We recommend use of thoracic epidural analgesia for patients undergoing 

thoracotomy who have a long anticipated length of stay or complex pain 
management issues (evidence quality moderate, strong recommendation).

• We recommend use of a paravertebral block in patients who are undergo-
ing VATS procedures or thoracotomy with expected short length of stay 
(evidence quality high, strong recommendation).

• We recommend peripheral or fascial plane blocks in any patient undergo-
ing thoracic surgery who is not receiving a thoracic epidural catheter or a 
paravertebral block (evidence quality moderate, strong recommendation).
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64The Nuss Procedure Versus the Modified 
Ravitch Repair for Pectus Excavatum 
in Adults

Daniel P. Raymond

 Introduction

Although a relatively common congenital deformity affecting one in every 300–400 
white male births [1], controversy surrounds many aspects of surgical management 
of pectus excavatum. Surgical correction was introduced by Ravitch in 1949 [2]. 
Although modified significantly, this was the procedure of choice until Nuss [3] 
introduced a minimally invasive alternative to the Ravitch procedure (RP) which 
offered smaller incisions, less dissection, and no cartilage removal or osteotomy: 
the Nuss procedure (NP). The NP has grown in popularity, yet questions remain 
regarding its relative efficacy in comparison to the RP. To date, no randomized trial 
has been performed to compare the two procedures. Moreover, there is little agree-
ment in the literature regarding the actual goals of the operation. Is it to provide 
cosmesis or to improve cardiopulmonary function? In the pediatric population, 
repair for cosmetic purposes is widely practiced due to the potential benefit for psy-
chosocial development [4]. In the adult population, this benefit is less profound and 
thus a physiologic improvement is desirable but a well-accepted objective measure 
remains elusive.

 Search Strategy

Searches were performed utilizing Ovid MEDLINE™, PUBMED and the Cochrane 
Library with data abstracted from 2000 to 2019 in English language journals. Search 
terms utilized included pectus excavatum, Nuss, Ravitch, funnel chest and chest 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-47404-1_64&domain=pdf
https://doi.org/10.1007/978-3-030-47404-1_64#ESM
mailto:raymond3@ccf.org
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wall deformity (Table 64.1). Reference lists from all extracted articles were further 
reviewed to extract additional publications and obtain additional search terms.

 Results

The current literature comparing the Nuss and Ravitch procedures is dominated by 
single center, retrospective series that often are relatively small. As a result, the most 
robust data comes from several meta-analyses that have been performed and are 
listed in Table 64.2. One must be careful in interpretating these reports as there is 
significant overlap in the studies and thus we must not over-inflate the conclusions. 
Nasr et al. [5] in 2010 evaluated nine studies, none of which was randomized, eight 

Table 64.1 PICO formatted terms for literature search

P (Patients) I (Intervention) C (Comparator) O (Outcomes)
Adults with pectus excavatum Nuss bar Ravitch procedure Functional benefits

Cosmesis
Costs
Quality of life

Table 64.2 Metaanalyses of outcomes after surgical treatment for pectus excavatum

Author Year Population
Number 
of studies Findings

Quality of 
evidence

Nasr et al. [5] 2010 Children 
and adults

9 Complication rates similar
Reoperation rates higher for 
Nuss bar (p = 0.001)
Postoperative pneumothorax 
(p = 0.009) and hemothorax 
more common after Nuss 
(p = 0.05)
Duration of operation longer 
for Ravitch (p = 0.05)
Postoperative length of stay 
similar
Patient satisfaction similar

Low

Kangaratnam 
et al. [6]

2016 Adults 13 Higher complication rate 
after Nuss bar (p = 0.05)
Higher rate of bar 
displacement after Nuss 
(p = 0.02)
Higher rate of reoperations 
after Nuss (p = 0.02)

Low

Mao et al. [7] 2017 Children 
and adults

19 Shorter operating time with 
Nuss bar (p < 0.001)
Less blood loss with Nuss 
bar (p < 0.001)
Postoperative length of stay 
similar

Low

D. P. Raymond
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were retrospective, and no studies were excluded. Age was not reported. Ultimately, 
the study concluded that no significant differences could be identified between the 
two procedures with respect to overall complication rates or length of stay (LOS). 
They did note the Ravitch procedure was associated with a longer operating time 
(weighted mean difference [WMD] = 69.94 min (p = 0.05)). Furthermore, the rate 
of reoperation for bar migration or persistent deformity was higher in the Nuss 
group (OR 5.68 (2.51–12.85); p = 0.0001).

In 2016, Kangaratnam et  al. [6] published a meta-analysis including the nine 
studies utilized by Nasr et al. [5], and added four additional studies: an older study 
by Nuss et al. [3] and three more contemporary studies. It included adult and pedi-
atric patients and provided a clear description of the study selection process. 
Consistent with Nasr et al. [5], they demonstrated the Ravitch procedure took longer 
to perform but the length of stay and overall complication rates were not signifi-
cantly different. Furthermore, subgroup analysis of complications was performed 
based on age. In the adult population, there was a significantly lower rate of early 
complications (occurring within 1 month of the procedure) in the Ravitch group 
(OR = 3.26; 95% CI: 1.01–10.46; p = 0.05). Likely a major contributor was the 
incidence of bar displacement in the Nuss patients (OR 7.1; 95% CI 1.37–36.52; 
p = 0.02). Not surprisingly, therefore, the adult Ravitch group had a lower rate of 
reoperation.

Mao et al. [7] produced an updated meta-analysis which included the majority 
of the manuscripts reviewed by Nasr et al. [5] and Kangaratnam et al. [6] with the 
addition of nine more contemporary studies, many from the Chinese literature. 
This included three labelled “randomized” trials, however at least one of them 
was not. Similar to their predecessors, they demonstrated that the operating time 
for the Nuss procedure was shorter by 77 min on average. They further demon-
strated lower blood loss in the Nuss group by an average of 51 mL (p < 0.001) 
but found no difference in LOS.  Notably, however, they found that, with the 
exclusion a the study by Fonkalsrud et al. [8], the LOS was shorter in the Nuss 
patients.

Malek and colleagues [1, 9] produced two additional meta-analyses evaluating 
pulmonary function and cardiovascular function following pectus excavatum repair 
in a mixed population. They noted no statistically significant differences in postop-
erative pulmonary function between the surgical groups. A similar analysis of surgi-
cal subgroups was not provided for the cardiovascular evaluation.

Looking specifically at perioperative pain, Papic and colleagues [10] performed 
a retrospective evaluation of 181 patients undergoing pectus excavatum repair at a 
single institution. The Ravitch patients were older (15.7  years vs. 14.6  years; 
p = 0.004) and had more severe Haller scores (5.2 vs. 4.1; p < 0.001). Nuss patients 
had higher average daily pain scores and received 25% more opioids (p < 0.001) 
than the Ravitch patients. In a multivariate analysis used to control for several vari-
ables including age, benzodiazepine use, and nonnarcotic pain medication use, the 
Nuss procedure remained a statistically significant predictor of greater narcotic use 
(p = 0.002). Further analysis suggested that narcotic consumption was especially 
high in the adult Nuss population.

64 The Nuss Procedure Versus the Modified Ravitch Repair for Pectus Excavatum…
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 Conclusions and Recommendations

Presently, satisfactory evidence does not exist to conclude that the Nuss or modified 
Ravitch procedure is superior in the adult population. There are certain themes in 
the literature that can be conveyed to patients when counseling regarding procedure 
choice. These include: the Ravitch procedure takes longer to perform; blood loss is 
higher with the Ravitch procedure although the relative loss for both procedures is 
low; complication rates in adults are higher after the Nuss procedure, primarily due 
to bar displacement; and the Nuss procedure is associated with greater postopera-
tive pain.

 A Personal View of the Data

Surgical repair of pectus excavatum in adults is a rare procedure. As a result, there 
is limited available data to evaluate the relative benefits of either the Nuss or Ravitch 
procedure. Although we may extrapolate from the pediatric population, there are 
fundamental differences which make this problematic. First, the indication in the 
pediatric population is psychosocial developmental reasons based on the presence 
of the defect. As a result, there has been lack of identification of objective physio-
logic measurements to determine efficacy, which would be of significant value in 
the adult population. Secondly, chest wall compliance declines with age [11]. It has 
been suggested that this difference in compliance and growth plate closure may 
explain some of the findings in the adult population such as an increased rate of bar 
displacement and pain associated with the Nuss procedure. An additional challenge 
in the adult population is the question of conditioning. It has been the author’s 
impression that the patients who benefit most from correction are those who partici-
pate in a regular exercise program preoperatively and resume participation in that 
program postoperatively as quickly as possible. Deconditioning postoperatively 
could potentially be an effective means of negating any potential benefits of surgical 
correction of pectus excavatum.

Given the lack of clear superiority of one procedure, the ideal approach is to offer 
both and counsel the patient regarding the strengths and weaknesses of both 
approaches. This requires mastery of both procedures, which lends itself to a surgi-
cal team approach, especially given the relative rarity of the procedure.

Recommendation
• Both the Nuss procedure and the modified Ravitch procedure are recom-

mended for correction of pectus excavatum deformities in appropriately 
selected adult patients (evidence quality low; weak recommendation).

D. P. Raymond
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