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Most surgeons would prefer not to talk about surgical 
complications, much less write about them. If they are 
written about, unusual complications are frequently 
published as case reports. For this reason, I know of no 
single-author books on this topic; multiple-author works 
on surgical complications are the norm. This book is 
no exception. The multiple authors of its chapters have 
been chosen for their specific expertise in a given ana-
tomic or physiologic field.

From the patient’s viewpoint, a surgical complication 
is any unexpected event that occurs after surgical inter-
vention and causes the patient pain or suffering. From 
the surgeon’s viewpoint, many of the occurrences that 
patients would call complications are seen instead as 
sequelae. A sequela is an untoward occurrence that is 
out of the surgeon’s control, such as phantom limb pain 
after amputation, the dumping syndrome after gastric 
resection, and the onset of diabetes after pancreatic 
resection. The list is almost endless. Surgeons should 
warn their patients about potential problems before 
performing the procedure and should convince patients 
that the need for operative intervention outweighs any 
problems that may result.

A classic example of such a problem is wound infec-
tion. Wound infection can be a sequela when the sur-
geon is forced to operate through an infected site. In 
fact, one wound classification system is based on the 
potential that infection may develop. More often, how-
ever, wound infections are true complications and can 
be prevented. Among the many available preventive 
techniques are nutritional support, prophylactic admin-
istration of antibiotics, skin preparation, sterility of the 
operative environment, and sterile technique. For exam-
ple, before sterile technique was adopted, compound 
fractures resulted in amputation and a mortality rate 
of 50%–80% because of systemic infection, probably by 
streptococcus. The patients who survived frequently 
experienced the development of “laudable pus,” which 
indicated a localized infection, probably due to staphy-
lococcus. War wounds, whether clean contaminated 
or fully contaminated, were and still are treated with 
debridement and secondary closure. Appendicitis with 
rupture is still treated with secondary closure at many 

medical centers. Since 1900, long before the develop-
ment of antibiotics, addressing clean wounds under 
sterile surgical conditions has been associated with low 
rates of wound infection.

The example given earlier, wound infection, cuts 
across all surgical disciplines and demonstrates the 
need for a system-oriented approach to minimizing 
complications. The occurrence and severity of compli-
cations are affected by factors related to patient, envi-
ronment, hospital, nursing, and surgeon. It makes little 
difference whether one uses the “weakest link” or the 
“Swiss cheese” model to explain the occurrence of com-
plications due to failure of the system if, during each 
case, the level of care is optimized and adequate com-
munication between all personnel providing patient 
care is ensured.

A strong case can be made for the usefulness of the 
classic surgical mortality and morbidity conference in 
analyzing the system failures associated with a given 
complication. The mortality and morbidity discussion 
addresses approaches that can be used to obviate a sur-
gical complication in the future. The use of a table can 
be helpful in placing complications related to system 
failure into such categories as errors in judgment, errors 
in technique, and delay in diagnosis, treatment, or both 
because of the disease progress. Such an analysis serves 
both educational and quantity-of-care goals.

The thrust of this book is to review and classify the 
complications related to surgery from the standpoints of 
prevention, recognition, and management so that their 
impact on the patient’s recovery can be minimized. This 
book analyzes the complications associated with many 
types of surgical intervention and dissects the optimal 
manner of preventing each one. It also discusses diag-
nostic and therapeutic techniques that can be used to 
minimize the impact of such complications on the wel-
fare of the patient. Therefore, it should be a standard ref-
erence for all surgeons, regardless of specialty.

J. Bradley Aust, MD, PhD (Deceased)
Department of Surgery

University of Texas Health Science Center at San Antonio
San Antonio, Texas

Foreword
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This was not my patient…
I was not present for this case…
There is nothing different I would do the next 
time…
Let me have the surgical attending tell you why 
we did this…
I never saw this patient…
If you do enough operations you are bound to 
have this happen…
It was an act of God…
I did a perfect operation… the ungrateful patient 
died…

Anonymous Chief Resident

This text was conceived to provide important informa-
tion regarding the incidence and management of com-
plications encountered in the surgical care of patients. 
More importantly, the contributing authors have iden-
tified methods to prevent or avoid complications. To 
paraphrase Albert Einstein, “Geniuses learn from other 
people’s mistakes.”

This book is dedicated to all the surgeons who have 
paved the path for surgical success.

Stephen M. Cohn

Matthew O. Dolich

Preface
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Introduction

We surgeons establish a delightfully rewarding, gratify-
ing, and unique bond with our patients. For our medi-
cal colleagues, the stakes are totally different. Without 
much trepidation, we, the authors, would permit Helen 
Keller to take our blood pressure or even palpate our 
edematous ankles. Similarly, if our health maintenance 
organization (HMO) relegated our primary care to 
someone with limited intellectual capacity, we would 
risk a visit or two before complaining.

But when a surgeon suggests that we must go to sleep 
while he or she clamps our aorta or removes our can-
cerous tumor, we demand dazzling expertise and total 
commitment. We may not be able to accurately assess 
the former (the diplomas on the wall are not sufficient), 
but we can sense the latter. From our surgeon, we expect 
knowledge, experience, and technical proficiency; 
equally important, if things do not go well, we want our 
surgeon to hurt as much as we do. That is commitment!

What Is Hurt?

Physical pain is easy to describe and define. We have 
all stubbed a toe or bruised an elbow. Calibrating pain 
is more complex. We have all seen the rancher from 
Wyoming who brings his traumatically amputated 
lower limb to the surgeon by bus, and the businessman 
from New York City who requires morphine for a hair-
cut. Vicarious hurt, on the other hand, may be unique to 
humans and is more difficult to explain.

In its simplest form, the morbidity and mortality con-
ference examines misadventures; dissects the preopera-
tive, intraoperative, and postoperative events related to 
them; and derives strategies to prevent their recurrence. 
The varieties of surgical error are comprehensively 
explored in this book. Some are “surgeon specific”: we 
may commit an error in the patient’s diagnosis, in our 
surgical technique, or in the perioperative manage-
ment of the case. Occasionally, these errors are readily 
apparent: the appendix was normal or the anastomo-
sis leaked. Some problems, however, are “system spe-
cific”: the Monday morning anesthesiology conference 
typically runs later than 8:00 AM. On Mondays, when 
the rushed anesthesiologists exit their conference, their 

tardiness prompts an abbreviated preoperative assess-
ment of the patient. The chart clearly states that the 
patient has diabetes or is being treated with drops for 
glaucoma, but the anesthesiologist misses this state-
ment. That is a system-specific problem.

To the conscientious surgeon, any problem is always 
his or her fault. Whenever we, as surgeons, blame the 
hospital administrator because the ceiling collapsed or 
blame “patient disease” because our diabetic patient 
experienced a wound infection, that is a cop-out. We 
must always strive to eliminate all trouble for our 
patients. Every mishap is always avoidable, and every 
problem that does occur is our fault. This philosophy 
greatly simplifies the adjudication of the mortality and 
morbidity process. This philosophy also defines hurt. 
If you want to be God, you must accept responsibility. 
God controls everything. It follows logically that you 
receive credit for both the good and the bad. If the bad 
is your fault, it must hurt. Good surgeons hurt—a lot.

Who Is Responsible?

Ultimately, our goal is to make our patients and their 
families feel better. If we can accomplish this by virtue of 
our superior comprehension of some subcellular mech-
anism of disease or by means of some particular ther-
apy, so much the better. We infuse a phosphodiesterase 
inhibitor to prevent cyclic-adenosine monophosphate 
degradation and thus to build the contractile strength of 
cardiomyocytes. We do this because we know that, with 
age and congestive failure, patients deplete their cardiac 
beta-adrenergic receptors, and thus we must resort to a 
different inotropic strategy. That is great! We can tuck 
our thumbs into our axillae and strut off to the next 
lucky patient with the full knowledge that this cardiac 
cripple is incredibly fortunate to have a surgeon with 
our degree of omniscience.

Conversely, after our patient tiptoes his or her way 
through the surgical intensive care unit minefield, some 
well-meaning cardiology fellow or surgical intensive 
care unit nurse tells the family that Uncle Andy “almost 
died” and “really has a bag for a heart.” The family (and 
Uncle Andy) is justifiably delighted to be discharged 
eventually from the surgical intensive care unit (and 
the hospital). But, in reality, Uncle Andy arrives home 
on pins and needles, expecting to die at any moment, 
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for he is now obsessed with the knowledge of the hor-
rible condition of his heart. That is a complication! We 
can have a civil discussion about who is responsible for 
this travesty of care, but we believe that it is the surgeon. 
From the moment that a surgical diagnosis is even sug-
gested by the patient, his or her mother-in-law, or the 
medical consultant, the surgeon must enthusiastically 
accept responsibility for the pathophysio-psycho-social 
outcome of his or her surgical endeavors. Transfecting 
a responsive insulin receptor into an unsuspecting 
hepatocyte for the purpose of glorifying dysfunc-
tional carbohydrate metabolism is nearly miraculous. 
Accomplishing this while sacrificing Uncle Andy’s com-
prehension and adding to the confusion of the family is 
a travesty of surgical or medical skill. Our ultimate sur-
gical goal is to make the family understand that Uncle 
Andy really does feel better.

Are Death and Disease Inevitable?

As conscientious, sensitive, thoughtful, compassion-
ate surgeons, we must not accept the obvious answer 
to this question of whether death and disease are 
unavoidable [1]. The surgical mortality and morbidity 
conference is unique in medicine and probably in the 
civilized world. Short of bank robbery, few events are 
as independently attributable to their perpetrator as is a 
surgical procedure. The surgeon meets the patient and 
family. He or she describes the pathological problem 
and the proposed surgical solution. If trust and com-
mitment are not immediately emblazoned into this ini-
tial interaction, the whole process is fortunate to achieve 
junior bush league status. If the diagnosis is omniscient, 
the surgical technique flawless, the perioperative care 

masterful, and the patient expeditiously returned to the 
position of a socially responsible contributor to society, 
but the patient or the family does not comprehend the 
process, then the surgeon has failed.

Open discussion of this glorious spectrum of thera-
peutic opportunities is the purpose of a constructively 
educational surgical mortality and morbidity confer-
ence. When we, as surgeons, welcome this amplitude of 
criticism, we confidently bare our souls in the knowl-
edge that no matter how good we are, we welcome any 
sacrifice to be even better. And after every patient we are 
privileged to treat and after every mortality and morbid-
ity conference, we should look ourselves in the mirror, 
acknowledging that we may not know what profession 
is second best but that we are incredibly fortunate to be 
members of the most gratifying, responsible, receptive, 
critical, rewarding, and fun guild that exists (H. Polk, 
S. Guandlick S, Personal communication, 2002).

Julie Heimbach, MD
Mayo Clinic, Rochester, Minnesota

Jyoti Arya, MD
University of Colorado, Denver, Colorado

Alden H. Harken, MD
University of California, San Francisco, and UCSF-East Bay 

Surgery Program
Oakland, California
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The mortality and morbidity conference is an exercise 
unique to surgeons among all the members of the medi-
cal profession. Our colleagues in the medical specialties 
do not organize such conferences and rarely publicly 
probe their practices for systematic or individual error. 
Because surgeons collect data on mortality and morbid-
ity and discuss such events regularly, surgical practice 
is most frequently analyzed by quality assurance staff. 
The quality assurance mavens are simply being lazy. 
They would provide a much greater return, in terms 
of overall improvement in patient care, if they invested 
their effort among those, primarily nonsurgeons, who 
do not engage in regular analysis of potential error.

Sad to say, the mortality and morbidity conference in 
some institutions I have had the privilege to visit some-
times fails to meet the objective of identifying error so 
that it may be corrected. Failure most frequently is due 
to lack of any real discussion in depth about the details 
of complications and deaths. Cases of senior or power-
ful attending physicians are not brought up for discus-
sion, or details of errors in such cases are glossed over. 
No one utters critical remarks; moderators shirk their 
responsibility to probe. The conference is a sham. Even 
worse, in some institutions, the mortality and morbid-
ity conference is converted into a presentation of “inter-
esting” cases—an exercise better reserved for Grand 
Rounds—and investigation of the potential for preven-
tion of deaths and complications does not occur.

If a mortality and morbidity conference is to achieve 
its desired goal, all cases resulting in any deviation, 
however minor, from the desired and expected outcome 
must be identified and be eligible for discussion. There 
can be no exceptions. Additionally, the conference must 
be appropriately structured; attendance without excep-
tion must be required of all staff, residents, and students 
assigned to the service or department. The conference 
must be led by moderators who understand and accept 
that it is their duty to probe for errors and for the causes 
of untoward outcomes. The conference should be open 
to nurses and other members of the hospital staff inter-
ested in the presentations and discussions.

To enhance effective discussion and sharing of experi-
ence, both the number of cases eligible for review and 
the size of the audience participating in the discussion 
should be neither too large nor too small. Between 30 
and 50 is about the right number for both parameters. If 
necessary, because of the great workload of the service 

or department, multiple mortality and morbidity confer-
ences should be conducted by subunits. The conference 
should be conducted weekly, be limited to one hour in 
duration so that the attention of the audience does not 
wander, start on time, and end on time. The room in 
which the mortality and morbidity conference is held 
should be large enough to accommodate the audience 
comfortably. There should be facilities for displaying 
x-rays—about eight large films simultaneously—and 
equipment to project occasional pertinent slide or com-
puter illustrations should also be available.

It is not necessary, in my view, to have a pathologist or 
radiologist in regular attendance. These specialists tend 
to spend too much time on demonstration of details that 
are of great interest within their medical niche but do 
not quickly advance the point of the mortality and mor-
bidity conference: determination of the accuracy and 
effectiveness of the diagnosis or treatment in the case 
under discussion.

An agenda listing pertinent statistical and case infor-
mation should be distributed at the entrance to the 
meeting room. No information identifiable with a spe-
cific patient should be included in the agenda. Material 
presented at mortality and morbidity conferences is 
usually protected by quality assurance privileges and 
regulations. Nonetheless, all copies of the agenda should 
be collected and destroyed at the end of the conference.

The agenda should include all material for a fixed time 
period; from eight o’clock Sunday morning to the same 
time on the following Sunday morning is a convenient 
interval. The agenda should list the following statistics: 
numbers of admissions, discharges, open operations, 
closed (e.g., laparoscopic) procedures, other procedures, 
complications, and deaths. This statistical information 
should be followed by a morbidity summary that sepa-
rately lists each instance of an unexpected or untoward 
outcome in outline fashion (e.g., wound infection; 64F, 
colectomy, drained sixth pod). The sketchy informa-
tion serves simply to remind the audience of the patient 
involved. The morbidity data are followed by a mortality 
summary in which each death is individually listed, also 
in shorthand fashion (e.g., 64F, colectomy; stroke fourth 
pod; pneumonia; died 10th pod; cause: MOF; no autopsy).

The assignment as moderator should be rotated among 
several of the most junior members of the staff. These 
persons are more likely to be up to date in their knowl-
edge base. The moderator chooses from among the cases 
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listed on the agenda those for presentation and discus-
sion, emphasizing cases with unexpected outcomes, 
teaching value, rarity, etc. The moderator must maintain 
control of the conference, insisting that presentations be 
succinct, discussions be pertinent, and no witch-hunting 
be practiced by the audience. Knowledgeable members 
of the staff should be called upon for comment, espe-
cially if it is likely they will dissent. Residents should be 
liable to be called upon at any time—a device that helps 
to keep them awake. The moderator should generate 
any required minutes or reports soon after the confer-
ence has been completed.

Presentations, as requested by the moderator, are 
made by the resident team involved. All members of the 
team should stand at the front of the room. Usually a 
student or intern quickly summarizes the clinical course 
up to the time of operation or other salient event. These 
presentations should be rehearsed so that they are short 
and succinct, no more than a minute or two in length, 
even for a complicated case. Because all cases are eligi-
ble for discussion, all will have to be prepared. Pertinent 
x-rays should be put up during the initial presentation 
for viewing by the audience; the x-rays must be sorted 
in advance because there is no time within an efficiently 
conducted mortality and morbidity conference for rum-
maging through an x-ray file.

The presentation is next taken up and completed, 
beginning with the operation and continuing through 
the postoperative course, by the most senior resident 
involved in the procedure. I advise residents to read 
Forgive and Remember by Bosk [1] and to identify and fol-
low the 15 rules of successful resident behavior identi-
fied therein. If they do so, they will acknowledge their 
errors during their presentation, thus anticipating reac-
tion from the audience and controlling the discussion at 
the mortality and morbidity conference. If they do not, 
their experience at mortality and morbidity will some-
times be unnecessarily unpleasant.

I made it a rule that if residents had not disagreed at 
the time with the attending physician about any deci-
sion or other matter, then they carried responsibility for 
the outcome and had to conduct the presentation and 
answer questions from the audience. On the other hand, 
if they had clearly established their position of dissent, 

all they had to do was say so; the attending physician 
then had to come forward to complete the presentation 
and handle the discussion.

After the completed presentation, the moderator may 
ask the members of the audience whether they have 
questions that might clarify details of the presentation. 
Then the moderator initiates discussion of alternatives 
and possible error. If their presentation has been con-
ducted as it should be, the residents will have left no 
question unanswered and the conference will simply 
move on to the next case.

The mortality and morbidity conference should be the 
best teaching exercise conducted by a surgical service 
or department. The goal is to have an open, thorough, 
detailed discussion of untoward outcomes so that all 
may learn from these events with the aim of improv-
ing the excellence of patient care. Properly conducted, 
the mortality and morbidity conference will, at least 
sometimes, be an uncomfortable exercise for some par-
ticipants because no one, save an intellectual masoch-
ist, relishes having his or her potential lapses discussed 
in public. But if properly conducted in a spirit of open 
intellectual inquiry, the mortality and morbidity confer-
ence will serve to enhance the professional knowledge 
and conduct of all participants and will help to avoid 
repetitive error. It is, therefore, “worth the price” of 
occasional embarrassment.

Robert E. Condon, MD, MSc, FACS
Department of Surgery

The Medical College of Wisconsin
Milwaukee, Wisconsin

and

The University of Washington Medical School
Seattle, Washington
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1.1 Introduction

For more than a decade, growing interest has emerged 
in improving patient safety as a significant priority in 
American medicine. This relatively new goal has taken 
on a complex form in recent years, with its origins 
dating back to the early 1970s. The modern version 
of improving patient safety and improving outcomes 
has been branded quality. Stakeholders in medicine 
have also defined themselves more transparently in 
recent years, including governments, insurers, and 
providers. With healthcare expenditures growing in 
an economically unsustainable fashion, all three major 
stakeholders have become increasingly invested in 
improving quality in an effort to decrease costs and 
model medicine into a more business-like entity with 
defined products and expected outcomes. However, 
the variability in outcomes in medicine has proven to 
be a formidable obstacle to overcome. Variability has 
been shown to exist between providers, between facili-
ties, within facilities, and even geographically, making 
targets for reform elusive. To that end, application of 
similar expectations to those of the business world has 
revealed the monumental challenge that optimizing 
the “product” of medicine poses, and has underscored 

the realization that medicine is the most complex busi-
ness model known.

Lessons from both the automobile and airline indus-
tries have previously demonstrated the detrimen-
tal effects of variability on product quality and cost. 
Translating those same lessons to medicine has revealed 
similar deleterious effects. One of the seminal studies 
that began to shed light on variability and outcomes 
was by O’Connor et al. (1998). This regional study by the 
Northern New England Cardiovascular Disease Study 
Group reported on the modes of death associated with 
coronary artery bypass grafting (CABG) and assessed 
the causes of outcome variability in patients receiving 
the procedure. There was wide variability among the 
five different facilities performing the procedure, with 
mortality rates ranging from 3% to 11%. The group 
was able to show that variation in outcomes could be 
traced to the occurrence of low-output heart failure, 
while other seminal complications were statistically 
similar across surgeons including hemorrhage, stroke, 
infection, and dysrhythmia. These findings ultimately 
allowed for process improvements targeting low-output 
failure regionwide as a means of lowering mortality 
after CABG. This was one of the earliest documented 
efforts at identifying and subsequently managing vari-
ability as a means of improving outcomes.

1
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The national focus on quality and safety effectively 
began a few years later in 2000 with To Err Is Human and 
was followed shortly thereafter with Crossing the Quality 
Chasm, both published by the Institute of Medicine.2,3 
Between these two reports, it was noted that over 44,000 
people die every year from preventable medical errors 
costing between $17 billion and $29 billion a year in 
additional care. These two reports gave the public and 
insurers a first glimpse at the true quality of the product 
that the healthcare community was producing. This was 
a wake-up call to the healthcare community that change 
was needed. Since that time, there has been growing pres-
sure by insurers and more recently by government to ini-
tially encourage and more recently force the healthcare 
community to focus on improving quality. Providers, in 
the form of national organizations such as the American 
College of Surgeons (ACS), have now made quality part 
of their mission, as providers have begun to realize that 
failure to take the lead in improving quality will result in 
policymakers and/or insurers doing so for them.

The Centers for Medicare and Medicaid Services 
(CMS) have also begun scrutinizing variance as a barrier 
to quality by launching large hospital-wide initiatives 
to decrease the rates of postoperative complications.4 In 
an effort to directly target items that are widely viewed 
as preventable markers of quality patient care, CMS 
began withholding payment for the following hospital-
acquired secondary diagnoses as of October 1, 2008:

• Retained foreign bodies (such as laparotomy 
pads and surgical instruments)

• Pressure ulcers
• Catheter-associated urinary tract infections
• Catheter-based vascular infections
• Air embolism
• Mediastinitis
• Blood incompatibility for transfusions
• Falls

Most of these complications have strong evidence to 
suggest that they can be avoided. However, some of 
these “preventable” complications occur despite every 
precaution, especially in those hospitals that inherently 
care for more complicated patients. Insurance providers 
have followed suit and also begun linking adherence to 
evidence-based methods with reimbursement.5 While 
some reluctance should exist in applying average solu-
tions to highly variable patients, there is an inherent 
advantage to applying data-proven approaches to deal 
with common problems in surgical patients.

Beyond issues with insurance, variability has been 
identified as a key factor driving up the cost of medi-
cal care.6 A recent article published in the lay press 

regarding variability helped clarify many of the prob-
lems that plague medicine. In 2009, Gawande wrote an 
article for The New Yorker Magazine entitled “The cost 
conundrum,” which was one of the first to critically eval-
uate the effect of variability in medicine and its resul-
tant effect on healthcare costs. In this article, Gawande 
was able to show that wide variability in costs at differ-
ent institutions failed to result in improved outcomes. 
While not the first, this article was certainly the most 
mainstream and signaled a departure from the notion 
that spending more yields better care. The author went 
on to point out that centers accruing high cost tended 
to have wide variability related to the use of multiple 
repeated diagnostic and therapeutic procedures. At the 
same time, these facilities tended to have poorer patient 
outcomes overall. Therefore, in order to improve reim-
bursement rates, drive down medical costs, and fore-
most to improve patient care and outcomes, it becomes 
critical to identify the factors leading to variability.

1.2 Causes of Variability

Several proposals have been put forward to facilitate 
the conceptual equation that results in patient out-
comes. One of the first was described by Iezzoni in 2003, 
where she noted that variance in patient outcome could 
be defined in a mathematical form.7 She described an 
“algebra of effectiveness” such that

Patient factors + Effectiveness of care + 
Random events = Patient outcome

Birkmeyer and Dimick took Iezzoni’s theorem one 
step further, applying the Donabedian quality-of-care 
framework to describe patient outcome as a result of 
various aspects of the healthcare structure and process8 
(Figure 1.1). They note that the structure includes vari-
ables that do not directly affect patient outcome but do 
change the process by which a patient is cared for. The 
structure first includes the surgeons’ level of experi-
ence as determined by their skill with patient care by 
evaluating and correctly selecting surgical candidates, 
managing patients in the operating room, preventing 
complications in the postoperative period, as well as 
recognizing and treating complications that do occur. A 
litany of evidence supports the notion that the experi-
ence of the surgeon affects patient outcome as classically 
seen in seasonal variance with new residents every July.9

Birkmeyer and Dimick further note that the struc-
ture includes the volume of cases performed—surgeons 
operating in high-volume centers tend to have lower 
rates of mortality.10,11 Paradoxically, it has been shown 
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that low-volume surgeons operating in high-volume 
hospitals tend to have similar results as high-volume 
surgeons, suggesting that decreased mortality in high-
volume centers speaks more of the institutional man-
agement of patients rather than that provided by the 
individual surgeon.12

1.2.1 Quality of Care

1.2.1.1 Structure of Care

Hospital resources play a large part in determining 
the structure of patient care. This includes the volume 
of nurses caring for a ward, the volume of ICU staff 
on hand to manage acute postoperative issues, and 
resources available for the care of the patient (i.e., inter-
ventional radiology, advanced imaging techniques, etc). 
The relationship between increased nurse staffing and 
decreased surgical mortality has been well-documented 
in the literature.13–17 The same can be said for inadequate 
physician staffing in the ICU.18,19 Beyond sheer staff-
ing, Pronovost et al. showed that infrastructure within 
the ICU plays a large part in reducing mortality in the 
postoperative period.20–22 The act of conducting daily 
rounds with an intensivist, for instance, was found to 
reduce inpatient mortality by a factor of 3. Additionally, 
the frequency of which an ICU is “closed” or without an 
available bed has been associated with increased mor-
tality in patients undergoing unexpected surgeries. As 
such, Birkmeyer and Dimick place increased emphasis 
on the need to focus on the ICU to improve outcomes of 
surgical patients.23

While these measures have been employed to improve 
overall outcome, certain patient factors still influence 
their fate. In a study of Medicare patients, Silber et al. 
found that the rate of postoperative morbidity was most 
related to patient factors, whereas the rate of “failure-to-
rescue” was determined by hospital factors.24 “Failure-
to-rescue,” as described by Silber, is a measure of 

surgical quality defined as death after diagnosis of one 
or more specific complications noted as follows:

• Pressure ulcer
• Deep venous thrombosis
• Pulmonary embolism
• Aspiration
• Central line infection
• Malnutrition
• Postoperative infection
• Postoperative cardiac complications

Birkmeyer and Dimick also noted that failure to man-
age these seminal complications could often cause the 
patient to acquire downstream complications such as 
ventilator-associated pneumonia (VAP), acute respira-
tory distress syndrome (ARDS), and multiple organ dys-
function syndrome (MODS), leading to death. It is thus 
critical to acknowledge factors in the structure of patient 
care that need to be improved to optimize overall patient 
outcome and prevent these types of complications.

1.2.1.2 Process of Care

The process of managing surgical patients provides 
numerous opportunities to improve communication 
and, ultimately, patient outcome. Recent studies have 
described the benefits of using checklists, similar to 
those used in the airline industry, to decrease rates of 
wrong-site surgeries and to improve morbidity and 
mortality overall.25 A study by Haynes et al. employ-
ing intraoperative checklists in eight hospitals in eight 
different cities around the world found that mean mor-
bidity decreased from 11% to 7% and mean mortality 
dropped from 1.5% to 0.8%. Both of these findings were 
statistically significant. Further, they showed that the 
rate of postoperative complications declined in three 

Structure: Surgeon expertise and skill
(e.g., volume, training)

Hospital resources (e.g., nursing care,
ICU staffing, interventional radiology)

Process: Patient selection
and evaluation

Procedure/
intraoperative care

Prevention of
complications

Recognition and
management of
complications

Outcomes: No complications Seminal
complications

Downstream
complications

Death

FIGURE 1.1
Birkmeyer and Dimick’s application of the Donabedian quality-of-care framework to describe patient outcome as a function of the healthcare 
structure and process.
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different centers, ranging from wealthy to poorer coun-
tries, suggesting that perioperative checklists may con-
fer patient benefit in a resource-independent fashion.

Emphasis has also been placed on improving team-
work among surgeons and ancillary staff to optimize 
the process of surgical patient care. McCafferty and Polk 
parallel team-building strategies also used in the avia-
tion sector as applicable to the medical field.26 They note 
that an effective team is one where all members feel free 
to communicate during preflight briefings to acquaint 
everyone with expected tasks and potential challenges. 
Unfortunately, many hospitals have yet to fully opti-
mize teamwork for both surgeons and involved staff 
members. Makary et al. found vast discrepancies in 
opinion when surgeons and staff alike were surveyed 
on their perception of teamwork at their institution.27 
They discovered that while surgeons rated the quality 
of collaboration with other surgeons as “high” or “very 
high” 85% of the time, nurses rated their collaboration 
with surgeons highly only 48% of the time. To improve 
communication, some experts have suggested holding 
preoperative meetings similar to those used in aviation. 
Nundy et al. experimented with the implementation 
of preoperative briefings with the goal of decreasing 
intraoperative delays.28 These meetings, averaging 
2 min, reduced intraoperative delays from 31% to 25%. 
Furthermore, delays due to communication failure 
decreased by 80%, and overall communication fail-
ure dropped by 17%. Other techniques that have been 
embraced to varying degrees include surgical “check 
rides,” where a surgeon is supervised intraoperatively 
by a senior surgeon providing advice as well as time-
outs to diminish instances of wrong-site surgeries.

1.2.2 Patient Characteristics

Despite every precaution taken by the surgeon, patients 
may still develop complications due to inherent char-
acteristics brought to the table by the patients them-
selves. The task for the surgeon then is to screen for 
these characteristics whenever possible and to take the 
appropriate steps in optimizing patients for surgery, or 
to pursue other avenues if surgery is relatively or abso-
lutely contraindicated. Preoperative screening should 
thus assess for any preexisting cardiac, respiratory, 
hepatic, or renal disease, diabetes mellitus, or malnu-
trition and optimize the medical management of these 
conditions prior to surgery.29,30 Recommendations for 
preoperative screening from the ACS, American College 
of Cardiology Foundation (ACC), American Heart 
Association (AHA), and the American Academy of 
Family Physicians (AAFP) are summarized in Table 1.1.

Tools have also been developed to help surgeons 
predict perioperative risk and hence counsel patients 
about their actual perioperative risks prior to surgery. 

Aust et al. utilized the Veterans Affairs National Surgical 
Quality Improvement Program (NSQIP) database to esti-
mate the perioperative risk of mortality.31 With this calcu-
lator, patients can be appropriately counseled regarding 
the likelihood of perioperative mortality after surgery. 
In particular, those patients with significant underly-
ing comorbidities that have already been optimized can 
be counseled about predicted operative mortality that 
is procedure specific. Tools such as this permit truly 
informed consent and allow for input from the patients 
themselves in a patient-centric fashion. If a patient or fam-
ily is told that they have a 75% likelihood of dying from 
surgery, for example, they may very well forego the pain 
and suffering involved. This calculator thus provides a 
tool the surgeon can use to potentially avoid high-risk 
and/or futile surgery, which is often at the compulsion of 
inadequately informed patients and/or family.

1.3 How to Measure Variability

Numerous mechanisms have evolved to measure vari-
ability. The first and certainly most noteworthy is the 
measurement of variance through systematic assess-
ment of surgical quality. The only program developed by 
surgeons to do so as of this writing is NSQIP. This pro-
gram originated in the Veterans’ Administration Health 
System under the auspices of Shukri Khuri and was the 
first validated outcomes-based program to evaluate sur-
gical quality among providers.32 The program was later 
validated in non-VA hospitals and has been shown to 
remain valid in private sector hospitals too.33 NSQIP con-
tains a complex risk stratification system, which allows 
patient comorbidities to be accounted for when compar-
ing outcomes. Such a comparative assessment of quality 
between various services and between hospitals permits 
identification of outliers of morbidity and mortality, both 
at the service and facility levels. Hospitals are categorized 
quarterly as performing below, at, or above the mean 
compared to similar participating institutions, and real-
ization of these data has been shown to improve surgical 
outcomes.34 However, participation in this program costs 
nearly $100,000 annually. In addition to the up-front cost 
to participate, hospitals must devote experienced clini-
cal personnel, typically a nurse, to run the program full 
time and gather data through chart review. Nevertheless, 
Dimick et al. were able to demonstrate that the program 
can soon pay for itself in short order through improved 
patient outcomes and shorter lengths of hospital stay.35

Within a short period after adoption of NSQIP in the 
VA system, Khuri et al. were able to demonstrate a 40% 
decline in morbidity rates.36 Since the widespread adop-
tion of NSQIP, Henderson et al. have critically evaluated 
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the design and statistical methodology of the program.37 
Unfortunately, NSQIP does not assess quality at the 
level of the individual surgeon, although factors deter-
mining surgical quality are often due to systems and 
teams of care. Nonetheless, NSQIP follows patients for 
30 days from the date of surgery to evaluate for more 
than 20 different postoperative complications. In addi-
tion, reoperations as well as readmissions and lengths 
of stay are also captured in NSQIP. Hall et al. evaluated 
118 NSQIP hospitals and showed that each hospital pre-
vents 250–500 complications per year from participation 
in the program.38 Additionally, 82% of participating hos-
pitals had improvement in morbidity levels, while 66% 
experienced improvement in mortality levels. Sustained 
improvement in performance is shared within NSQIP 
for widespread dissemination to other facilities.

Fundamentally the program has shown that the asso-
ciation between complications and overall mortality 
tends to disappear when risk adjustment occurs. When 

risk stratification occurs, postoperative complications 
become more closely associated with patient factors 
rather than quality of care. Decreased variability may 
also be due to the fact that more monitoring occurs now 
after the implementation of NSQIP (i.e., Hawthorne 
effect). Currently, NSQIP remains the only surgeon-
developed mechanism of quality assessment and mech-
anism for measuring and minimizing variability.

Another means of measuring variability is by rank-
ing hospitals based on surgical mortality. Dimick 
et al. were able to show that adjusting hospital mor-
tality for reliability through the use of the Bayes tech-
nique reduced apparent variation across mortality from 
CABG, abdominal aortic aneurysm (AAA) repair, and 
pancreatic resection.39 They were also able to show that 
(1) reliability-adjusted mortality better forecasts future 
performance and (2) it is essential to adjust for statisti-
cal reliability when sample sizes are small. When eval-
uating variance in small sample sizes, it is difficult to 

TABLE 1.1

Recommendations for Preoperative Screening

Indication Recommendations

Healthy patient

≤40 years old Hemoglobin, urinalysis for pregnancy in women of childbearing age
>40 years old Hemoglobin, urinalysis for pregnancy in women of childbearing age, ECG, 

blood glucose if age ≥45 years or history of diabetes
Cardiovascular disease ECG, CXR, hemoglobin, electrolytes, BUN, creatinine, glucose if age ≥45 years or 

history of diabetes
MI within 6 weeks, unstable angina, decompensated 
CHF, significant arrhythmia, severe valvular disease

Stress test, cardiology consultation, intraoperative ECG monitoring

Previous MI (>6 weeks ago), mild stable angina, 
compensated CHF, diabetes mellitus

Stress test if procedure high risk or patient has low functional capacity, consider 
assessing left ventricular function by echocardiogram

Rhythm other than normal sinus, abnormal ECG, 
history of stroke, age >70, low functional capacity

Stress test if procedure high risk or patient has low functional capacity

Pulmonary disease CXR, hemoglobin, blood glucose if age ≥45 years, ECG if age >40 years, provide 
patient with instructions for incentive spirometry or deep-breathing exercises

Asthma Pulmonary function testing or peak flow rate to assess status of disease
COPD Consider pulmonary function testing and arterial blood gas to assess severity of 

disease
Cough Determine etiology
Dyspnea Determine etiology
Smoking Counsel patient to cease smoking 4–8 weeks before procedure
Obesity Provide patient with instructions for incentive spirometry or deep-breathing 

exercises
Abdominal or thoracic surgery Provide patient with instructions for incentive spirometry or deep-breathing 

exercises
Hepatic disease Elective surgery contraindicated in patients with Child–Pugh class C or 

MELD score >15
Renal disease BUN, serum creatinine, urinalysis if UTI suspected, creatinine clearance, FeNa, 

ECG, and serum potassium for patient on dialysis
Malnutrition Consider postponing surgery if serum albumin <3.2 g/dL or lymphocyte count 

<3000 per μL

Note: ECG, electrocardiogram; CXR, chest radiograph; BUN, blood urea nitrogen; MI, myocardial infarction; CHF, congestive heart failure; 
COPD, chronic obstructive pulmonary disease; MELD, model for end-stage liver disease; UTI, urinary tract infection; FeNa, fractional 
excretion of sodium.
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determine if variation is due to chance (good or bad 
luck) or due to true differences in quality. The Bayes 
technique reveals just how difficult it is to distinguish 
true variance in outcome as surveillance inherently 
causes improvement in outcome. Unfortunately, neither 
morbidity nor mortality has changed much through the 
institution of the Surgical Care Improvement Project 
(SCIP), which originated from this concept. It can there-
fore be surmised that evidence-based medicine must be 
the foundation of surgical care, as without it, disparities 
in quality rapidly arise while reimbursement falls off.

1.4 Strategies to Reduce Variability

1.4.1 Process Compliance in Perioperative Care

Steps have been taken by providers, policymakers, and 
even insurers to reduce variation in surgical outcomes. 
Several measures taken to institute national protocols 
for effective patient management have reported success 
in reducing this variation.

1.4.1.1 Leapfrog Group

Based on the concept of improvement through trans-
parency, the Leapfrog Group is one of several organi-
zations seeking to both improve health institutions and 
enable patients to make informed decisions when select-
ing a healthcare provider and/or facility.40 Launched in 
2000, the Leapfrog Group now reports on the quality of 
over 1300 hospitals nationwide, offering incentives and 
rewards to the best performing centers. Performance 
is measured by the Leapfrog Hospital Survey, which 
is updated monthly. Endorsed by the National Quality 
Forum (NQF), this survey has been shown to reduce the 
occurrence of preventable medical mistakes by assess-
ing hospital performance. A study by Brooke et al. 
noted that compliance with Leapfrog-sponsored NQF 
safety practices was associated with increased detection 
of deep venous thrombi (DVT), surgical site infections 
(SSI), and postoperative cardiac events following six 
high-risk procedures.41 They further noted that compli-
ance decreased the likelihood of failure-to-rescue fol-
lowing diagnosis of SSI and even decreased the odds of 
mortality at 30 days postoperation.

1.4.1.2 Pay for Performance

Akin to the business world, the concept of tying pay to 
results or outcomes has begun to permeate into medi-
cine. As one of the earliest models, the Leapfrog Group 
licenses a Leapfrog Hospital Recognition Program to 
insurance providers as a pay-for-performance program. 

The function of this program is to incentivize partici-
pating hospitals to maintain transparency and continue 
to further improve according to the Leapfrog stan-
dards. With the federal government rolling out pay-for-
performance to all hospitals participating in Medicare in 
October 2012, this method of quality improvement has 
already come under due scrutiny. Pay-for-performance 
has noted varying degrees of success to date. Rosenthal 
et al. noted that incentive payments made through 
pay-for-performance seemed to be most effective in 
improving process compliance among mostly poor per-
formers.42 Recent data published by Sutton et al. found 
that pay-for-performance instituted in hospitals in the 
United Kingdom achieved reductions in mortality of 
statistical significance from pneumonia and of clinical 
significance from acute myocardial infarction and heart 
failure.43 Similar studies in the United States looking 
only at Medicare patients, however, have been less opti-
mistic.44 Epstein noted in a recent editorial in the New 
England Journal of Medicine that key differences exist 
between American attempts with pay-for-performance 
and the success Sutton noted in England. He found that 
bonuses paid to the best performers were not only larger 
but also paid out to a greater proportion of participants. 
Participating English hospitals were also evaluated for 
the care rendered to all patients, not just those covered 
by Medicare as done in the analogous American stud-
ies. Perhaps most importantly, English hospitals agreed 
to invest awarded funds internally to take further steps 
to improve clinical care by hiring specialist nurses, 
instituting new data-collection systems linking perfor-
mance feedback to clinical personnel, and participat-
ing in regular shared-learning events. Until American 
institutions are able to fully embrace such a unilateral 
approach to pay-for-performance, similar lackluster 
findings may continue.

1.4.1.3 SCIP and Surgical Site Infection Prevention

One of the national protocols supported by most pay-
for-performance programs includes SCIP. Launched in 
2006 by CMS and the Center for Disease Control and 
Prevention (CDC) as an improvement on the NQF, SCIP 
aimed to decrease the rate of postoperative complications 
by 25% by 2010 through 10 policies, noted in Table 1.2.45 
Compliance with SCIP has now become a nationally 
acknowledged measure for surgical quality. Initial stud-
ies found that SCIP effectively decreased the rate of SSIs 
by as much as 27%.46 In fact, one multicenter study of 
400,000 patients found that lower rates of SSIs could be 
noted upon compliance with at least 2 of the 10 SCIP poli-
cies.47 More recent studies have been less positive, sug-
gesting that the task of monitoring SSIs itself may have 
more to do with their decrease than SCIP. Hawn et al. 
found from a survey of the National Veterans Affairs’ 
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data that SSI rates after risk adjustment remained stable 
over the course of their 4-year study.48 Barie also noted in 
his editorial to Surgical Infections that “baseline infection 
rates may have increased due to improved reporting,” 
making it difficult to detect any true improvement.49 
Some argue that the recently noted shortcomings of SCIP 
could be blamed for its inability to account for increasing 
resistance of surgical pathogens to traditional antibiot-
ics.50 Edmiston et al. elaborated on several modifications 
to SCIP, suggesting instead a “SCIP-Plus” protocol with 
five additional policies to more effectively decrease the 
risk of SSIs, as shown in the following:

• Preadmission antiseptic shower with 4% 
chlorhexidine gluconate (CHG).

• Perioperative skin antisepsis with povidine 
iodide or 2% CHG.

• Use antimicrobial-coated devices wherever 
available.

• Preoperative surveillance for antibiotic-resistant 
Staphylococcus aureus.

• Routine intraoperative glove changes on a 2 h 
cycle to avoid contamination by microperforation.

To date, SCIP remains the mainstay metric used to 
assess surgical quality across healthcare providers. 

However, modifications and additions to the vari-
ous measures mentioned earlier must occur in time to 
appropriately deal with the growing resistance to antibi-
otics. In practicing evidence-based medicine, it becomes 
essential to consistently update national protocols to 
remain on the cutting edge of the standard of care and 
maximize quality. In doing so, the structure and pro-
cess through which patient care is administered can 
continuously be optimized to produce the best patient 
outcomes. Good science informs good management.
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2.1 Introduction

On May 16, 1769, at the commencement ceremony for 
the first graduating class of King’s College of Medicine, 
George Washington’s private physician, Dr. Samuel 
Bard, offered these thoughts to the first physicians edu-
cated in the New World: “It is to you, gentlemen, who 
are candidates for these medical degrees that I endeavor 
to explain the weighty duties of your chosen profession. 
Your labors must have no end for no less than life, and its 
greatest blessing of health, are the objects of your atten-
tion. As you have embraced this profession of profound 
responsibilities, you are accountable even for your mis-
steps and errors. For no weeping family will receive 
consolation that you rashly trampled with the lives 
and safety of your fellow creatures and they have been 
robbed of life, not by the malignancy of their disease but 
by the ignorance or error of his physician.”1 Over these 
many years, everything has changed in medicine and 
surgery, except this philosophy.

The important issues of errors and adverse outcomes 
in patient care have received attention in recent years 
as healthcare professionals become more focused on 
patient safety. Patient safety is defined as the risks 
patients face, not from the “malignancy of their dis-
ease” or the severity of their injuries, but from the 
healthcare system itself. Although the exact number 
of errors in patient management remains difficult to 

quantify, the fact that errors in patient care occur and 
that some patients are seriously or fatally harmed by 
these mistakes is no longer in dispute.2 Most studies 
of healthcare systems document an incidence of errors 
occurring in 3.5%–10% of hospitalized patients.3,4 In a 
2008 review of in-hospital errors, Healthcare Grades 
cites a 5.5% incidence of errors in surgical patients of 
which 29.1% resulted in fatalities.5

This indicates that there is an approximate fatal-
ity rate of 1% in the group of all hospitalized surgical 
patients due to avoidable adverse events. An equally 
important but not fatal category of error is wrong-site 
surgery. This type of adverse event accounts for 13.4% 
of sentinel events in the most recent statistics from the 
Joint Commission. These errors are preventable adverse 
outcomes.6

2.2 Errors in Trauma and Elective Surgery

There is a higher incidence of errors that occurs in 
surgical patients than in general medical patients, 
as there are more opportunities for errors with the 
multiple steps of surgical care. This is partly explained 
by the higher number of treatment events surgical 
patients undergo during and after an operation and the 
increased complexity of the tasks that surgeons perform.7 
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Furthermore, the incidence of errors increases with the 
complexity of the surgical procedures. In a recent study 
of errors in neurosurgical procedures, of 1108 elective 
neurosurgical operations reported over a 6-year period, 
87% of patients incurred at least one error, 23% of the 
errors were major, and 79% were deemed preventable.8

In trauma patients, the rate of deaths due to error is 
two to four times higher than deaths due to errors in the 
general hospital population, and these incidents require 
special attention from surgeons.9 This incremental risk 
is partly accounted for by time compression and acute 
physiological instability of trauma victims. Preventable 
deaths in Level I trauma centers due to human and sys-
tem errors account for up to 10% of fatalities in patients 
with otherwise survivable injuries.10–12 These unintended 
deaths equate to as many as 15,000 lost lives per year in 
the United States or two deaths every hour of the day.13

In trauma care, the three highest risk locations for 
occurrence of errors have been identified as the oper-
ating room,14 the emergency department,15,16 and inten-
sive care units.17 Furthermore, the situations that are 
most conducive to producing errors are the very envi-
ronments in which trauma victims present, unstable 
patients, fatigued operators, incomplete histories, 
time-critical decisions, concurrent tasks, involvement 
of many disciplines, complex teams, transportation of 
unstable patients, and multiple hand-offs of patient 
management. These factors combine to create a “perfect 
storm” for medical errors.

Errors during treatment occur during all phases of care 
of the trauma patients: resuscitation phase, operative 
phase, and critical care phase. In a retrospective obser-
vational study of errors causing morbidity and mortal-
ity, Davis reports on 1295 trauma deaths at a Level I 
center in which he documented 1032 significant patient 
errors that were judged avoidable by two indepen dent 
reviewers.18 These errors contributed to 76 (5.6%) pre-
ventable or potentially preventable deaths. Of these 
fatal errors, 36% occurred in the resuscitative phase, 
14% in the operative phase, and 50% in the critical care 
phase. Gruen studied avoidable deaths and identified 
64 (2.5%) of 2594 deaths due to error at a Level I trauma 
center.11 These incidents were also analyzed by phase 
of trauma management, showing a similar distribution 
of fatal patient errors. They documented that 34% of 
errors occurred in the ED (20% during initial assess-
ment and resuscitation, 14% during the secondary sur-
vey and diagnostic tests), 8% during stabilization and 
interhospital transport, 11% during initial interventions 
(surgery and/or angiography), and 37% during the 
intensive care phase.

Elective surgery also carries risks to patients for 
adverse outcomes. Each of the complex phases of surgi-
cal management (Table 2.1) introduces unique risks for 
errors with slightly different etiologies. In a recent review, 

Krizek identified surgical errors and adverse events in 
480 (45.8%) of 1047 patients. There were a total of 2138 
incidents that included 164 (7.5%) diagnostic errors (of 
which 5.2% were judged to be serious), 230 (10.5%) errors 
that occurred during the surgical procedure (17.9% seri-
ous), and 693 (29.3%) that occurred during monitoring 
and daily care (17.1% serious).19 The root causes of these 
errors involve a combination of surgical competency, 
technical skill, team performance, communication, and 
decision-making.20

2.3 Human Error and Surgical Decisions

Although the nature of errors differs slightly in trauma 
and elective surgery, with both, incidents can occur on a 
system or an individual level. There are numerous rea-
sons why adverse events occur, and in order to under-
stand the nature of these errors it is important to study 
their origins on both of these levels. A useful construct 
of the individual human components of error in surgery 
is based on Rasmussen’s “Skill, Knowledge & Rule” 
error model.21 The skill component refers to actions that 
are automatic and are carried out based on stored pat-
terns of preprogrammed sets of actions. These skills can 
be acquired with repetitive training and practice which 
are the basic functions of surgical residency programs. 
Failure to execute these skills correctly will invariably 
lead to procedural complications. Knowledge, another 
key element of residency training programs, is key to 
the surgical specialty, and failures on this level refer 
to either a lack of information or the inability to recall 
and access stored knowledge during surgical decision-
making. The rule component references tasks that are 
completed using stored sets of conventions. These rules 
consist of familiar, rehearsed algorithms such as steps of 
a procedure or ATLS22 management of injured patients. 
Failure to utilize these rule patterns correctly, or using 
the wrong rule pattern, leads to both procedural and 
cognitive errors.

In all three levels of this model, the main principle is 
to avoid management errors, and the surgeon needs to 

TABLE 2.1

Phases of Surgical Care at Risk for Errors

1 Initial assessment and diagnosis of surgical disease
2 Patient selection for surgery
3 Timing and plan of surgical intervention
4 Immediate preoperative care
5 Technical aspects of surgical procedure
6 Postoperative care
7 Discharge and medication reconciliation
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make correct decisions and choose the correct “rules” 
during each critical phase of surgical care. The more 
urgent the decision and rushed the decision process, 
the more opportunity for error is introduced. Decision-
making skills are central to all human intellectual activ-
ities and are among the most important nontechnical 
skills (NTSs) surgical trainees need to learn and sur-
geons need to master. It is not an exaggeration to sug-
gest that decision-making is nearly synonymous with 
thinking.23 Understanding how we process information 
and arrive at critical decisions, especially under time 
constraints, fatigue, and stress, crucial to making the 
right decisions when there is no room for error.24

Although our surgical training programs focus on 
acquiring knowledge and technical skills, decision-
making skills are more difficult to teach and assess.25 
As the Rasmussen model indicates, decision-
making skills need to be emphasized in order to 
enhance patient safety in surgery. Reviews of surgi-
cal complications show that 47%–80% of incidents 
are based on faulty decision-making capabilities.18 
Teaching decision- making skills with simulations, 
repetitive task rehearsals, and didactic lessons have 
been shown to enhance outcomes in the emergency 
room25 and anesthetic care in the operating room.26

Making correct decisions while carrying out tasks 
that use rule-based cognitive mechanisms requires a 
greater degree of thought than rote, skill-based tasks. If 
confronted with an unfamiliar task, a surgeon requires 
a high degree of conscious thought in attempts to devise 
a novel solution or find an analogous scenario to a situ-
ation that has not been previously encountered. Any 
error in this process, if made during the surgical proce-
dure, can lead to disastrous outcomes. A scenario in the 
operating room, the “pause phenomena,” occurs when 
a surgeon transitions from an automatic mode during 
a time when the procedure is routine to a more effort-
ful, attentive mode when confronted with a novel or 
complex surgical predicament. Accurate decisions dur-
ing these times depend upon unimpeded concentration 
by the surgeon, and reducing errors requires curtailing 
distractions, such as extraneous operating room conver-
sation, so as to achieve successful management.27

2.4 System-Level Errors

System errors can be understood with the well-known 
“Swiss cheese” analogy, coined by Reason.28 This model 
postulates that multiple levels of protection from pos-
sible error exist within the system ranging from organi-
zation, supervisory, and preconditions for error, which 
represent “shields” against adverse occurrences. The 

final shield from error in this model is the individual, 
who represents not only the last option to catch and pre-
vent a system-based error, but also a possible source of 
errors as described in the previous section. Weaknesses, 
or holes, in any of these “shields” represent either fail-
ures of the broad system to catch potential errors or 
actual fostering of errors by setting up preconditions 
where errors are likely to occur. By definition, any error 
that falls through holes in the system to the final level 
of the individual represents a failure of the system. Any 
event that originates at the individual level results from 
a cognitive or decision-making error on the part of the 
individual, and, importantly, has no additional barrier 
to catch these errors. This makes the individual the last 
chance to catch system errors and the only member of 
the system with no safety barrier beyond him or her to 
check his or her actions and catch a potential mistake. 
The last barrier, individual performance, is particularly 
important as it represents these two critical issues in 
patient safety.

It is apparent from these models of individual and 
system error that surgical care is a high-risk and labor-
intensive profession. With this significant degree of 
complexity, adverse events and errors are inordinately 
intricate matters involving many levels of system and 
individual performance, all of which are intertwined 
in a complicated organization. Patient safety in sur-
gery is, to a large extent, dependent on detailed inter-
nal systems working smoothly and efficiently together. 
Systems with this level of complexity require sophis-
ticated design elements to prevent the multiplication 
of error or generation of errors within themselves.29 A 
breakdown of individual or system function at any of 
these levels at best fails to catch errors, and at worst is 
the cause of these errors.

2.5 Conditions That Lead to Errors

In order to prevent errors and adverse outcomes, it is 
necessary to understand and anticipate the conditions 
that lead to errors.30 There are known sets of conditions 
that, when understood, give surgeons advanced warn-
ing to be on guard against possible error.31 These sets 
of circumstances are known as “error-producing condi-
tions” and link traditional system analysis of errors with 
advanced human factor analysis of individual perfor-
mance. The top error-producing conditions described 
in incident and accident investigations that are most 
important in surgical care are found in Table 2.2.

The most important condition that leads to error is 
fatigue, and this is well-documented in a study of pedi-
atric intensive care units. The day-time mortality rate of 
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a cohort of 20,547 children admitted to 15 pediatric ICUs 
compared to night-time admission revealed that night 
admission carries an incremental risk of death from 
1.1 to 4.5.32 The associated physiological degradation of 
skills and judgment that accompanies fatigue requires 
no further emphasis than to extrapolate Dawson’s often-
cited laboratory study to the fatigued surgeon who per-
forms with the same aptitude as a person who is legally 
drunk.33 Fatigue acts as a force multiplier on both indi-
viduals and teams, exaggerating small missteps and 
making it much more difficult to catch misperceptions 
and fosters errors in communications and information 
exchange.34

The human brain goes into “sleep mode” as cortisol 
levels fall and melatonin levels rise, and the negative 
impact of fatigue in surgery has been documented in 
a retrospective cohort study of general and vascular 
surgical procedures. Operative cases starting at night 
demonstrated a strong effect on morbidity, and surgical 
start-time was the independent variable on mortality.35 
Data from this outcome study can be superimposed on 
data from studies of human cortisol36 and melatonin37 

levels to derive a graphic depiction of surgical mortality 
versus surgeon circadian rhythm. Figure 2.1 shows this 
important relationship between human circadian phys-
iology and surgical outcomes. Numerous studies can 
be found in the literature demonstrating diminished 
physician performance during periods of fatigue.38 The 
relationship between diurnal variation of circadian 
physiology and surgical mortality should be respected 
during late-night emergency surgery by every surgeon 
and surgical team. This is a condition that requires 
extra attention and cooperation between the surgeon 
and team members to oversee each others’ actions and 
guard against errors.

Faulty risk perception is another factor that contrib-
utes to adverse surgical outcome. The surgeon must 
guard against a failure to understand the extent of a 
patient’s injuries or the risks a patient faces from under-
lying illness and concurrent diseases. The impact of 
chronic illnesses such as heart or renal dysfunction 
must be accounted for in order to develop an appropri-
ate operative plan. Studies of emergency and trauma 
surgery show that errors of faulty risk stratification are 
frequent causes of death in patients with otherwise sur-
vivable conditions.2–4,13,15

Surgeons must also be aware of a type of error known 
as “plan continuation bias”, which represents the 
unconscious human bias to pursue a course of action, 
a treatment plan, or procedure in spite of changing 
conditions. This is an extension of a failure to properly 
assess underlying risks and compounds those mis-
takes by continuing through “one-way decision gates” 
that prevent reassessment of assumptions and condi-
tions. Surgeons are goal-directed and oriented toward 
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TABLE 2.2

Error-Producing Conditions

1 Fatigue/physiological degradation
2 Faulty risk perception and stratification
3 High-risk/low-frequency event
4 Time pressure
5 Inadequate standardization
6 Poor information transfer
7 “One-way decision gates” and plan continuation
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completing a course of action, and the inability to rec-
ognize a point where modifications and/or changes in 
direction are needed leads to adverse events. This type 
of task fixation can be exacerbated by stress, fatigue, and 
time compression.39

Another condition that can contribute to adverse out-
comes is frequent shift changes and duty hour limita-
tions. Frequent handovers between care providers can 
lead to loss of the continuity of care and poor commu-
nication of critical patient care information.40 Multiple 
studies have found that the odds of adverse events could 
decrease from an odds ratio of 5.2 to an odds ratio of 1.5 
with standardization of communication and complete 
and timely handoffs of patient care.41

Errors occur in all aspects of surgical management 
where the relationships between human and system 
factors are so crucial. For surgeons to mitigate and man-
age errors, it is important to understand various sets of 
conditions that make error more likely, and with this 
information fully anticipate the chances of an error. 
The next step is using this information to change the 
conditions that induce error, determine behaviors that 
prevent or mitigate error, and train personnel in use of 
error avoidance tools.19

2.6 Types of Errors

The nature of surgical errors can best be characterized 
utilizing the Joint Commission standard nomenclature 
for the taxonomy of adverse outcomes. This framework 
has been adopted from Chang and categorizes errors 
into several root nodes42:

 1. Impact—the outcome or effects of medical error 
and system failures on the patient, commonly 
referred to as the degree of harm to the patient, 
with the greatest degree of harm being patient 
death.

 2. Type—the implied or visible processes that 
were faulty or failed. These types of errors 
include errors in diagnosis, operative or proce-
dure management and treatment, prophylaxis, 
equipment failures, communication break-
downs, and errors in patient transfer.

 3. Domain—the characteristics of the setting in 
which an incident occurred and the type of 
individuals involved. The setting includes ini-
tial assessment and resuscitation, secondary 
survey and testing areas, interhospital trans-
fers, initial interventions such as angiography 
and CT scanning, ICU, general inpatient ward, 
and rehabilitation.

 4. Cause—the factors and agents that led to an 
incident usually attributed to what the person 
who erred understood or thought at the time of 
the occurrence. Causal errors can be subdivided 
into three major divisions. The first division 
includes errors of perception where an incor-
rect intention is based on incorrect data input 
and the wrong action is performed. The second 
division encompasses errors of intention where 
the input data are correctly perceived, but an 
incorrect intention is formed, and the wrong 
action is performed. The third division includes 
execution error where the input data are cor-
rectly perceived and the correct intention is 
formed, but the wrong action is performed, that 
is, the action is not what was intended.

The most common error types (node 2) and domain 
(node 3) contributing to avoidable deaths in surgery fall 
into three major categories: (1) diagnosis, (2) treatment, 
and (3) prevention. In Gruen’s analysis, 61% of fatal 
errors were errors of treatment, 20% were errors in pro-
phylaxis and prevention, 13% were errors in diagnosis, 
5% errors in transport and transfer, and 1% were associ-
ated with equipment failures.11 Failures in airway man-
agement, missed injuries, and inadequate recognition or 
control of hemorrhage account for the majority of errors 
in the treatment node. These authors identified 16% of 
preventable deaths were due to failure of airway man-
agement and 28% due to failure to identify or control 
hemorrhage. Ivatury documents a similar distribution 
of event types in his study of fatal errors: 16% failure 
of airway management, 14.5% errors in diagnosis, 11.8% 
missed diagnosis, and 42.1% errors in critical care man-
agement.10 Houshian identified 8.1% of patients in his 
Level I trauma center that had suffered an injury that 
was missed during the primary and secondary survey.43

2.7 Preventing and Mitigating Errors

There are proven safety models that can be adapted to 
patient safety that have been thoroughly researched and 
utilized by “High Reliability Organizations” (HROs). 
These organizations are characterized as high-risk, 
error-intolerant systems that are capable of repetitively 
carrying out potentially dangerous tasks with virtually 
no occurrence of adverse outcomes. Commercial avia-
tion serves as the primary example of the HRO safety 
model as evidenced by Federal Aviation Authority 
statistics, indicating that the risk of a major commer-
cial carrier accident ranges from 0.00 to 0.218/1,000,000 
flight hours.44 Compared to statistics quoted earlier in 
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this chapter that show a 1% risk of fatal surgical error, 
an individual must fly 24 h/day every day for 570 years 
before standing a 1% chance of being involved in a fatal 
commercial aviation accident.

This safety record is based, in part, on a thorough com-
prehension of the mechanisms of errors gleaned from col-
lecting incident and error reports. In aviation, as in other 
HROs, avoiding error has become a compulsion and a 
cultural norm. Collected data on pertinent adverse events 
along with detailed analysis of these data and near-miss 
case studies have generated a body of knowledge known 
as high reliability theory that defines a number of organiza-
tional features known to reduce the risk and error haz-
ards.45,46 This profound understanding of error threats is 
derived from HRO system-wide culture and use of criti-
cal incident reporting (CIR) programs. The largest critical 
incident database is maintained by NASA for the FAA 
known as the aviation safety reporting system (ASRS).

HROs manage risks by being completely consumed 
with understanding and anticipating all possible 
chances for errors and thereby trapping small missteps 
before major adverse events have a chance of taking 
place. The critical importance of this concept of error 
trapping and recovery from minor adverse events has 
been demonstrated in numerous HRO safety models.47 
An important difference between health care and HROs 
systems exists. HROs are engineered with the expecta-
tion that individuals can and will make mistakes and 
that the system itself, unless properly configured, can 
fail to catch these mistakes. Healthcare professionals 
are expected not to make mistakes. A system to catch 
human and system error when it does occur has not been 
vigorously adopted by our medical system. In order to 
bring these principles into health care and use them to 
enhance patient safety, three tasks need to be empha-
sized: designing a system to prevent errors, designing 
procedures to make errors visible when they do occur 
so that they may be intercepted, and designing methods 
for minimizing the impact of adverse events when they 
are not detected or intercepted.48

In healthcare, there are obvious barriers to report-
ing errors and untoward outcomes, and many factors 
contribute to this reluctance.49 One method that has 
improved reporting is by broadening the targets of 
incident reporting to include no harm events and near 
misses and ease the disincentive to reporting actual 
adverse outcomes. This has been shown to increase 
reporting by 3–300-fold.50 Inclusion of these types of 
minor incidents and near incidents offers other advan-
tages such as increasing the databases to allow more 
accurate quantitative analysis, lowering the reporting 
barrier, allowing recovery strategies to be included 
and used to generate proactive avoidance schemes, and 
reducing hindsight bias.51 CIR systems in healthcare 
must be totally anonymous and nonpunitive.52

Healthcare incident reporting systems collect only 
1.5%–10% of actual adverse events.44 Encouraging use of 
CIR systems is gaining momentum in several specialties 
such as anesthesia,53 emergency medicine,54 and critical 
care.55 Further progress has been made by The National 
Patient Safety Foundation that has commissioned the 
development and implementation of an Internet-based 
CIR system for use in critical care environments.56 The 
findings from incident reporting systems must be used 
to close gaps in organizational and individual perfor-
mances as well as examining policies and procedures 
that might be improved or done differently.43

2.8  Simulation and Nontechnical 
Skill Training

Simulation has been recognized by HROs as one of the 
essential safety tools to rehearse and train for error rec-
ognition and recovery as well as to enhance and practice 
safety skills. For decades, simulators have been used in 
the aviation industry and by the military and nuclear 
power plant operators for training and assessment of 
performance with excellent results.57 Similarly, simula-
tion and role-playing allow surgical teams to replicate 
the task environments and stresses of the operating 
room environment with no risk of adverse outcomes. 
Errors can be allowed to occur and their outcomes stud-
ied by replaying video recordings of the simulations 
that are used, so that participants can see the conse-
quences of their decisions. Presentations of uncommon 
but critical scenarios that require immediate recogni-
tion and attention can be programmed into the simu-
lator and practiced for both pattern recognition and 
technical management skills.58 Much of the guidance 
for simulation scenarios is based on studying informa-
tion captured by Critical Information Report systems,59 
the value of which is described in the previous section.

Simulation is also being used in many centers to train 
in cognitive and team functions in order to avoid errors.60 
Simulation as a method of training in specific trauma 
skills has been adopted for use in the Advanced Trauma 
Life Support (American College of Surgeons) and 
Advanced Trauma Operative Management61 courses. 
Simulation has been shown to improve technical sur-
gical skills in other specialties in randomized control 
studies.62 With regard to surgical team training, studies 
demonstrate a significant improvement in scored and 
timed trauma team resuscitation outcomes after simu-
lation practice sessions for multiple injured models.63 
The value of team building and team skills training 
with the use of simulation in pediatric trauma resusci-
tation has found a similar significant improvement in 
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multidisciplinary team function and successful injury 
recognition and resuscitation.64

HROs have also pioneered safety through simula-
tion and didactic training in NTSs. NTSs are defined 
as cognitive, social, and personal resource skills that 
complement and enhance technical skills and as such 
contribute to safe and efficient task performance.60 NTSs 
focus as much on individual interpersonal skills as on 
team dynamics, since it is the individual that is the basic 
building block from which teams and larger organi-
zational groupings are formed.65 Reader studied NTSs 
from analysis of ICU CIRs looking for nontechnical 
contributing factors to error.66 From this, taxonomy of 
categories labeled “ANTS” (anesthesiologists’ nontech-
nical skills) was used to retrospectively analyze studies 
of 2677 CIRs. They documented 5610 total contributory 
factors, of which 50% could be attributed to some form 
of NTS deficit. Their taxonomy of NTSs closely matches 
those that have become the foundation of HRO safety 
(Table 2.3).

These skills are interrelated and revolve around the 
central axis of teamwork and communication. Training 
in these skills acknowledges that surgical team compo-
sition is rarely fixed due to shift and rotation patterns 
and other organizational constraints. The flux of team 
composition mandates that each team member carry 
with him or her skills that apply regardless of the team 
makeup at any given period:

 1. Situational awareness (SA) is simply the big pic-
ture; it is “the accurate perception of what is 
going on with you, your patient, your team 
members and the surrounding environment 
5 minutes ago, now, and 5 minutes from now.”67 
Building SA requires developing and maintain-
ing an overall dynamic and temporal aware-
ness of the clinical entirety based on perceiving 
all elements in the environment, understanding 
their interrelationship and implications of each, 
and using this understanding to think ahead, 
to predict, and anticipate the most likely even-
tualities. Prioritizing information and actions 
are important aspects of situational awareness. 
Making accurate and timely decisions and 

predicting how a situation will evolve allow 
surgeons and their team to see the clinical “big 
picture” and to be ready for any unexpected 
events. Although building and maintaining SA 
is largely an individual skill, it requires team 
participation in that team members must com-
bine all of their perceptions and experiences in 
order to form a correct “big clinical picture.” 
This must be shared through accurate and 
timely communication with the team, allowing 
all team members to modify and reassess their 
clinical impressions as moment to moment situ-
ations change.68

 2. Crew resource management (CRM) is an educa-
tional program that has evolved over three 
decades of HRO safety studies. It is focused 
on teamwork concepts, increased knowledge 
of teamwork principles, and improved team-
work performance.69 CRM encompasses skills 
such as clearly defining team roles and duties, 
managing distractions, prioritizing tasks, and 
avoiding task overload, all of which are integral 
components of a well-functioning trauma team.

  The by-products of CRM skills are individ-
ual and team situational awareness, judgment, 
safety, resource preservation, and competi-
tive advantage. This important set of skills has 
been emphasized in the medical literature also 
to optimize and manage workload and task 
assignments, clinical task planning, and review 
and critique strategies.70 Skills such as prepro-
cedure briefs and “time-outs” and postproce-
dure debriefs are critical safety skills and are 
indispensible elements of communication in the 
operating room.71,72

 3. Decision-making skills are central to all human 
intellectual activities and among the most 
important NTSs healthcare trainees need to 
master.73 Understanding how we process infor-
mation and arrive at critical decisions, especially 
under time constraints, fatigue, and stress, are 
crucial to making the right decisions when there 
is no room for error.74 Incident data indicates that 
47%–80% of accidents are based on faulty deci-
sion-making capabilities.18 Teaching decision-
making skills with simulations, repetitive task 
rehearsals, and didactic lessons has been shown 
to enhance outcomes in the emergency room75 
and anesthetic care in the operating room.76

 4. Effective communication is crucial to mitigating 
error. Communication is the glue that holds 
teams together. The Joint Commission (2003) 
statistics have identified that 67% of the root 
cause of sentinel events are the result of errors in 

TABLE 2.3

HRO Safety Skills

1 Situational awareness
2 Crew resource management
3 Information processing and decision-making
4 Communication skills
5 Teamwork and team skills
6 Leadership and supervision
7 Human factors
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communication between team members.77 Poor 
teamwork and communication lapses among 
members of healthcare teams have emerged as 
key factors in the occurrence of errors.

 5. Team skills and understanding team dynamics 
are important aspects of avoiding errors in the 
management of the trauma patient.78

  HRO models of team training stresses 
that teams are made up of many people, but 
teamwork itself is an individual skill.79 High-
performing teams exhibit a sense of collective 
efficacy and recognize that they are depen-
dent upon each other and believe that, work-
ing together, they can solve complex problems 
by optimizing their resources, engaging in 
self-correction, and compensating for each 
other by providing backup behaviors and 
reallocating functions as necessary. Effective 
teams recognize potential problems or danger-
ous circumstances and adjust their strategies 
accordingly.80 Good teamwork establishes and 
maintains group and individual situational 
awareness, and share information, percep-
tions, and ideas to keep everyone ahead of the 
evolving clinical condition.

  In all aspects of healthcare, team care has 
been shown to reduce mortality, morbidity, 
and length of stay in patients.81,82 Team training 
improves trauma and ICU team performance 
and recognition of life-threatening injuries 
with reduction in death, adverse outcomes, 
and lengths of stay.58,59,79 Observational studies 
in the operating room have demonstrated that 
training clinicians in nontechnical and team-
work skills provides important safety nets.83

 6. Effective leadership and supervision are crucial 
parts of team dynamics.84 Leaders perform 
three key functions: provide strategic direction 
of care, monitor the performance of the team, 
and teach team members by providing instruc-
tions.85,86 A leader’s ability to get the best perfor-
mance from all team members and encouraging 
each person on the team to share all informa-
tion are traits of good leaders and supervisors.87

 7. Human factors (HF) is the science of understand-
ing and analyzing human physiology and how 
these factors impact performance. This has been 
dealt with in Section 2.5. Sleep and nap physiol-
ogy, work attitude, caffeine use, interpersonal 
relationships, and work environment are all 
involved in the study and management of HF. 
These factors have been emphasized in both the 
HRO safety literature and medical literature.88

2.9 Conclusion

Surgeons and surgical teams must accept the fact that 
there are some patients who cannot be helped, but none 
who cannot be harmed. The potential for error exists 
continually and it is crucial for surgeons to constantly 
remind themselves and their teams that these condi-
tions occur with every patient encounter. Sustaining 
this awareness and managing and detecting those 
risks, and then intervening in modest errors before they 
induce tragedy are essential strategies for the safety of 
surgical patients. Surgeons will never be able to protect 
every patient from the “malignancy of their disease,” 
but surgeons can minimize patient risks as they treat 
the patients’ illnesses and repair their injuries.
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3.1 Introduction

The purpose of preoperative evaluation is not simply 
to just give medical clearance but rather to perform an 
evaluation of the patient’s current medical status while 
making recommendations concerning the evaluation, 
management, and risk of cardiac (or medical) problems 
over the entire perioperative period. Furthermore, a 
complete evaluation will provide a clinical risk profile 
that the patient, primary physician, anesthesiologist, 
and surgeon can use in making treatment decisions 
that may influence short-term and long-term outcomes. 
The overall goal of the preoperative evaluation is to 
assess medical problems in surgical patients in order 
to medically optimize these patients preoperatively, 
manage them intraoperatively, and to provide recom-
mendations for postoperative care. Preoperative risk 
assessment is a critical part of this process and begins 
by identifying the major contributors to risk. There are 
two elements that determine the risk of complications 
for any given procedure: the risk associated with the 
type of surgery to be performed and the risk related 
to the individual patient’s health status. This chapter 
will discuss the general principles of the preoperative 
evaluation to assess the major cardiac and noncardiac 
risk factors that can be used to guide decision-making 
by the surgical team.

3.2 Surgery-Associated Risk

One factor that greatly impacts the risk of complica-
tions, which must be considered preoperatively, is the 
type of operation the patient will undergo. There is a 
significant distinction between emergent and elective 
procedures in terms of evaluation and risks. Emergency 
surgery of any kind carries a higher risk of mortality 
and postoperative complications. Emergency surgery 
has at least twice the incidence of cardiac complications 
in comparison to elective surgery.1 In cases of emer-
gency surgery there is very limited ability to assess risk 
factors or intervene preoperatively.

In general, operative death is uncommon, occurring 
in only 0.3% of all operations. Average risk implies peri-
operative mortality of 1% or less. Significant risk implies 
1%–10% and high risk is 10%–20%. Elective noncardiac 
procedures in the adult population carry an overall risk of 
cardiac complications of approximately 1.4% in unselected 
individuals.2 In elective surgery, cardiac risk has a sig-
nificant range related to the magnitude of the procedure. 
Superficial procedures such as endoscopic and ophthal-
mologic procedure are classified as low risk with cardiac 
complication risks of <1%, while major procedures such 
as an open aortic procedure has a cardiac complication 
risk above 5%. Cases associated with cardiac complica-
tion risks between 1% and 5%, such as orthopedic, are 
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considered intermediate risk. Establishing the risk of the 
surgery is paramount as patients with many cardiac risk 
factors undergoing a very low-risk procedure will need 
less testing than a patient with few risk factors undergo-
ing a major surgery.1

3.3 Patient-Associated Risk

The second factor of the risk equation is determined by the 
patient’s health. The American Society of Anesthesiology 
(ASA) classification of patients gives an impression of 
the patients’ current clinical state that correlates with 
surgical outcomes. The classifications range from 1 to 5, 
with 1 being healthy and 5 having severe systemic ill-
ness requiring immediate intervention, and all interme-
diate levels identifying more significant systemic disease 
as the classification increases. ASA class 6 is a separate 
class reserved for brain-dead patients undergoing organ 
procurement for eventual transplantation. Between the 
various conditions that increase a patient’s overall risk, 
there is a subset of conditions that is specifically associ-
ated with an increased risk of cardiac complications. The 
cardiac complications revolve mainly around periopera-
tive ischemic injury, although they can include deadly 
arrhythmias, sudden cardiac death, or heart failure.3,4 
The risk of noncardiac complications is also significant, 
varies depending on the patient’s comorbidities, and can 
involve any of the other organ systems.

3.3.1 Cardiac Risk Assessment

As modern medicine has progressed over the last few 
decades, patients of advanced age with more comor-
bidities are undergoing elective surgery. There has been 
a focus on evaluating these patients for risk associated 
with poor outcomes, specifically cardiac-related out-
comes. Although the incidence of perioperative isch-
emia is low in the general population (<2%), certain 
groups such as patients of advanced age and with his-
tory of coronary artery disease (CAD) have a higher inci-
dence approaching 5%.5,6 Major organizations such as 
the American Heart Association (AHA) and European 
Society of Anesthesiology (ESA) have developed broad 
practice guidelines with risk stratification tools and 
testing algorithms for assessing a patient’s risk. These 
guidelines are primarily evidence based, giving specific 
strength levels for the recommendations based on the 
available evidence. General principles and specific fac-
tors from these guidelines can help clinicians assess their 
patients’ cardiac risk and need for further testing rather 
easily. Numerous risk indices have been developed over 
the past 25 years on the basis of multivariate analyses.7–12

The evaluation of cardiac risk always involves a thor-
ough history and directed physical exam. The primary 
goal of any cardiac risk assessment is to evaluate for 
active cardiac conditions. The initial history, physical 
examination, and electrocardiogram (EKG) assessment 
should focus on the identification of these conditions. 
The active conditions that should delay elective surgery 
until they are addressed include unstable coronary syn-
dromes, acute heart failure, and significant arrhythmias 
or valvular disease. Through appropriate questioning 
about chest pain, palpitations, orthostasis, or dyspnea 
along with adequate heart and lung auscultation for mur-
murs, rhythm irregularities, and respiratory rales, these 
conditions should be identified. A resting EKG can also 
help detect abnormalities specifically related to arrhyth-
mias, ischemia, and conduction abnormalities. An EKG 
is indicated in certain groups of patients: (a) patients 
undergoing major vascular surgery; (b) patients with 
known CAD, peripheral artery disease, or cerebrovascu-
lar disease, undergoing intermediate-risk surgery; and 
(c) patients with clinical risk factors for CAD that will be 
undergoing intermediate or high-risk surgery. The iden-
tification of active cardiac conditions should prompt the 
surgical team to delay nonemergent surgery and obtain 
medical consultation to evaluate and medically opti-
mize the patient prior to surgery.

Aside from assessing for active cardiac conditions, 
the next most crucial step to determine a patient’s risk 
of cardiac complications is assessing their functional 
capacity. A high-risk patient with known CAD would 
not need further evaluation if he/she is able to exer-
cise for 30 min daily without symptoms. On the other 
hand, a sedentary person with clinical factors suggest-
ing the possibility of increased operative risk may ben-
efit from further testing even in the absence of known 
CAD. Functional capacity can be expressed in meta-
bolic equivalent (MET) levels. Multiples of the baseline-
MET value can be used to express aerobic demands for 
specific activities. Perioperative cardiac and long-term 
risks are increased in patients unable to meet a 4-MET 
demand during most normal daily activities.13,14 Energy 
expenditures for activities such as eating, dressing, 
walking around the house, and dishwashing range from 
1 to 4 METs; climbing a flight of stairs, walking on level 
ground at 6.4 km/h, running a short distance, scrubbing 
floors, or playing a game of golf represent 4–10 METs. 
Fulfilling 10 METs consists of participating in strenuous 
sports like running, basketball, or sexual activity. For 
those patients with poor functional capacity, it is imper-
ative to evaluate them carefully for their risk factors.

Cardiac risk indices are routinely used when assessing 
the preoperative patient. Cardiac risk is the most-feared 
and most-studied complication of surgery and is often 
an implicit request to determine the perioperative risk 
of cardiac complications. The cost of a perioperative 
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ischemic event has been found to be nearly $10,000 per 
ischemic injury.15 As no patient (and no procedure) is risk-
free, the internist should avoid statements like “avoid 
hypoxia, hypotension, and hypovolemia” or “cleared for 
surgery.” The internist could provide more information 
to the surgical team by mentioning what the patient’s 
risk level is, based on the patient’s medical conditions 
along with specific recommendations for individual con-
ditions the patient may have (e.g., “patient with chronic 
renal disease and severe anemia, consider erythropoi-
etin perioperatively and blood conservation therapies 
intraoperatively”). The role of the anesthesiologist is to 
determine the risk factors (patient and surgical), iden-
tify the patient’s risk for that procedure, and determine 
if further testing is indicated. The original Goldman risk 
index was based on a series of patients over the age of 
40 undergoing noncardiac surgery. Nine preoperative 
factors were found to be associated with life-threatening 
cardiac complications and death. These were myocardial 
infarctions (MI) within 6 months, S3 gallop or jugular 
venous distension, age over 70, arrhythmias, aortic ste-
nosis, poor general medical condition, emergency sur-
gery, and major intraabdominal or intrathoracic surgery. 
More recently, Lee and colleagues2 validated a much 
simpler index for patients undergoing nonurgent major 
noncardiac surgery known as the Revised Cardiac Risk 
Index. Their analysis identified six independent risk fac-
tors: ischemic heart disease, congestive heart failure, 
cerebral vascular disease, high-risk surgery, preopera-
tive insulin treatment for diabetes mellitus, and preop-
erative creatinine >2 mg/dL. Rather than weighing each 
of these risk factors, they designated risk classes by the 
number of risk factors. Patients without any risk factors 
are assigned to the lowest risk class (I) and were found to 
have cardiac complication rates of 0.5% and 0.4% in the 
derivation and validation cohorts. In contrast, patients 
with three or more risk factors are assigned to the high-
est risk class (IV) and were found to have cardiac compli-
cation rates of 9.1% and 11%, respectively.

The American College of Cardiology (ACC) and the 
AHA task force for practice guidelines have devised a 
stepwise algorithm for determining the need for fur-
ther cardiac workup.1 Within the algorithm, all patients 
with poor functional capacity are evaluated for certain 
risk factors to determine the need for further testing. 
They divide these risk factors into major, intermediate, 
and minor. The major clinical predictors of increased 
perioperative cardiovascular risk fall within the active 
cardiac conditions previously mentioned, more specifi-
cally, a recent unstable coronary syndrome such as an 
acute MI (documented MI <7 days previously), recent 
MI (>7 days, but <1 month before surgery), unstable or 
severe angina, decompensated heart failure, significant 
arrhythmias (high-grade atrioventricular block, symp-
tomatic arrhythmias in the presence of underlying heart 

disease, or supraventricular arrhythmias with uncon-
trolled ventricular rate), and severe valvular disease. 
Once active cardiac conditions are excluded, we must 
then look at the intermediate predictors of increased 
risk, as these are what will determine if the patient 
needs further testing prior to undergoing an elective 
procedure. These intermediate predictors of increased 
risk are more remote prior to MI (more than 1 month 
before planned surgery) or other evidence of CAD, com-
pensated heart failure, renal insufficiency with preoper-
ative creatinine greater than or equal to 2.0 mg/dL, and 
diabetes mellitus. Minor predictors are not used in the 
algorithm as risk factors altering management, but they 
are indicative of an increased likelihood of a patient 
having CAD. Minor predictors of risk are advanced age 
(>70 years), abnormal ECG, rhythm other than sinus, 
and uncontrolled systemic hypertension.

In patients undergoing intermediate or high-risk sur-
gery with multiple intermediate risk predictors, it is rea-
sonable to do noninvasive testing for ischemia if it will 
change the management prior to surgery. Noninvasive 
testing includes exercise or pharmacologic stress test-
ing. In patients with unstable angina or other active car-
diac conditions and many risk factors, it may even be 
reasonable to undergo cardiac catheterization as it may 
be clinically indicated independently from preoperative 
assessment. Studies have shown that exercise tolerance 
is as good as exercise stress testing in predicting peri-
operative complications in patients with stable CAD, 
which emphasizes the importance of determining func-
tional capacity.14

The past medical history can bring up other factors that 
affect cardiac risk factor management. It is important to 
uncover any history of prior MI, heart failure, anemia, 
cardiac procedures, or implants such as prior stenting, 
implantable defibrillators (ICD), or pacemakers as these  
can give a more complete picture of a patient’s cardiac 
risk factors as well as alter the perioperative manage-
ment. Although there are not enough data on which to 
base firm recommendations, it appears reasonable to 
wait 4–6 weeks after MI to perform elective surgery. In 
patients with heart failure, precautions such as monitor-
ing fluid balance and avoidance of certain medications 
that can exacerbate symptoms are key perioperative fac-
tors to consider.16 Significant anemia should be treated 
in patients with CAD as it can precipitate myocardial 
ischemia.17 If a patient has a stent previously placed, 
there is the need to continue perioperative antiplatelet 
therapy for a period of time depending on the type of 
stent, which may delay elective surgery. Recent inter-
rogation and evaluation of implanted pacemakers and 
ICDs are also necessary to manage the patient’s under-
lying cardiac condition, as devices may not be function-
ing properly and the patient may be dependent on the 
device’s function.
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3.3.2 Management of Patients at High Cardiac Risk

If preoperative evaluation suggests that a patient is at 
high risk for cardiac complications from surgery, one 
option to consider is elective cardiac revascularization 
prior to surgery. Evidence from retrospective studies 
suggests that the reduction in risk from revasculariza-
tion is approximately equal to the risk from surgery 
itself. Therefore, the decision to refer a patient for coro-
nary revascularization in the perioperative setting is 
identical to that in the nonoperative setting. It is not 
appropriate to propose surgery for coronary revascular-
ization that would not otherwise have been indicated. 
Cardiac revascularization surgery is related with much 
higher risks of CHF and serious arrhythmias when com-
pared to noncardiac surgery.4,18–21 Patients undergoing 
elective noncardiac procedures who are found to have 
prognostic high-risk coronary disease and in whom 
long-term outcome would likely be improved by coro-
nary artery bypass grafting (CABG) should generally 
undergo revascularization before a noncardiac elective 
surgical procedure of high or intermediate risk.22 Data 
to support percutaneous transluminal coronary angio-
plasty (PTCA) are also sparse. There is a lack of con-
trolled trials comparing perioperative cardiac outcome 
after noncardiac surgery for patients treated with pre-
operative PTCA versus medical therapy. Several small 
observational series have suggested that cardiac death 
is infrequent in patients who have undergone PTCA 
before noncardiac surgery.22–26

Several studies have also demonstrated a number of 
complications from angioplasty, including emergency 
CABG in some patients. There is uncertainty regard-
ing how much time should pass between PTCA and 
noncardiac procedures. Delaying surgery for at least 1 
week after balloon angioplasty to allow for healing of 
the vessel injury has theoretical benefits. If a coronary 
stent is used, a delay of at least 4–6 weeks should occur 
before noncardiac surgery to allow four full weeks of 
dual antiplatelet therapy and re-endothelialization of 
the stent to be completed, or nearly so.27 Patients receiv-
ing drug-eluting stents should be on dual antiplatelet 
therapy and have elective surgery delayed for as much 
as one full year. There is some suggestion that patients 
undergoing noncardiac surgery soon after PTCA are at 
higher risk or cardiac complications, and elective sur-
gery should generally be delayed for at least 2 weeks 
after PTCA, and longer if stents are placed.

Since 1996, perioperative beta-blockade has become 
the mainstay of medical therapy for noncardiac surgical 
patients. Randomized, placebo-controlled trials of beta-
blocker administration in the perioperative period have 
been performed.12,28,29 One trial demonstrated reduced 
perioperative cardiac events, and another demon-
strated improved 6-month survival with perioperative 

beta-blocker usage. Current studies suggest that appro-
priately administered beta-blockers reduce periopera-
tive ischemia and may reduce the risk of MI and death in 
high-risk patients. When possible, beta-blockers should 
be started days or weeks before elective surgery, with 
the dose titrated to achieve a resting heart rate between 
50 and 60 beats per minute. Perioperative treatment with 
alpha-2 agonists may have similar effects on myocardial 
ischemia, infarction, and cardiac death. However, beta-
blockade must be titrated to hemodynamic parameters 
and not given to every patient as a standardized dose, 
as it has been found to increase some risks, specifi-
cally that of stroke when hypotension occurs.30 Further 
research in this area is needed. Although the optimal 
dosing schedule for beta-blockers is unknown, it is rec-
ommended that beta-blockers should be started before 
hospitalization or immediately upon hospitalization, 
and in the high cardiac risk patients they should be con-
tinued through the hospitalization and up to a month 
postoperatively.

3.3.3 Pulmonary Complication Risks

Pulmonary function is altered in patients undergoing 
surgery. Decreased functional residual capacity, produc-
tive coughs, atelectasis are all frequent causes of opera-
tive morbidity. Postoperative pulmonary complications 
(PPC) are defined as pneumonia, symptomatic atelecta-
sis, respiratory failure with prolonged mechanical venti-
lation, bronchospasm, and exacerbation of chronic lung 
disease. The incidence of PPC is estimated to be between 
2% and 3% in unselected populations.31 The ASA rec-
ognizes advanced age and poor physical status of ASA 
classification >2 as risk factors. Other well-established 
risk factors of PPC are duration of anesthesia and sur-
gery longer than 2 h and high-risk surgical sites such as 
thoracic and upper abdominal region. These risk factors 
logically follow from the physiologic changes of intuba-
tion and mechanical ventilation for prolonged periods 
which are known to adversely alter lung function.

Preoperative assessment of all patients requires asking 
about the history of lung disease or related symptoms 
such as cough or wheezing along with lung auscultation. 
Preoperative assessment of patients undergoing pulmo-
nary resection is generally extensive. Patients with no 
history or symptoms of clinically significant lung dis-
ease and a normal lung exam require no further studies. 
Routine preoperative pulmonary function tests are not 
required, and routine preoperative chest x-ray has not 
shown to be helpful in improving patient outcomes.32 
In a meta-analysis of routine preoperative chest x-rays, 
even though over 20% of the exams were abnormal, only 
3% changed management.33 In asymptomatic patients 
without history of pulmonary disease, chest x-ray is 
not required and should not be done on a routine basis. 
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In patients with extensive lung disease undergoing lung 
resection, pulmonary function testing and other studies 
such as arterial blood gasses, gas transfer capacity, and 
functional tests determining VO2max are commonly used 
for determining the extent of possible resection.

Smoking increases the risk of pulmonary complica-
tions even in the absence of chronic lung disease, and all 
patients undergoing elective surgery should be coun-
seled on smoking cessation and improvement of periop-
erative risk. The risk declines if smoking is stopped at 
least 8 weeks before surgery; one study actually showed 
a higher risk among patients who stopped smoking 
for <8 weeks than those who never stopped. However, 
acute cessation of smoking for 24 h does reduce the 
quantity of methemoglobin and can improve oxygen-
ation. Cessation between 24 h and 6 weeks is associated 
with an increased incidence of morbidity, presumably 
secondary to decreased mucociliary clearance.34 Health-
care providers should avail themselves of every oppor-
tunity to discuss the importance of smoking cessation 
with all patients who smoke.

Patients with obstructive lung disease such as asthma 
or chronic obstructive pulmonary disease (COPD) can be 
a challenge. Patients with COPD are complex and have a 
higher risk of postoperative atelectasis, pneumonia, and 
death.35 Determining the presence of symptoms such as 
wheezing and worsening dyspnea is extremely impor-
tant in patients with asthma as well as those with COPD. 
The onset of these symptoms may indicate early bronchi-
tis or a pulmonary infection. These patients should have 
surgery delayed until wheezing has stopped. Symptoms 
of dyspnea and reduced exercise tolerance identify those 
who are at increased risk, while the absence of such 
symptoms with moderate exercise is rarely associated 
with advanced disease. Asthmatics should be on appro-
priate medical therapy with bronchodilators, steroids, 
immunomodulators, or any combination of these and 
not currently having exacerbation of symptoms. Patients 
who were “unable to walk more than 100 yards,” or 
“breathless while talking, dressing or unable to leave the 
house because of breathlessness” had a 53% incidence of 
complication compared with those having no abnormal 
dyspnea.35

Patients who have a history of sleep apnea and/or who 
are morbidly obese without systemic disease are accept-
able for surgery, but hospitalization postoperatively is 
recommended. Sleep apnea suggests intermittent air-
way obstruction, and these patients may have a difficult 
airway. A thorough evaluation is frequently required to 
identify those patients in whom a fiberoptic intubation is 
necessary and in whom postoperative continuous posi-
tive airway pressure (CPAP) would be beneficial.

The management of patients with productive cough 
represents a difficult dilemma. Retrospective series did 
not demonstrate an increased risk of complications in 

patients with uncomplicated respiratory infections, 
whereas other studies did show a significant difference, 
especially if endotracheal intubation was involved.36–40 
For procedures that will be done under MAC/sedation 
without airway manipulation, there does not appear to 
be concern for infectious spread and causing pneumo-
nia. For cases that will involve intubation, in patients 
with signs of significant untreated infection such as 
fever, chills, and copious secretions, it is reasonable to 
delay elective cases. However, risk–benefit ratio must be 
considered on an individual basis.

Perioperative interventions have been shown to 
reduce the incidence of pulmonary complications. 
Patients who stop smoking 2 months prior to surgery 
have significantly fewer pulmonary complications than 
those who continue to smoke or stop <8 weeks before 
admission. Incentive spirometry and chest physio-
therapy in the postoperative period have been used for 
many years to reduce pulmonary morbidity, however 
the evidence is conflicting about their effectiveness.41 
Adequate analgesia and early mobilization are strongly 
recommended.

3.3.4  Noncardiopulmonary Perioperative 
Complications

Multiple organ systems can have altered function dur-
ing the perioperative period. As the surgical stimulus 
initiates a stress response and alters cardiopulmonary 
function, this can lead to changes in organ perfusion 
and response throughout the body. Acute kidney injury 
(AKI), neurologic impairment, endocrine alterations, 
and coagulation abnormalities are some of the more 
commonly described noncardiopulmonary complica-
tions, and all have specific risk factors.

The fluid and hemodynamic shifts associated with 
general anesthesia and surgical procedures can tip a 
high-risk patient over the edge into outright renal fail-
ure. The overall risk of AKI, resulting in a rise in cre-
atinine >2 mg/dL or need for dialysis is only 1% in the 
general surgical population42; however, this number 
increases significantly to 7.5% for patients requiring 
postoperative ICU admission and is an independent risk 
factor for postoperative mortality. Risk factors for AKI 
have been identified. These risk factors were collected 
from data of over 75,000 patients and include: male sex, 
existing renal insufficiency, intraperitoneal surgery, asci-
tes, emergency surgery, age >55, CHF, hypertension, and 
diabetes requiring medication management or insulin. 
Having less than three of these risk factors results in 
<5% risk of AKI, whereas patients with more than five 
of the risk factors had >40% risk of AKI.43 Many strate-
gies have been looked at for prevention of postopera-
tive AKI without much clarity in the general surgical 
population. Interventions that can reduce the risk of AKI 
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include maintaining adequate renal perfusion by main-
taining intravascular volume and cardiac output periop-
eratively. Tight glucose control with the use of insulin 
in this period can also offer some advantages for AKI 
prevention. There is no clear evidence of pharmacologic 
interventions for prevention of AKI despite reports of 
the use of fenoldopam or dopamine for this purpose.44

Neurologic complications in the postoperative period 
are an underrecognized problem. With the increasing 
age of the surgical population, this problem is grow-
ing as age has been identified as one of the major risk 
factors not only for postoperative delirium and cogni-
tive dysfunction but also for perioperative stroke. The 
incidence of stroke in cardiac, neurologic, and carotid 
procedures is significant, ranging from 2.2% to 5.2%. 
In procedures other than cardiac, neurosurgical, and 
carotid, stroke risk ranges from 0.05% to 7.4%. The risk 
of stroke is of serious concern as perioperative stroke 
carries a mortality risk of 26% in the general surgical 
population. The greatest risk factors for stroke include 
increasing age (especially in those over 70), previous 
stroke, and atrial fibrillation. In some studies, many of 
the risk factors for cardiac complications such as heart 
disease (e.g., valvular, CHF, CAD), diabetes, and renal 
impairment have also been found to increase the risk 
for stroke. Interestingly, carotid bruit or stenosis, which 
were believed to be associated with a higher risk of 
stroke, still remain controversial when looked at in stud-
ies. Some associations have been shown between hypo-
tension, beta-blocker use, and the incidence of stroke, 
but direct correlation cannot be assumed. The type of 
surgery also imposes a risk with higher incidence noted 
in vascular, hip arthroplasty, and neck dissections for 
cancer as compared to the general surgical population.45

Postoperative delirium is associated with longer hos-
pital stay and higher incidence of death; therefore, risk 
factor identification and aggressive preventive treat-
ment are essential. As mentioned earlier, increasing age 
is a significant risk factor. Other risk factors include: 
male sex, existing dementia or depression, metabolic 
derangements, use of multiple psychoactive drugs, mal-
nutrition, dehydration, and poor functional status. The 
best treatment for delirium is to prevent it from ever 
occurring in patients who are at increased risk. There are 
many events that can trigger delirium in the high-risk 
patients, which can be avoided. Postoperative anemia, 
hypovolemia, urinary catheters, physical restraints, and 
certain medications can trigger delirium and should 
be used cautiously in high-risk patients. Consideration 
may be given for utilization of low-dose antipsychotic 
medications such as haloperidol. Anesthetic manage-
ment can play a role especially when it comes to pain 
control and drug selection.46

Surgical stress can impose alterations on the endocrine 
system. Amongst these stress responses, alterations in 

blood glucose can be quite common, especially with the 
increasing prevalence of diabetes. It has been demon-
strated that poor perioperative control of blood glucose 
is one of the most significant factors leading to surgical 
site infections in the postoperative period.47 Although the 
exact parameters for glucose levels are not clear, levels 
exceeding 200 mg/dL are considered unacceptably high 
in all types of patients. Surgery also imposes stress on the 
pituitary–adrenal system, which could render patients 
who may have some degree of adrenal suppression from 
exogenous glucocorticoids susceptible to postoperative 
adrenal insufficiency. Measures to assess these factors 
are simple as they entail a history of diabetes or recent 
treatment with steroids. Perioperative interventions like 
insulin infusions and glucose control could reduce the 
number of endocrine-related complications.

Alterations in the coagulation cascade are a com-
mon problem encountered during surgery. In patients 
with liver disease, genetic coagulopathies, or having 
had major trauma requiring massive resuscitation and 
transfusion, the risk of perioperative coagulopathy is 
extremely high, leading to significant hemorrhage and 
the requirement for factor replacement via platelets, 
fresh frozen plasma (FFP), cryoprecipitate, and other 
factors. These special patient populations should be 
identified early and efforts to normalize coagulation 
taken. On the other end of the spectrum, the incidence 
of deep venous thrombosis and venous thromboembo-
lism (VTE) is high in the surgical population, being up 
to 20 times more likely than in the general population. 
The incidence of VTE is also used as a core measure 
of perioperative care as many modalities such as early 
ambulation, compression devices, and pharmacologic 
interventions (i.e., low-molecular weight heparin) have 
been shown to reduce the incidence. Certain risk factors 
have been associated with surgical patients that lead to 
increased VTE. Certain groups of patients such as those 
in chronic care facilities suffering from immobility, can-
cer, obesity, and those with prothrombotic genetic vari-
ations are at increased risk.48 Certain types of surgery 
such as total hip or knee replacement have been associ-
ated with extremely high rates of VTE, higher than 40% 
without adequate prophylaxis.49 Other types of surgery 
like general orthopedics, neurosurgical, and gyneco-
logic are also associated with higher risk. Identifying 
the patients at high VTE risk is essential for implement-
ing appropriate prophylaxis.

3.4 Conclusion

It is evident that a thorough preoperative evalua-
tion of each and every patient is imperative. Good 
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communication is also an essential feature of pre-
operative evaluation. Findings and recommenda-
tions should always be discussed with the referring 
surgeon, ideally in person. Notes should be brief, 
focused, and specific. The goal of preoperative risk 
assessment is to stratify an individual patient’s risk for 
a specific procedure, or to recommend diagnostic test-
ing if this determination cannot yet be made. As no 
patient is completely free of risk, the phrase “medical 

clearance” is misleading and should be avoided. The 
patient should understand that the surgeon, primary 
care physician, and anesthesiologist are all working 
together as a team to optimize their care and that the 
final decision on whether or not to operate will be 
made between the surgeon and the patient. The most 
important part of the preoperative evaluation will be 
a complete medical history and thorough physical 
examination of the patient.

Cardiac and Noncardiac Surgical Complications

Complication
Incidence/

Risk Comments Reference

Cardiac
MI/ischemia 1.1%–5.6% Lowest incidence seen in unselected population excluding 

emergency surgery. Highest incidence seen in a study of 
populations >50 with coronary artery disease (CAD)

[2,5,6]

CHF 3.5% (20%*) As determined by pulmonary edema and symptomatology in 
veteran population.

[3,18]

V tach/V fib 0.4% (1.2%*) Higher incidence was found in cardiac surgery* [3,19]
Supraventricular 
tachyarrhythmia

2%–6.1% 
(30%–60%*)

Low incidence in noncardiac surgery compared to cardiac surgery* [4,20,21]

Severe bradyarrhythmia 0.4% Requiring treatment [21]

Noncardiac
Pneumonia, respiratory failure, 
atelectasis, pneumothorax

2.7% In nonselected patients undergoing noncardiac surgery [31]

Atelectasis or pneumonia 5%–10% In a population of COPD patients [35]

Acute renal failure 1% In patients with normal renal function [42]

Note: * indicates cardiac surgery population.

Avoidance of Major Cardiac Complications

Complication Avoidance Reference Comments

MI/ischemia Postpone elective surgery in patients with active cardiac disease [1]
Continue antiplatelet therapy in patients with stents [1]
Continue beta-blockade in patients taking them to control HTN or angina [1]
Beta-blockade titrated to control HR in patients with known CAD 
undergoing vascular or intermediate risk surgery

[1]

Stress testing and intervention in patients undergoing vascular surgery 
with three or more risk factors for CAD and <4 METs

[1]

Treat anemia (hematocrit <28) in patients with CAD [17]
Heart failure Monitor for fluid overload and use diuretics as needed in HF patients [16]

Avoid medications: NSAIDs, calcium channel blockers (CCB), 
antiarrhythmics

[16] Vasoselective CCB, 
amiodarone, and dofetilide 
do not affect survival

Continue/resume medications showing benefits in HF patients, such as 
ACE inhibitors and beta-blockers

[16]

Assessing heart function with hemodynamic parameters (Echo and 
pulmonary artery catheters)

[18] Recommendations specific to 
cardiac surgery patients

Use of intraaortic balloon pump, vasopressors/inotropes, ventricular 
assist devices as needed

[18] Recommendations specific to 
cardiac surgery patients

Arrhythmias Correct electrolyte abnormalities [21] Specifically hypomagnesemia
Use of beta-blockers and adequate analgesia (i.e., epidural) to reduce 
adrenergic stimulation in select patients

[21]

Use of diltiazem or amiodarone perioperatively [21]

Overdrive biatrial pacing [21]
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4.1 Introduction

Over the past two decades, anesthesia-related deaths 
have decreased from 1 per 10,000 to about 1 in 250,000 
anesthetics administered. According to the American 
Society of Anesthesiologists (ASA), a person is more 
likely to be struck by lightning than die from anesthesia-
related complications. Advances in anesthesia care, 
patient monitoring, and training of anesthesia providers 
have made surgery much safer and lowered the risk of 
complications. Although complications due to anesthe-
sia are uncommon, they must be recognized and appro-
priately managed. More importantly, measures should 
be taken to avoid preventable complications. This chap-
ter will review the incidence, etiology, and prevention 
of anesthesia-related complications. Some complica-
tions have been included because of their frequency, 
while others, despite being exceedingly rare, have been 
included because of their severity. The complications 
are grouped into the following categories: complications 
of airway management, complications of the respiratory 
system, complications of the cardiovascular system, 
complications of the renal and hepatic systems, com-
plications of the neurological system, complications of 
regional anesthesia, systemic and metabolic complica-
tions, and other complications.

The ASA Closed Claims database cited throughout 
this chapter is a standardized collection of case summa-
ries derived from professional liability insurance com-
panies’ closed claims files [1]. This large database was 
developed by ASA in order to analyze complications 
and improve patient safety.

4.2 Complications of Airway Management

4.2.1 Sore Throat

Although it may not be considered a severe complica-
tion, sore throat is one of the most frequently occur-
ring complications of general anesthesia. Sore throat is 
most commonly associated with tracheal intubation, but 
it has also been reported following use of a laryngeal 
mask airway (LMA) or mask ventilation. The incidence 
of sore throat after general anesthesia is variable in the 
literature, with some reports suggesting it is as high as 
70% [2]. Given the fact that this complication can occur 
with or without tracheal intubation, its etiology remains 
unclear. Preventive measures that may decrease post-
operative sore throat include use of an LMA instead 
of tracheal intubation, systemic or topical lidocaine 
administration, and monitoring of tracheal tube cuff 

pressure [2]. Sore throat following general anesthesia 
usually resolves within 24–48 h. Some clinicians offer 
treatment with analgesic lozenges.

4.2.2 Airway Trauma

4.2.2.1 Dental Injury

The incidence of dental injury in patients who require 
anesthesia services has been reported between 0.02% 
and 0.07% [3]. The etiology is often direct trauma dur-
ing laryngoscopy, and poor dentition is a risk factor. 
Preventive strategies include careful laryngoscopy and 
use of properly placed soft bite blocks and mouth guards. 
Early recognition is paramount. If a tooth is dislodged, 
it must be retrieved as soon as possible to prevent aspi-
ration. The tooth should be stored in moist gauze or in 
normal saline, and the anesthesiologist should consult 
a dentist or oral surgeon to evaluate whether reimplan-
tation is feasible. Reimplantation must be performed 
within 1 h.

4.2.2.2 Laryngeal Trauma

Laryngeal complications associated with general anes-
thesia include vocal cord trauma, vocal cord paralysis, 
and arytenoid subluxation or dislocation. The incidence 
of vocal cord injury is approximately 6%, and the eti-
ology is usually direct trauma. The best preventive 
measure is intubation by an experienced practitioner. 
Treatment is conservative. Patients should be informed 
that hoarseness might last up to 2 weeks. Hoarseness 
can also occur without direct trauma as a result of vocal 
cord paralysis. Paralysis is most often secondary to 
recurrent laryngeal nerve injury. This may occur due to 
malposition with overinflation of the tracheal tube cuff, 
which presses on the recurrent laryngeal nerve in the 
subglottic larynx. Unilateral vocal cord paralysis mani-
fests as hoarseness. Bilateral cord paralysis can lead to 
respiratory obstruction. Preventive measures include 
avoiding overinflation of the tracheal tube cuff and 
placing the tracheal tube at least 15 mm below the vocal 
cords.

4.2.2.3 Tracheal Trauma

Tracheal stenosis and tracheomalacia are complications 
associated with prolonged tracheal intubation. Tracheal 
injury can occur secondary to brief perioperative tra-
cheal intubation. The etiology of mucosal injury is usu-
ally tracheal tube cuff overinflation. Tracheal laceration 
or rupture is a rare but serious complication of endo-
tracheal intubation. The incidence is <1% [4]. However, 
the risk is likely higher in cases of difficult intubation 
with repeated and blind attempts at tracheal intubation. 
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Treatment for tracheal laceration can range from conser-
vative management to surgical repair, depending on the 
extent of injury and the patient’s condition.

4.2.3 Laryngospasm

Laryngospasm is a protective reflex mediated by the 
vagus nerve causing spastic closure of the vocal cords 
with infolding of the arytenoids and aryepiglottic folds. 
The reflex is most likely to occur during stage II of anes-
thesia and can be precipitated by saliva, blood, or gas-
tric contents coming in contact with the glottis during 
this perilous period. Laryngospasm is the most common 
cause of postobstructive pulmonary edema (POPE). The 
first step in the treatment of laryngospasm is the appli-
cation of a jaw thrust. This maneuver elevates the hyoid 
bone and can open the aryepiglottic folds. If the jaw 
thrust is insufficient, positive airway pressure should 
be applied. Pharmacologic treatment with propofol or a 
small dose of succinylcholine may also be required.

4.3 Complications of the Respiratory System

4.3.1 Atelectasis

General anesthesia will lead to atelectasis, even in 
healthy patients. There are multiple factors that contrib-
ute to the etiology of atelectasis under general anesthe-
sia. Proposed causes include compression atelectasis, 
gas resorption, and surfactant impairment [5].

The diaphragm is displaced cephalad in supine 
patients under general anesthesia. This increases the 
intrapleural pressure and can lead to alveolar collapse 
(compression atelectasis). Atelectasis can be worsened by 
body habitus, patient positioning (e.g., Trendelenburg), 
and surgical factors (e.g., retraction, packing). The best 
preventive measure against compression atelectasis 
is the use of positive end-expiratory pressure (PEEP). 
Ideally, PEEP should be initiated at the onset of anesthe-
sia induction.

Gas resorption atelectasis is secondary to the increased 
oxygen concentration that patients receive during 
general anesthesia. Lung zones with low ventilation/
perfusion ratios are most likely to be affected by gas 
resorption. When the alveolar oxygen tension is ele-
vated, the rate at which oxygen moves from the alveoli 
to the blood is markedly increased. If the flow rate of 
gas into the blood exceeds the rate of inspired gas, the 
alveoli become smaller, and eventually collapse. Studies 
have shown that decreasing the inspired oxygen concen-
tration during the induction of anesthesia may prevent 
atelectasis. This technique is difficult to incorporate into 

clinical practice, since it directly affects the permissible 
apnea time and increases the risk of hypoxia.

Surfactant impairment may be fostered by the admin-
istration of anesthetic agents, increased length of 
surgery, and decreased tidal volume [5].

Atelectasis decreases the ventilation/perfusion ratio 
and increases intrapulmonary shunt, leading to hypox-
emia. Although in healthy patients atelectasis can be a 
relatively benign condition, this is much more threat-
ening in patients with preexisting lung disease or 
decreased cardiopulmonary reserve. The treatment 
objective is to provide an increase in transpulmonary 
pressure that is sufficient to re-expand collapsed alve-
oli. Therapies used in the postoperative period include 
deep breathing, incentive spirometry, and continuous 
positive airway pressure (CPAP) [6]. In patients who are 
hypoxic, treatment with CPAP may decrease the inci-
dence of postoperative tracheal intubation [7].

4.3.2 Bronchospasm

Intraoperative bronchospasm is often anticipated in 
patients with preexisting bronchospastic diseases, 
such as asthma, chronic obstructive pulmonary dis-
ease (COPD), and bronchopulmonary dysplasia. 
Bronchospasm can also occur in patients without comor-
bidities. It can be triggered by direct respiratory stimuli 
including tracheal intubation, carinal irritation, and 
mainstem intubation, or it can be precipitated by indirect 
stimuli—surgical stimulation with inadequate anesthe-
sia. Furthermore, bronchospasm can be a symptom of 
other pulmonary complications, such as aspiration or 
pulmonary edema, and intraoperative hypersensitivity 
reactions. A study reviewing 136,929 cases reported an 
overall incidence of bronchospasm of 1.6 per 1000 anes-
thetics [8]. The same study found increased incidence of 
bronchospasm in pediatric patients and in those with 
respiratory infection or obstructive lung disease.

Preoperative identification of patients at risk for bron-
chospasm is essential for the implementation of preven-
tive strategies. Smokers must be counseled early on. 
Smoking cessation must be attained at least 8 weeks 
prior to surgery to decrease the risk of pulmonary com-
plications. Patients with asthma or COPD should be 
medically optimized prior to elective surgery, and those 
with respiratory infections should receive appropriate 
therapy.

Several intraoperative measures can be taken to pre-
vent perioperative bronchospasm. Regional anesthe-
sia, which avoids airway instrumentation, should be 
considered whenever possible. Use of an LMA instead 
of a tracheal tube is associated with less bronchocon-
striction [9]. When general anesthesia is required in 
patients at risk for bronchospasm, the trachea should 
be instrumented only after adequate neuromuscular 
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blockade and depth of anesthesia have been achieved. 
Deep extubation should be considered in selected cases 
(e.g., patients without risk for aspiration or difficult 
intubation).

The first step in the treatment of bronchospasm is 
usually to deepen the inhaled anesthetic, since this is 
easy to execute. Surgical stimulation should be paused, 
if possible, in the presence of significant broncho-
spasm. Mechanical causes of airway irritation should 
be excluded. The next step is to administer a nebulized 
beta-2 agonist (e.g., albuterol). Although neuromuscular 
blockade does not affect bronchial smooth muscle tone, 
it may facilitate ventilation by improving chest wall 
compliance. Treatment with intravenous corticosteroids 
may also be beneficial (e.g., methylprednisolone).

4.3.3 Aspiration

Aspiration accounts for 3% of claims in the ASA Closed 
Claims Project database [1]. A 1986 Scandinavian study 
reported an incidence of 0.7–4.7 in 10,000 general anes-
thetics [10]. More recent studies in the United States 
have also reported an incidence within this range. On 
the other hand, the incidence of aspiration has been 
reported to be higher in obstetric patients.

Risk factors for aspiration include pregnancy, esopha-
geal disease, gastric disease, small bowel obstruction, 
ileus, trauma, diabetes, obesity, and recent food inges-
tion. Rapid sequence induction (RSI) and tracheal intu-
bation should be used to decrease the risk of aspiration 
in such patients during general anesthesia. Although 
the effectiveness of cricoid pressure in preventing aspi-
ration continues to be debated, cricoid pressure remains 
the mainstay for RSI due to its low risk/benefit ratio. 
Awake intubation is the technique of choice for secur-
ing the airway in patients at risk for aspiration who are 
also suspected of having difficult-to-manage airways. 
Pharmacologic agents are available to reduce the acid-
ity or the volume of gastric contents, but do not prevent 
aspiration. Currently, the ASA Practice Guidelines do 
not recommend the routine use of any of these agents in 
healthy patients undergoing elective surgery.

When witnessed aspiration occurs, the treatment is 
immediate suctioning of the oropharynx or tracheal tube. 
The treatment of aspiration pneumonitis is supportive. 
Only patients with evidence of aspiration pneumonia 
should receive antibiotic therapy. Steroids have not been 
shown to improve outcome in this condition [11].

4.3.4 Postobstructive Pulmonary Edema

POPE, or “negative pressure” pulmonary edema, is 
the acute onset of pulmonary edema following upper 
airway obstruction. POPE Type I follows episodes of 
acute upper airway obstruction, such as laryngospasm, 

whereas POPE Type II follows relief of chronic upper 
airway obstruction (e.g., tonsillectomy, tumor resec-
tion). Although sufficiently powered studies are lack-
ing, the incidence of POPE is thought to be as high as 
1 in 1000 anesthetics [12]. Clinical presentation of POPE 
is characterized as acute respiratory distress following 
relief of the obstruction; however, onset can be delayed 
by as much as 24 h [13]. The most common etiology is 
laryngospasm [13]. Chest radiography can be useful 
in distinguishing POPE from aspiration pneumonitis 
since POPE has a faster onset of radiologic changes [13]. 
Echocardiogram is helpful to exclude cardiogenic causes 
of pulmonary edema. Treatment of POPE is supportive 
and includes CPAP or PEEP tailored to the severity of 
the respiratory distress or failure.

4.4  Complications of the 
Cardiovascular System

4.4.1 Myocardial Ischemia/Infarction

Cardiac complications are the most common cause of 
mortality after surgery and anesthesia [14]. The most 
recent guidelines set forth by the American College of 
Cardiology/American Heart Association (ACC/AHA) 
regarding perioperative cardiovascular evaluation and 
care for noncardiac surgery cite the Revised Cardiac 
Risk Index developed by Lee et al. in 1999 [15]. This 
prospective cohort study including 4315 patients iden-
tified six risk factors for major cardiac complications 
(ventricular fibrillation/cardiac arrest, complete heart 
block, acute myocardial infarction (MI), and pulmonary 
edema) in noncardiac surgery. The risk factors identified 
were high-risk surgery, ischemic heart disease, history 
of congestive heart failure, history of cerebrovascu-
lar disease, insulin-dependent diabetes, and elevated 
serum creatinine (>2.0 mg/dL). In this study, patients 
with 0, 1, 2, or >2 of these risk factors had incidences 
of major cardiac complications of 0.5%, 1.3%, 3.6%, and 
9.1%, respectively.

In addition to patient risk factors, the risk of cardiac 
complications is significantly affected by the type of 
surgery. Aortic and peripheral vascular surgeries are 
considered high-risk, carrying a risk of cardiac death 
and MI >5%. Intraperitoneal, intrathoracic, carotid, 
head and neck, orthopedic, and prostate surgeries are 
classified as intermediate risk, with a 1%–5% risk. Low-
risk procedures carry a risk of <1%. These procedures 
include endoscopy, superficial procedures, cataract sur-
gery, breast surgery, and ambulatory surgery [16].

There is evidence to support both medical and inter-
ventional treatment modalities to reduce perioperative 
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cardiovascular risk. Here, we will only mention those 
interventions that are supported by Class I evidence. The 
first recommendation is that patients with active cardiac 
conditions be evaluated and treated as per the ACC/AHA 
guidelines prior to undergoing noncardiac surgery. Active 
cardiac conditions are unstable coronary syndromes 
(recent MI, and unstable or severe angina), decompen-
sated congestive heart failure, significant arrhythmias, 
and severe valvular disease. Patients on beta-blockers 
should continue them in the perioperative period. Beta-
blockers should be given to patients who will undergo 
vascular surgery and have known coronary artery dis-
ease. Statins should be continued in the perioperative 
period. Coronary revascularization before surgery is 
recommended in patients with stable angina who have 
significant left main coronary artery disease, three-vessel 
disease, or two-vessel disease with proximal left anterior 
descending coronary disease. Revascularization is also 
recommended for patients with high-risk unstable angina 
or non-ST-segment elevation MI, and for patients with 
acute ST-elevation MI (STEMI) [16].

4.4.2 Dysrhythmias

The incidence of perioperative dysrhythmia varies accord-
ing to the definition used. The incidence of dysrhythmia, 
including bradycardia and tachycardia, in a large multi-
center study of 17,201 patients was 70.2% [17]. However, 
the need for antidysrhythmic medication, use of electrical 
devices, or cardiopulmonary resuscitation, only occurred 
in 1.6% of these patients [18]. Dysrhythmias range from 
benign to lethal, and may result from direct mechanical 
irritation, electrolyte abnormalities, conduction abnor-
malities, or structural cardiac disease.

Continuous electrocardiogram monitoring during 
anesthesia is an ASA standard for basic anesthetic mon-
itoring. Dysrhythmias should be identified, determined 
to be stable or unstable, and treated according to ACLS 
algorithms. Clinicians should also look for and treat 
reversible causes of dysrhythmia.

4.5  Complications of the Renal 
and Hepatic Systems

4.5.1 Postoperative Renal Dysfunction

The development of acute kidney injury results in a sig-
nificant increase in morbidity and mortality, as well as 
in health care costs, since renal replacement therapy is 
expensive and not free of complications. Development 
of renal failure in the perioperative period is almost 
always the result of a combination of factors, and almost 

never the result of an anesthetic agent. Renal failure 
can be categorized into prerenal, renal, and postrenal 
etiologies. Prerenal causes are generally secondary to 
hypovolemia, or relative hypovolemia. Renal etiologies 
include ischemia and toxins. Postrenal causes are uri-
nary tract obstructions, from the ureters to the urinary 
catheter.

The incidence of postoperative renal dysfunction 
depends highly on the type of surgery. Cardiac surgery, 
for instance, poses a significantly higher risk than other 
surgeries. Kheterpal et al. reviewed 65,043 noncardiac 
surgery cases and reported an incidence of 0.8% [19]. 
This study also identified the following as independent 
preoperative predictors of postoperative acute renal fail-
ure: age, emergent surgery, liver disease, elevated body 
mass index, high-risk surgery, peripheral vascular dis-
ease, and COPD.

Nonpharmacologic strategies, such as appropriate 
fluid administration, and avoidance of hypotension 
and nephrotoxins are the most effective preventive 
strategies for postoperative renal dysfunction. There 
is evidence against the use of diuretics as preventive 
therapy [20].

4.5.2 Postoperative Hepatic Dysfunction

Severe postoperative hepatic injury is a rare complica-
tion of anesthesia; however, it has been reported after 
the administration of halogenated agents. The most 
significant anesthesia-related risk factor is prior expo-
sure to halothane. Nevertheless, halothane is no longer 
available for clinical use in the United States. There are 
case reports of hepatic dysfunction following anesthesia 
with the newer halogenated agents, including sevoflu-
rane, but it is exceedingly rare.

Postoperative hepatic dysfunction can also occur due 
to ischemic hepatitis. This type of hepatic injury results 
from hepatic hypoperfusion, hypoxemia, or sepsis. 
Prevention strategies are nonspecific and include 
maintaining adequate systemic perfusion and oxygen-
ation [21].

4.6  Complications of the Neurological System

4.6.1 Perioperative Stroke

The risk of perioperative stroke is highly dependent 
on the type of surgical procedure. For general sur-
gery, the risk is between 0.2% and 0.7% [22], while for 
carotid endarterectomy, the risk is as high as 5.1% [23]. 
The risk variation inherent to the surgery makes it dif-
ficult to assess the risk of stroke secondary to general 
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anesthesia. There is conflicting evidence whether choice 
of anesthetic technique (general vs. regional) affects 
perioperative stroke in patients undergoing carotid end-
arterectomy. Most perioperative strokes in patients with 
carotid stenosis undergoing coronary artery bypass 
grafting (CABG) are embolic in nature [24] rather than 
secondary to anesthesia-induced hypotension.

Patient-related risk factors for perioperative stroke 
include age, female sex, hypertension, diabetes, renal 
insufficiency, COPD, peripheral vascular disease, car-
diac disease, prior history of stroke or transient ischemic 
attack, carotid stenosis, and aortic atherosclerosis [25].

Despite the inherent risk of the surgery and patient-
related risk factors, there are management strategies 
that can decrease the risk of perioperative stroke. Statins 
have been shown to be protective in patients undergoing 
CABG [26]. Maintenance of intraoperative blood pres-
sure as close as possible to baseline is key. Perioperative 
glucose control is another important parameter that may 
affect outcome. A glucose range of 140–180 mg/dL is 
recommended for critically ill patients [27]. Patients on 
antiplatelet therapy should continue taking these medi-
cations throughout the perioperative period whenever 
possible. If not feasible, antiplatelet therapy should be 
resumed as early as possible in the postoperative period.

4.6.2 Postoperative Cognitive Dysfunction

Postoperative cognitive dysfunction (POCD) is of con-
cern primarily in geriatric patients, but is also reported 
in middle-aged patients. POCD is loosely defined as 
problems with thinking and memory in the postopera-
tive period. The mechanism of the cognitive dysfunc-
tion is unknown, and the incidence is largely dependent 
on the time elapsed since surgery. Johnson et al. [28] 
reported an incidence of 19.2%, 1 week after surgery in 
a group of 508 patients, compared to 4.1% in the control 
group. At 3 months postsurgery, the same group had 
a POCD incidence of 6.2%, which was not statistically 
significant compared to the control group.

The Mini-Mental State Examination (MMSE) is the 
most commonly used test of cognitive function, and is 
a valuable tool for establishing the baseline function in 
patients who may be at risk for POCD.

There are no evidence-based management strategies 
that have been proven to significantly impact the inci-
dence of this complication. One hypothesis formulated 
in the literature has been whether general anesthe-
sia is associated with higher incidence of POCD than 
regional anesthesia. Ramsussen et al. [29] randomized 
438 patients over the age of 60 undergoing noncardiac 
surgery. While patients who received general anesthesia 
had more cognitive dysfunction 1 week after surgery, 
there was no difference at 3 months after surgery in com-
parison to patients who received regional anesthesia.

4.6.3 Perioperative Visual Loss

Perioperative visual loss (POVL) following nonocular 
surgery is an extremely rare complication; the incidence 
is 0.002%. It is of greater concern in patients undergoing 
cardiac surgery or spine surgery, where the combined 
incidence is 0.2%. [30] Although the most common etiol-
ogy of POVL in these cases is ischemic optic neuropathy, 
its mechanism is not completely understood. Proposed 
risk factors include length of time in the prone position, 
large intraoperative blood loss, preoperative presence of 
anemia, obesity, tobacco use, and vascular comorbidity 
(e.g., hypertension, diabetes, peripheral vascular dis-
ease, coronary artery disease).

The ASA has developed a practice advisory for POVL 
associated with spine surgery [31]. Recommendations 
include informing patients in whom prolonged proce-
dures, substantial blood loss, or both are anticipated that 
there is a small, unpredictable risk of POVL. Patients at 
risk should have continuous monitoring of their blood 
pressure and their hemoglobin or hematocrit values 
monitored periodically during surgery. When possible, 
patients should be positioned so that the head is level 
with or higher than the heart, and the head maintained 
in a neutral forward position. Direct pressure on the 
eyes should be avoided, and the eyes of prone-positioned 
patients assessed regularly and documented. Finally, 
consideration should be given to the use of staged spine 
procedures in high-risk patients. The Practice Advisory 
offered no recommendations for transfusion threshold 
or guidelines for the use of vasopressors in this setting.

In the event of POVL, the anesthesiologist and sur-
geon should promptly seek the consultation of an 
ophthalmologist.

4.6.4 Perioperative Nerve Injury

Anesthesia-related nerve injury accounted for 16% 
(4183 claims) of the claims in a 1999 analysis of the ASA 
Closed Claims Project database [32]. The most common 
nerve injury among these cases was the ulnar nerve 
(28%), followed by the brachial plexus (20%), and lum-
bosacral nerve roots (16%). Nerve injury can be second-
ary to pressure, stretch, ischemia, toxins, direct trauma, 
or other undetermined causes. Ulnar nerve and brachial 
plexus injury are more commonly seen in cases of gen-
eral anesthesia, while lumbosacral root injury is associ-
ated with regional technique [32].

The ASA 2010 Practice Advisory for the Prevention of 
Perioperative Peripheral Neuropathies [33] lists several 
strategies that may prevent or reduce the incidence or 
severity of peripheral neuropathy that may be related 
to perioperative positioning. Arm abduction in supine 
patients should not exceed 90°. For supine patients 
with arms placed on arm boards, the arm should be 
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positioned in a neutral or supinated position in order 
to decrease pressure on the ulnar groove. When the 
patient’s arms are tucked, the forearms should be in 
the neutral position. Positions that stretch the ham-
string should not exceed beyond stretch that was com-
fortable in the awake patient (this increases the risk of 
sciatic nerve stretch). When patients are placed in the 
lithotomy position, pressure on the peroneal nerve near 
the fibular head from contact with a rigid support may 
increase the risk of neuropathy. Therefore, prolonged 
pressure on this site should be avoided. Protective pad-
ding of pressure points may help decrease the risk of 
injury. Vigilance with frequent assessment of patient 
positioning is essential to avoid complications.

4.6.5 Awareness

The incidence of intraoperative awareness during 
general anesthesia is 1–2 per 1000 cases [34]. Potential 
risk factors include previous episode of intraopera-
tive awareness, history of difficult intubation or antici-
pated difficult intubation, substance use or abuse, 
chronic pain patients using high doses of opioids, ASA 
physical status of IV or V, and limited hemodynamic 
reserve. Other potential risk factors include cardiac 
surgery, cesarean delivery, trauma and emergency 
surgery, reduced anesthetic doses in the presence of 
paralysis, planned use of muscle relaxants during the 
maintenance of anesthesia, and planned use of nitrous 
oxide–opioid anesthesia [35].

The ASA has published a practice advisory listing 
strategies that may prevent or reduce the frequency of 
unintended intraoperative awareness [35]. The first step 
in prevention of awareness is to ensure proper function 
of the anesthesia machine and other equipment used to 
administer anesthetics, ideally with a checklist protocol. 
The decision to administer a benzodiazepine prophy-
lactically and use of a brain function monitor should 
be made on a case-by-case basis for selected patients. 
However, recent studies have reported that the use of 
the bispectral index (BIS) monitor, as compared with the 
use of end-tidal anesthetic-agent concentration, does not 
reduce awareness during anesthesia [36,37]. Episodes of 
intraoperative awareness should be reported and docu-
mented, and the patient should be offered counseling or 
psychological support [35].

4.7 Complications of Regional Anesthesia

4.7.1 Postdural Puncture Headache

Postdural puncture headache (PDPH) is a well-known 
complication of either advertent or inadvertent puncture 

of the dura with a needle for spinal or epidural anes-
thesia. The classic presentation of PDPH is a frontal or 
occipital headache that is relieved by the supine posi-
tion and exacerbated by sitting or standing up. One 
mechanism for PDPH is thought to be traction on the 
meninges, secondary to loss of cerebral spinal fluid vol-
ume. The incidence of inadvertent dural puncture dur-
ing epidural placement is highly operator-dependent. 
Once dural puncture occurs, the incidence of PDPH is 
related to needle gauge and needle design. Larger and 
beveled (Quincke) needles are associated with a higher 
incidence of PDPH than smaller and pencil-point nee-
dles. Other risk factors for PDPH include female gender, 
pregnancy, younger age, and history of headache prior 
to the lumbar puncture.

Strategies to prevent PDPH include orienting needle 
bevel parallel to the longitudinal axis of the body, use 
of a needle with a noncutting edge, and having the pro-
cedure performed by an experienced and nonfatigued 
provider [38].

Conservative treatment for PDPH includes hydration 
and administration of caffeine. Epidural blood patch is 
the treatment for PDPH that fails conservative manage-
ment, and its success rate is 70%–98% if performed more 
than 24 h after the dural puncture [39].

4.7.2 Neuraxial Hematoma

The risk of neuraxial hematoma is <1 in 150,000 for epi-
dural anesthesia and <1 in 220,000 for spinal anesthesia. 
Risk factors that increase the risk of bleeding are age, 
abnormalities of the spinal cord or vertebral column, 
coagulopathy, difficult needle placement, and antico-
agulation therapy. About one-third to one-fourth of 
neuraxial hematoma cases have been associated with 
anticoagulation therapy. Due to the rarity of this com-
plication, prospective randomized controlled trials are 
lacking to help guide management of neuraxial anesthe-
sia in patients who receive or will receive anticoagulation 
therapy. The American Society of Regional Anesthesia 
(ASRA) consensus statement regarding regional anes-
thesia and anticoagulation is based on case reports and 
known risk factors for surgical bleeding [40].

At this time, Class I evidence for preventive strategies 
is lacking. The complication of neuraxial hematoma 
may be prevented by appropriate patient selection, care-
ful review of medication and coagulopathy history, and 
adherence to the ASRA Practice Advisory.

4.7.3 Complications of Peripheral Nerve Blocks

Complications of peripheral nerve blocks include 
hematoma, infection, nerve injury, and local anesthetic 
systemic toxicity. All of these complications occur infre-
quently, and their incidence is difficult to define.
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Fredrickson et al. [41] performed a prospective study 
to determine the incidence of neurological complica-
tions following 1010 peripheral nerve blocks over a 
3-year period. Nerve blocks performed included inter-
scalene, supraclavicular, infraclavicular, sciatic, and 
femoral nerve blocks. The authors reported an incidence 
of all-cause neurological symptoms of 8.2% at 10 days, 
3.7% at 1 month, and 0.6% at 6 months.

While use of ultrasound has improved the efficacy of 
peripheral nerve blocks, current studies lack the power 
to determine if its use has decreased complications such 
as nerve injury and anesthetic toxicity [42].

ASRA has a practice advisory on neurologic compli-
cations in regional anesthesia and pain medicine with 
recommendations based on expert opinion [43]. The 
practice advisory states that patients with prior history 
of nerve injury may be at increased risk for block-related 
injury. Abnormally painful paresthesia or pain on injec-
tion of local anesthetic should prompt stopping for 
repositioning of the needle. Although administration of 
general anesthesia or heavy sedation precludes patient 
recognition of an abnormal sensation, the impact on the 
actual occurrence of injury has not been determined. 
Absence of nerve function or progression of a deficit 
beyond the expected duration of anesthesia should lead 
to urgent neurological or neurosurgical consultation.

4.7.4 Local Anesthetic Systemic Toxicity

Local anesthetic systemic toxicity (LAST) affects the 
central nervous and cardiovascular systems. The clini-
cal presentation at its worst presents with generalized 
seizure activity and/or cardiovascular collapse. Such a 
severe presentation is usually secondary to inadvertent 
intravascular injection. The incidence of LAST has sig-
nificantly decreased over the past 20 years due to the 
advent of multiple safety steps. Intravascular test dosing 
with a local anesthetic containing a small dose of epi-
nephrine (15 μg) is the most reliable method to rule out 
intravascular injection. Prevention has also improved 
due to the practice of incremental injections and adher-
ence to maximum dosage recommendations [44].

Treatment of LAST requires airway assessment and 
intervention as needed to prevent hypoxia and acidosis. 
The next priority is seizure suppression. ACLS protocol 
should be initiated promptly if cardiac arrest occurs. 
Once these three priorities have been addressed, lipid 
emulsion therapy should be initiated to reverse signs 
and symptoms of toxicity [45]. Cardiopulmonary bypass 
should be considered for patients who do not respond 
to lipid emulsion and vasopressors. A website has been 
developed as a readily available source of information 
for the treatment of LAST (www.lipidrescue.org).

4.8 Systemic and Metabolic Complications

4.8.1 Malignant Hyperthermia

Malignant hyperthermia (MH) is a pharmacogenetic 
disorder with deregulation of skeletal muscle contrac-
tion triggered by volatile anesthetics or depolarizing 
neuromuscular blocking drugs in genetically suscep-
tible patients. Even when promptly and appropriately 
treated, this disorder has a significant risk of morbidity 
and mortality.

The incidence of MH in the United States has recently 
increased (13.3 patients per million hospital discharges), 
and its mortality remains elevated [46]. Reports of inci-
dence and prevalence vary in the literature, likely due to 
geographical differences.

Clinical signs of MH include masseter spasm, muscle 
rigidity, hypercarbia, tachycardia, elevated temperature, 
sweating, and cardiac dysrhythmias. The clinical pre-
sentation must be differentiated from other disorders 
with similar signs such as sepsis, thyroid storm, pheo-
chromocytoma, and neuroleptic malignant syndrome. 
The only specific and effective drug available for the 
treatment of MH is dantrolene. It is important to imme-
diately call for help, because preparation and adminis-
tration of dantrolene is cumbersome. Triggering agents 
should be immediately discontinued, and the patient 
should be actively cooled. Severe metabolic acidosis 
can be treated with sodium bicarbonate. The Malignant 
Hyperthermia Association of the United States has 
made available a 24 h hotline for emergency consulta-
tion (1–800-MH-HYPER).

4.8.2 Latex Allergy

Latex allergic patients are at risk for inadvertent expo-
sure to latex in the perioperative period and therefore 
at risk for anaphylactic reactions. The incidence of 
latex allergy among the general population is <1% [47]. 
However, there is a higher prevalence of latex allergy 
among health care workers, patients with spina bifida, 
and children with urogenital abnormalities.

Preventive measures are highly effective for evading 
this complication. This begins with obtaining a thorough 
medical history. There must be communication with the 
anesthesia, surgical, and nursing teams to ensure avoid-
ance of latex-containing products and devices. Signs 
should be placed throughout the operating room as 
reminders, especially if there will be change of provid-
ers. The efficacy of interventional preventive measures 
such as pharmacologic prophylaxis or desensitization 
therapy is undetermined [48].
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4.9 Other Complications

4.9.1 Corneal Abrasion

Eye injury occurred in 3% of the claims in the ASA 
Closed Claims Project database [1]. Of these, 35% were 
described as corneal abrasions. A study of 60,965 cases 
that reviewed eye injuries after nonocular surgery 
found corneal abrasion to be the most common injury, 
with 21 occurrences [49].

Risk factors for corneal abrasion include longer 
length of surgery, increased age, general anesthesia, 
surgery of the head and neck, and surgery in the lat-
eral position [49]. Taping the eyelids closed and the 
use of soft contact lenses and ointments are effective 
at decreasing the risk of this complication. Corneal 
abrasions usually heal within 24 h. However, ulcer-
ation can develop, and ophthalmologic consultation is 
recommended.

4.9.2 Operating Room Fire

Three components must be present for fire to occur. 
These are fuel, an ignition source, and an oxidizer 

(“the fire triad”). Prevention of operating room fires 
is best achieved by isolation of the three components, 
although this is not always possible. Every surgery 
should be assessed for fire risk; high-risk surgeries are 
those in which an ignition source will be used near an 
oxidizer (e.g., laser surgery near an endotracheal tube).

The ASA Practice Advisory for the Prevention and 
Management of Operating Room Fires [50] recommends 
various preventive strategies. These include minimiz-
ing the presence of an oxidizer-enriched atmosphere 
in proximity to an ignition source, positioning surgical 
drapes in a manner that will minimize accumulation 
of oxidizers under the drapes and prevent flow into the 
surgical site, allowing flammable skin-prepping solu-
tions to adequately dry before draping, and moistening 
gauze and sponges when used in proximity to an igni-
tion source.

In the event of an operating room fire (airway fire or 
otherwise), the flow of airway gases should be stopped 
and all flammable materials should be removed from 
the patient. The fire should be extinguished with saline, 
water, or smothering. If attempts to extinguish the fire 
by the aforementioned methods fail, a carbon dioxide 
fire extinguisher should be used [50].

Complications of Anesthesia

Complications Incidence References Comments

Sore throat 30%–70% [2] Range is for post-tracheal 
intubation

Dental injury 0.02%–0.07% [3]
Airway injury 7% [1]
Bronchospasm 1.6:1000 [8]
Aspiration 0.7–4.7:10,000 [10]
POPE 0.05%–0.1% [12]
MI/cardiac death 1%–5% [16] Combined incidence of cardiac 

death and nonfatal MI for 
intermediate-risk surgerya

Dysrhythmias 70% [17,18] Only 1.6% require intervention
Renal dysfunction 0.8% [19] For noncardiac surgery
Stroke 0.2%–0.7% [22] For general surgery
Cognitive dysfunction 19.2% [28] Incidence for middle-aged patients 

at 1 week after surgery
Visual loss 0.002% [30] 0.2% for spine and cardiac surgery 

combined
Awareness 1–2:1000 [34]
Postdural puncture 
headache

<2%–70% [38] Varies depending on needle size 
and type

Spinal hematoma 1:220,000 [40]
Epidural hematoma 1:150,000 [40]
Malignant hyperthermia 13.3:1,000,000 [46]
Latex allergy <1% [47]

a Intermediate risk surgery includes intraperitoneal, intrathoracic, carotid, head and neck, ortho-
pedic, and prostate surgery. It excludes aortic, major vascular, and peripheral vascular surgery.
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Preventive Measures for Anesthesia Complications

Complications Preventive Measures References

Sore throat • LMA
• Systemic or topical lidocaine
• Monitor tracheal tube cuff pressure

[2]

Dental injury • Careful laryngoscopy
• Use of mouth guards and soft bite blocks

[3]

Airway injury • Laryngoscopy by an experienced practitioner
• Appropriate tracheal tube size and position
• Avoid tracheal tube cuff overinflation

[4]

Laryngospasm • Avoid extubation during stage II of anesthesia [12]
Atelectasis • Intraoperative use of PEEP

• Lower inspired oxygen concentration
• Incentive spirometry and CPAP

[5–7]

Bronchospasm • Preoperative medical optimization
• Avoid airway instrumentation when possible
• Adequate depth of anesthesia before intubation
• Deep extubation in selected cases

[8,9]

Aspiration • Adherence to fasting guidelines
• Rapid sequence induction
• Consider awake intubation when difficult airway suspected

[10,11]

POPE • Use of a bite block to prevent tracheal tube obstruction
• Avoid extubation during stage II of anesthesia
• Immediate relief of upper airway obstruction

[12,13]

Myocardial ischemia/
infarction

• Evaluate and treat patients with active cardiac conditions as per the ACC/AHA guidelines
• Beta-blockers and statins should be continued in the perioperative period
• Coronary revascularization in select cases (see text)

[16]

Dysrhythmias • Avoid direct mechanical irritation by central catheters
• Correct electrolyte abnormalities

[18]

Renal dysfunction • Appropriate hydration
• Avoid hypotension
• Avoid nephrotoxins

[19,20]

Hepatic dysfunction • Maintain adequate systemic perfusion and oxygenation [21]
Stroke • Maintain blood pressure close to baseline

• Continuation of antiplatelet therapy whenever possible
[22,25]

Visual loss • Monitor blood pressure continuously and hemoglobin or hematocrit during surgery in 
patients at risk

• Position with head level at or above heart level
• Avoid direct pressure on eyes
• Consider staged procedures

[31]

Nerve injury • Appropriate positioning and padding of pressure points [33]
Awareness • Check proper function of anesthesia equipment

• Prophylactic administration of a benzodiazepine
• Monitor end-tidal anesthetic concentration

[35]

Postdural puncture 
headache

• Experienced practitioner
• Use of a pencil-point needle
• Use of a smaller gauge needle

[38]

Neuraxial hematoma • Appropriate patient selection
• Careful review of medication and coagulopathy history
• Adherence to ASRA recommendations regarding neuraxial anesthesia and anticoagulation

[40]

Local anesthetic 
systemic toxicity

• Follow dosage recommendations
• Incremental injection
• Test dosing with epinephrine

[44]

Malignant hyperthermia • Avoid succinylcholine and volatile anesthetics in MH-susceptible patients [46]
Latex allergy • Avoid latex-containing products and devices

• Effective communication
• Post warning signs

[47,48]

Corneal abrasion • Taping eyelids closed
• Consider eye ointment/lubricant in long cases

[49]

Operating room fire • Minimize oxidizers near the ignition source
• Appropriate placement of surgical drapes
• Moistening of potential fuel

[50]
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Respiration is a complex physiologic process that involves 
coordinated functioning of the different components of the 
respiratory system. Acute dysfunction of one or more of these 
components may result in inability to meet the metabolic 
requirements of the tissues in terms of oxygen delivery or car-
bon dioxide removal. Such impairment is not infrequent after 
surgery, trauma, or both and may result from a multitude of 
causes. Recognition of the more common of these causes will 
allow the preoperative determination of which patients are at 
a high risk of respiratory dysfunction and may allow modifica-
tion of risk factors.

In order to effectively manage pulmonary dysfunction, a 
thorough understanding of the principles of mechanical ven-
tilation is crucial. An evidence-based approach to the most 
severe form of respiratory failure, acute respiratory distress 
syndrome (ARDS), is essential for a potentially successful 
outcome. Finally, some other causes of respiratory failure in 
this setting require physicians to maintain a high index of sus-
picion. Awareness of these conditions may allow earlier recog-
nition and, therefore, earlier treatment.

This chapter emphasizes the definition and scope of the 
problem and provides the basics of mechanical ventilation as 
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applied to the management of acute respiratory failure, the 
evidence behind the current strategies used to treat ARDS, 
and some less common causes of respiratory failure that are 
unique to surgical and trauma patients.

5.1 Respiratory Failure

5.1.1 Definitions

Respiratory failure is defined as the failure of the respi-
ratory system to oxygenate blood or remove carbon 
dioxide at levels that are commensurate with the meta-
bolic requirements of the tissues. The development of 
acute severe hypoxemia in the presence of bilateral lung 
infiltrates and in the absence of evidence of cardiac dys-
function constitutes a severe form of acute respiratory 
failure. This condition is further characterized on the 
basis of the ratio of partial pressure of arterial oxygen 
(PaO2) to the fraction of inspired oxygen (FiO2) (the PF 
ratio). Accordingly, a PF ratio of <300 indicates acute 
lung injury (ALI), whereas a PF ratio of <200 indicates 
ARDS (Table 5.1) [1].

5.1.2 Classifications

Traditionally, respiratory failure is classified according 
to the resultant abnormalities in the results of blood gas 
analysis. It is termed hypercarbic if the partial pressure of 
carbon dioxide in arterial blood (PaCO2) is >45 mmHg, 
hypoxemic if the PaO2 is <55 mmHg at an FiO2 of greater 
than or equal to 0.6, or combined if a mixed picture exists.

These categories are best understood by dividing the 
respiratory system into two functionally distinct por-
tions. The respiratory pump consists of the central nervous 
system, the peripheral nervous system, the respiratory 
muscles, and the chest wall. It functions to deliver air 
from the atmosphere to the alveoli. Its dysfunction 
results in hypoventilation characterized predominantly 
by hypercarbia. Various degrees of associated hypox-
emia occur. The alveoli compose the gas exchange units. 
Their dysfunction causes respiratory failure marked 
by hypoxemia, which results from collapse or flooding 
of the alveoli. Flooding of the alveoli occurs when the 
alveoli is filled with purulent material, blood, or fluid. 

The decreased compliance increases the work of breath-
ing and causes dyspnea and tachypnea. Postoperative 
respiratory failure is often a multifactorial process that 
results in a combination of hypoxemia and hypercarbia.

5.1.3 Epidemiology

Common respiratory problems that develop after sur-
gery and trauma include atelectasis, bronchospasm, 
exacerbation of underlying chronic lung disease, 
pneumonia, pulmonary embolism, ALI, and ARDS. 
Approximately 5% of patients undergoing surgical 
intervention will experience one or more of these condi-
tions, and approximately 1% will experience respiratory 
failure severe enough to necessitate mechanical ventila-
tion for more than 24 h [2]. The occurrence of these prob-
lems not only increases the length of stay in the hospital 
and in the intensive care unit (ICU), but also is respon-
sible for 25% of postoperative deaths [3].

Trauma and burns are an important cause of respira-
tory failure, especially among patients <30 years old [4]. 
ARDS occurs among 12% of critically ill trauma patients 
who are admitted to ICUs and carries a mortality rate 
of 16%, whereas ALI occurs among 4% of such patients 
and carries an associated mortality rate of 9% [5]. Risk 
factors that predispose patients to the development of 
ARDS after trauma include long-bone fractures, pel-
vic fractures, head injury, direct chest trauma, tissue 
hypoxia, and massive blood transfusion [6].

5.1.4 Determination of Risk

Risk factors may primarily be patient-related, procedure- 
related, or a combination of the two. Patient-related risk 
factors include smoking, poor general health status, 
chronic obstructive pulmonary disease (COPD), and 
asthma. The relative risk of complications for smokers 
is 4.3, whereas that for nonsmokers is 1.4 [7]. Smoking 
cessation for at least 8 weeks preoperatively is required 
if a beneficial effect is to be observed. The presence of 
underlying COPD increases the relative risk of pulmo-
nary complications from 2.7 to 4.7 and imposes a 5% risk 
of respiratory failure [8].

Procedure-related risk factors include the type of 
operative procedure performed, the type of anesthesia 
used, the nature of the neuromuscular agent employed, 
the duration of surgery, and the adequacy of pain relief. 
Upper abdominal and thoracic surgical procedures 
impair respiration by deranging pulmonary mechan-
ics. Therefore, lesser degrees of dysfunction occur with 
minimally invasive procedures such as laparoscopic 
operations and video-assisted thoracoscopic surgery. 
The use of general anesthesia is associated with a loss 
of muscle tone in the diaphragm and intercostal mus-
cles, cephalad movement of the diaphragm, a decrease 

TABLE 5.1

Definition of ARDS and ALI

Acute onset
PaO2/FiO2 ratio <300 for ALI and <200 for ARDS. Bilateral chest 
infiltrates as demonstrated by chest radiograph. Pulmonary artery 
occlusion pressure 18 mmHg or less or the absence of clinical 
evidence of left atrial hypertension
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in transverse thoracic diameter, a drug-induced reduc-
tion in the respiratory drive, and an impaired response 
to CO2. These effects cause a 20% reduction in functional 
residual capacity and also result in compressive atelec-
tasis, increased shunt fraction, and impaired hypoxic 
pulmonary vasoconstriction [9]. The use of long-acting 
neuromuscular blocking agents (e.g., pancuronium) also 
contributes to impaired muscle function and an increased 
risk of complications. Prolonged surgical procedures 
also result in greater pulmonary dysfunction. Providing 
inadequate pain relief results in splinting with a reduc-
tion in deep breathing and a decrease in coughing. Both 
of these responses cause atelectasis and retained secre-
tions, which promote respiratory dysfunction.

Preoperative education of patients about the tech-
niques for lung expansion, deep-breathing exercises, 
and the use of incentive spirometry is beneficial. Options 
for adequate pain control, such as epidural analgesia and 
intercostal nerve blocks, can also be planned for patients 
who are at risk of complications.

5.2 Principles of Mechanical Ventilation

5.2.1 Overview

The goal of mechanical ventilation is clear: to maintain 
oxygenation and ventilation, thereby allowing time for 
the underlying disease to heal and for the patient to inde-
pendently resume these functions. It provides the time 
required for other measures, normal healing, or both, to 
bring about healing without causing further damage to 
the lung. No ideal method of ventilation exists, but the 
features of commonly employed methods are outlined 
in Table 5.2.

5.2.2 Noninvasive Positive-Pressure Ventilation

Endotracheal intubation, a key component of positive-
pressure mechanical ventilation, is associated with 
several complications such as upper airway trauma, 
nosocomial pneumonia, and sinusitis. The use of intu-
bation prolongs hospital stay and increases the costs 
associated with ICU resource utilization. Noninvasive 
positive-pressure ventilation (NIPPV) combines pres-
sure support and positive end-expiratory pressure 
(PEEP) delivered via a nasal or facial mask. Although 
initially studied as a means of avoiding intubation 
during exacerbations of COPD, NIPPV is now increas-
ingly being applied in settings of interest to surgeons. 
These settings include perioperative acute respiratory 
failure due to obstructive sleep apnea in the morbidly 
obese, hypoxemic respiratory failure due to pneumo-
nia, ARDS, trauma, and cardiogenic pulmonary edema. 

NIPPV improves oxygenation, reduces the need for 
endotracheal intubation, decreases septic complications, 
reduces the length of ICU stay, and lowers mortality 
rates [10].

Postoperative indications for NIPPV include a PaCO2 
higher than 50 mmHg, a PaO2 lower than 60 mmHg, 
and respiratory muscle fatigue. Its use may preclude 
reintubation because of respiratory failure, which may 
occur in association with 5%–20% of planned extuba-
tions [11] and 40%–50% of unplanned extubations [12]. 
Its successful application requires the ability to protect 
the airway, a spontaneously breathing patient, intact 
dentition, absence of facial trauma, minimal secretions, 
and the absence of severe acid–base and gas derange-
ments. Contraindications to NIPPV include respiratory 
arrest, inability to protect the airway, hemodynamic 
instability, excessive secretions, uncooperative or 

TABLE 5.2

Key Features of the More Commonly Employed Methods of 
Ventilation

Assist-control: Relates to the control process of the breath. The assist 
portion is controlled by the patient; the control portion is 
controlled by the ventilator. The patient’s triggering may be based 
on flow or pressure. Once initiated, the breath may be controlled 
by flow or pressure.

Intermittent mandatory ventilation/synchronized intermittent mandatory 
ventilation: The ventilator delivers a predetermined number of 
controlled breaths; the patient breathes spontaneously between 
mandatory breaths. The controlled breath may be controlled by 
flow or pressure. The spontaneous breaths may be augmented by 
pressure support.

Pressure support ventilation: The breath must be triggered by the 
patient; after initiation, inhalation is assisted by a predetermined 
amount of pressure. Inspiration ceases when the flow falls below a 
certain predetermined rate. Requires an intact respiratory drive; 
used for weaning.

Mandatory minute ventilation: In this method, the minimum minute 
ventilation is set by the clinician. The patient breathes 
spontaneously with or without pressure support. The difference 
between the spontaneous and set-minute ventilation is delivered as 
mandatory breaths with set tidal volume and flow. This method 
allows patients to take over a greater portion of their breathing 
efforts.

Volume-assured pressure ventilation: Used for patients who are 
breathing spontaneously. The minimal tidal volume is set. The 
patient initiates a pressure-supported breath. If the volume falls 
below the preset minimum, the ventilator completes the breath by 
delivering additional constant flow at increasing pressures.

Volume support: The patient initiates the breath with clinician-
determined pressure support. The machine determines the 
generated tidal volume and adjusts this pressure support to 
maintain a minimal target tidal volume.

Pressure-regulated volume control: A form of controlled ventilation in 
which, at a preset rate, the machine regulates the inspiratory 
pressure to generate a target tidal volume.

Airway pressure release ventilation: Here, the upper and lower 
continuous airway pressures are set as are the pressure release time 
and the frequency of release.
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agitated patients, inability to fit the mask, and upper 
airway or upper gastrointestinal surgery.

NIPPV is administered through an oronasal mask, 
with a change to a nasal mask if a prolonged duration 
of support is anticipated. Inspiratory support is begun 
at 8–10 cmH2O and is increased as tolerated. Support 
is maintained at <20 cmH2O so that discomfort due to 
sinus pain, gastric distention, or both, can be avoided. 
A trial-and-error method is used to identify the opti-
mal degree of support. Expiratory support begins at 
5 cmH2O and is increased as necessary. With increases in 
expiratory pressure, the inspiratory pressures must be 
increased so that the pressure support can be kept con-
stant. Supplemental oxygen is provided so that oxygen 
saturation can be maintained at >90%. Humidification 
improves patient tolerance and the ability to deal with 
secretions. A nasogastric tube is not routinely used 
because it breaks the seal. Complications include nasal 
bridge edema, erythema, and ulceration, as well as nasal 
congestion, sinus or ear pain, mucosal dryness, eye irri-
tation, and gastric insufflation. Rarely, pneumothorax, 
hypotension, or aspiration may occur.

5.3  Acute Lung Injury and Adult 
Respiratory Distress Syndrome

ALI and ARDS are severe forms of respiratory dysfunc-
tion that may occur as the result of a multitude of causes. 
These causes either may involve mechanisms that bring 
about direct injury to pulmonary tissue or may represent 
the pulmonary response to a systemic insult that sets 
into motion a cascade of events culminating in inflam-
mation. Common causes of direct injury to pulmonary 
tissue include aspiration, pneumonia, toxic inhalation, 
lung contusion, and near drowning. Common causes of 
indirect injury include severe sepsis, shock, multisys-
tem trauma, burn injury, pancreatitis, cardiopulmonary 
bypass, and drug overdose. Of these, trauma, aspira-
tion, and sepsis are the most common predisposing 
causes [13]. Among trauma patients, an injury severity 
scale (ISS) score of more than 25 and pulmonary contu-
sion are the primary risk factors that predispose patients 
to the development of ARDS.

Clinically, the condition is characterized by impaired 
oxygenation, decreased pulmonary compliance, and 
normal or supranormal cardiac function. These features, 
which have been incorporated into the definition jointly 
developed by the American–European Consensus 
Conference [1], include a PF ratio of <300 for ALI and 
<200 for ARDS, bilateral pulmonary infiltrates, and the 
absence of evidence of left heart dysfunction, either 
clinically or on the basis of pulmonary artery catheter 

(PAC) measurements. Intrapulmonary shunting is a pri-
mary mechanism of the observed hypoxemia, whereas 
the combination of increased dead space fraction and 
reduced compliance results in an increase in the work 
of breathing. Together, these factors result in a form of 
respiratory failure characterized by hypoxemia, hyper-
carbia, and acidosis.

Histologically, ARDS is characterized by diffuse pul-
monary inflammatory infiltrates, interstitial and alveo-
lar edema, loss of type II pneumocytes, depletion of 
surfactant, deposition of hyaline membranes, and, in 
long-standing cases, fibrosis [14].

Although ARDS is the most common cause of pulmo-
nary infiltrates associated with hypoxemia in the criti-
cally ill patient, it is not the only cause. The differential 
diagnosis includes acute interstitial pneumonia, acute 
eosinophilic pneumonia, bronchiolitis obliterans orga-
nizing pneumonia, diffuse alveolar hemorrhage, and 
acute hypersensitivity pneumonitis. These conditions 
should be suspected in the appropriate clinical setting, 
especially when acute pulmonary dysfunction with fea-
tures of ARDS develops in the absence of an identifiable 
precipitating cause. Diagnosis is made by characteristic 
findings on bronchoscopy or is based on the appear-
ance of the tissue during open lung biopsy. Treatment 
depends on the underlying cause and usually involves 
the administration of steroids.

Because ARDS is associated with high mortality and 
morbidity rates, the optimal management of the disease 
remains an elusive goal. However, important advances 
in our understanding of the pathophysiology of the dis-
ease process have led to an evidence-based approach.

5.3.1  Identification and Treatment of 
Underlying Disorders and Infections

Identification and possible control of the inciting event 
are important first steps in the treatment of ARDS. They 
remove the source of continued stimulation that gen-
erates the inflammatory cascade responsible for per-
petuation and potentiation of the lung injury. The early 
identification of any associated or subsequent infection 
and its aggressive and appropriate treatment cannot be 
overemphasized.

5.3.2 Lung-Protective Ventilation Strategies

An important advancement in the management of 
ARDS has been the recognition of the beneficial effects 
of lung-protective ventilation strategies. The reduction 
in mortality rates was demonstrated in two clinical trials 
[15,16], whereas three other contemporaneous studies 
failed to demonstrate any benefit [17–19]. There are sev-
eral possible explanations for the observed differences 
in outcome. First, the tidal volumes used in the control 
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arms of the studies that demonstrated a difference were, 
by current standards, excessive. These nonphysiologic 
tidal volumes may have resulted in excessive mortality 
in the control arm, thereby giving an impression of ben-
efit from low tidal volumes. Second, in studies showing 
benefit, additional lung-protective strategies, such as 
a higher PEEP and lung-recruitment maneuvers, were 
employed. These strategies may have had an additive 
effect on limited tidal volumes with resultant benefit. 
Third, respiratory acidosis was aggressively controlled 
in the National Institutes of Health (NIH) trial with 
increases in respiratory rate for a pH lower than 7.30 
and bicarbonate infusions for a pH lower than 7.2. Such 
an approach was not emphasized in the studies that did 
not show a benefit. Finally, in the NIH trial, the tidal 
volumes were based on predicted and not actual body 
weight. Despite these shortcomings, the ARDS Network 
trial represents the best evidence currently available and 
should be the benchmark against which future trials are 
compared.

Limitation of airway pressures is another key tenet. 
The plateau pressure is regularly monitored and 
maintained at or below 30 cmH2O. Lung-recruitment 
maneuvers are recommended and should be regularly 
performed [20]. Several techniques of recruitment have 
been successfully employed, including sustained con-
tinuous positive airway pressure for 30–40 s, traditional 
sigh breaths, extended sighs, intermittent high levels 
of PEEP, and brief periods of super-PEEP. Higher than 
normal levels of PEEP are required for maintaining lung 
volume after a recruitment maneuver. Although these 
high levels of PEEP produce a short-term improvement 
in oxygenation, they have not been shown to provide 
long-term benefits.

5.3.3  Optimal Positive End–Expiratory Pressure for 
Patients with Adult Respiratory Distress Syndrome

Selection of the optimal level of PEEP is another key 
component in the management of ARDS. The elastic 
forces of the lung tissue and the surface tension within 
the alveoli determine the end-expiratory alveolar vol-
ume. Inadequate PEEP and altered surface tension, 
presumably due to reduced or altered production of 
surfactants, allow end-expiratory alveolar collapse. This 
condition results in shunting and persistent hypoxemia. 
Furthermore, the alveoli are once again recruited during 
the inspiratory phase of tidal ventilation. The resultant 
repetitive derecruitment and recruitment lead to poten-
tiation of the lung injury. Using adequate levels of PEEP 
maintains alveolar volume at the end of expiration, pre-
vents derecruitment, and yields an open lung pattern of 
ventilation. It additionally attenuates pulmonary edema 
and maintains an adequate functional residual capac-
ity. At the other end of the spectrum, excessive PEEP 

is equally detrimental. At high levels of PEEP, cardiac 
output is diminished as a consequence of decreased 
venous return due to increased intrathoracic pressures 
and impaired distention of the right heart, which limits 
its filling. Also, the resultant alveolar distention com-
presses the pulmonary vasculature, thereby increasing 
the pulmonary vascular afterload. Hence, if maximal 
benefit is to be obtained, PEEP must be maintained at its 
lowest effective level.

Several techniques have been used for determining 
the optimal level of PEEP. It is recognized that the lower 
inflection point of the pressure–volume curve represents 
the beginning of recruitment. By using this measurement 
as the reference point, PEEP is maintained at 2 cmH2O 
above the lower inflection point. Improved survival 
is seen when low tidal volumes are combined with a 
PEEP that has been titrated with this technique [15]. 
Alternatively, PEEP may be titrated above the closing 
pressure of the deflection limb or may be adjusted by 
decrements. In this technique, maximal levels of PEEP 
are applied at the beginning, usually 20–25 cmH2O. 
Then, while PO2 is monitored, PEEP is reduced in dec-
rements of 2 cmH2O until the minimum PEEP that 
results in maximal oxygenation has been determined. 
Yet another technique involves measuring the internal 
thoracic diameter in centimeters and multiplying this 
measurement by a factor of 0.8.

5.3.4 High-Frequency Ventilation

Recognition of the beneficial effects of strategies, 
with an emphasis on strategies that limit ventilator-
associated ALI, has generated interest in alternative 
methods of ventilation. One such approach is the use of 
high-frequency ventilation, a technique that employs 
very high respiratory rates in conjunction with very 
small tidal volumes that are less than the anatomical 
dead space.

Although several methods of high-frequency venti-
lation exist (viz., high-frequency oscillatory ventilation 
[HFOV], high-frequency jet ventilation, and high-
frequency positive-pressure ventilation), all employ a 
similar physiologic principle. In HFOV, oxygenation 
at a given FiO2 is proportional to the mean airway 
pressure (Paw) and the resultant lung volume. The Paw 
is adjusted either by changing the resistance at the 
end of the bias flow circuit or by changing the rate of 
bias flow. Ventilation is controlled by changes in the 
amplitude of the oscillating membrane (DP). With this 
method of ventilation, the tidal volume and frequency 
are inversely related. Hence, the level of carbon dioxide 
can be reduced by increasing the DP, decreasing the fre-
quency, or both. Because both inspiration and expiration 
are active events, the incidence of dynamic hyperinfla-
tion is reduced.
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The efficacy of HFOV is probably the result of sev-
eral mechanisms, such as bulk convection, pendu-
luft, cardiogenic oscillations, asymmetric velocity 
profiles, augmented dispersion, and molecular diffu-
sion. Theoretically, this method of ventilation may have 
several benefits in preventing VALI. First, the use of 
small tidal volumes with minimal variation around the 
mean airway pressure and mean lung volumes allows 
for more effective oxygenation and reduction of FiO2. 
Second, HFOV can be adjusted to avoid atelectasis or 
overdistention. Finally, oxygenation and ventilation are 
decoupled.

Despite these potential benefits, HFOV is currently 
used most frequently in the setting of rescue therapy 
when conventional ventilation fails. Even under such 
circumstances, its use results in improved oxygenation; 
however, results are better if HFOV is begun early 
[21,22]. Recognizing the importance of lung recruit-
ment is crucial and is best achieved by setting the mean 
airway pressure 4–8 cmH2O greater than that being 
used for conventional ventilation. The pressure is then 
titrated to achieve adequate oxygenation. The patient is 
weaned from FiO2 before the mean airway pressure is 
reduced.

5.3.5  Inhaled Nitric Oxide in the Management 
of Acute Respiratory Distress Syndrome

Nitric oxide (NO) is synthesized by numerous cell types 
from l-arginine and oxygen by a group of enzymes 
called nitric oxide synthetases. When nitric oxide is 
administered by the inhaled route (iNO), its high lipid 
solubility allows rapid diffusion across epithelial cells 
and access to the pulmonary vasculature. Because NO 
possesses a high affinity for hemoglobin, a portion of 
the iNO enters the pulmonary vasculature, where it is 
rapidly inactivated by binding to the hemoglobin in 
red cells. The remainder enters the smooth muscle cells 
of the pulmonary arterioles and causes vasodilatation. 
It modulates pulmonary vascular tone in healthy 
people and also functions as a pulmonary vasodilator 
in a variety of conditions that cause pulmonary 
hypertension.

When NO is inhaled, its distribution is limited to 
well-ventilated areas; hence, it does not reverse hypoxic 
pulmonary vasoconstriction. Furthermore, the resultant 
distribution of ventilation–perfusion is improved when 
blood is moved away from poorly ventilated areas 
to areas with better ventilation [23]; this movement 
improves oxygenation. Additional pulmonary effects 
include a reduction in the shunt fraction, relaxation of 
bronchial smooth muscles, a decrease in pulmonary 
capillary permeability because of a reduction in pulmo-
nary venous tone, a decrease in oxidant injury, and a 
reduction in cytokine levels.

Initial studies [23] found that iNO produces a dose-
related pulmonary vasodilatory response, with a 
decrease in pulmonary artery pressure, without substan-
tial effects on the systemic circulation. They also found 
greater venous dilation than arterial dilation of the pul-
monary system, with resultant reductions in pulmonary 
capillary pressure. These vascular changes result in acute 
improvements in oxygenation, a phenomenon associated 
with rebound on abrupt discontinuation of the drug. 
Several randomized controlled studies [24–26] have 
observed transient improvements in oxygenation; how-
ever, the effects have not been sustained. Furthermore, 
the improvement in oxygenation has not translated to 
improvements in mortality rates or in reductions in the 
number of ventilator-free days. Therefore, iNO improves 
the physiologic parameters but does not affect outcome.

There are several explanations for the lack of success 
with iNO. Until now, the dose of iNO has been titrated 
so that it maximizes oxygenation. At these doses, only 
small changes in pulmonary artery pressure have been 
seen. Higher doses that target the pulmonary artery 
pressure rather than oxygenation may be of benefit. 
Also, the benefit of improved oxygenation may have 
been overshadowed by the adverse effects of the toxic 
levels of oxygen and high levels of airway pressure. 
Furthermore, the studies were not adequately powered, 
the patients were a heterogeneous group, and the treat-
ments were not standardized and were employed only 
for a brief period, which may not have permitted the 
underlying condition to improve.

Patients most likely to benefit from iNO include those 
with a high baseline pulmonary vascular tone, a high 
degree of initial venous admixture, and increased car-
diac output. Efforts aimed at improving outcomes have 
focused on combination therapies involving iNO. Its 
use in combination with pulmonary vasoconstrictors 
such as almitrine [27] or norepinephrine [28] increases 
the PF ratio more than does the use of either agent alone. 
This outcome is probably the effect of a reduction in the 
shunt fraction that is the result of generalized pulmo-
nary vasoconstriction with vasodilatation in the well-
ventilated areas. Other combination therapies include 
the use of phosphodiesterase inhibitors [29], prone posi-
tioning, high-frequency ventilation, and partial liquid 
ventilation.

At the present time, iNO has no proven benefit on out-
come. It does, however, produce short-term symptomatic 
relief. The subgroup of patients who may benefit from 
such improvement and from the combination of iNO with 
other treatment strategies needs to be further defined.

5.3.6 Prone-Position Ventilation

Placing patients in the prone position causes gravity-
dependent fluid shifts from the dorsal to the ventral 
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aspects of the lungs, thereby increasing the area avail-
able for oxygenation. Such positioning also restores the 
functional residual capacity and decreases the vertical 
transpulmonary pressure gradient, thereby allowing the 
alveoli to maintain a more uniform size. Such position-
ing lessens the cyclic opening and closing of unstable 
alveolar units in the dependent regions and lessens 
overdistention at end-expiration in nondependent lung 
regions. Additionally, prone positioning alters chest 
wall compliance and decreases the shunt fraction, with-
out any significant change in the hemodynamics. Like 
iNO, prone positioning improves oxygenation, but no 
improvement in outcome has been demonstrated.

A response to therapy is defined as an increase in PaO2 
of at least 10 mmHg or an increase in the PF ratio of at 
least 20. Factors predictive of success include worse oxy-
genation at baseline [30], shorter duration of ARDS [31], 
and higher baseline chest wall compliance [32]. The use 
of prone positioning in combination with other thera-
pies, especially iNO, has produced even better response 
rates [33].

Prone-position ventilation may be associated with 
several complications, including loss of intravenous 
catheters, skin breakdown, loss or displacement of 
the endotracheal tube, and transient hemodynamic 
instability.

5.3.7  Steroids in Acute Respiratory 
Distress Syndrome

Steroids have been used to treat patients with ARDS in 
the hope of reducing the systemic response to the inciting 
event. Neither prophylactic use for high-risk patients nor 
steroid administration early in the course of the disease 
process has altered outcome [34,35]. Improved survival 
has, however, been observed with late use of steroid in 
the fibroproliferative stage of the disease [36]. The role of 
steroids remains ill-defined, and a NIH-sponsored study 
is currently underway to address the issue.

5.3.8  Immunomodulation in Adult 
Respiratory Distress Syndrome

It is now recognized that a local or systemic triggering 
event brings about a release of mediators (interleukin-8, 
tumor necrosis factor-α [TNF-α], lipid mediators, 
platelet-activating factors, etc.) that cause endothelial cell 
damage. The increased vascular permeability that results 
causes noncardiogenic pulmonary edema, hypoxemia, 
and impaired systemic oxygenation. Recognition of the 
central role played by inflammation has led to attempts 
at modulating the inflammatory process, and thereby 
influencing outcome. Options include nonsteroidal anti-
inflammatory agents, steroids, antioxidants, pentoxyfyl-
line, and ketoconazole.

Ibuprofen has been used as a nonsteroidal anti-inflam-
matory drug, without benefit [37]. Ketoconazole has 
similarly been used for its anti-inflammatory properties 
[38]. The phosphodiesterase inhibitors pentoxyfylline 
and lysinophylline also inhibit neutrophil activation, 
platelet activation, and release of TNF-α. No benefit 
has been observed with their use. One study [39] found 
that the antioxidants N-acetylcysteine and procysteine 
reduced the number of days of ALI and lowered the lung 
injury scores, but had no beneficial effect on mortality.

5.3.8.1 Extracorporeal Life Support

Extracorporeal life support (ECLS) has been an 
extremely successful treatment for neonates with respi-
ratory distress. Early studies with adult patients failed 
to demonstrate that ECLS was more beneficial than 
conventional ventilation. These trials were flawed, how-
ever, with mortality rates higher than 90% in the control 
and treatment arms. This high mortality rate probably 
occurred because of extremely sick patients who could 
not be successfully treated. In addition, at that time, 
there was only limited experience with the use of the 
technique for adult patients, and the standard tidal vol-
umes used were excessive by current standards. More 
recent trials have been more encouraging [40,41], and 
have demonstrated higher survival rates than those for 
historical control subjects.

ECLS is presently indicated for patients who cannot 
be oxygenated even at a FiO2 of 100%, or for whom peak 
airway pressures higher than 40 cmH2O are needed for 
maintaining oxygenation. For patients with adequate 
cardiac function, venovenous ECLS is sufficient, but for 
those with cardiac dysfunction, arteriovenous bypass is 
required.

5.3.8.2 Fluid Management

Judicious fluid management is an essential component 
of the management strategy for ARDS. The rationale for 
using a restrictive fluid strategy is to decrease the pul-
monary vascular hydrostatic pressure, thereby limiting 
transudation across leaky capillaries. At the same time, 
however, adequate tissue perfusion must be maintained. 
Using a PAC may be helpful in achieving this fine bal-
ance. The pulmonary artery occlusion pressure is main-
tained at the lowest level that will result in adequate 
circulation volume and mean arterial pressures, and in 
cardiac output that meets the oxygen delivery needs of 
the tissues. For patients without PACs, surrogate mark-
ers include central venous pressure, urine output, and 
acid–base balance. Vasopressors may be used to main-
tain perfusion if fluid resuscitation is inadequate. There 
is, however, no role for their use in generating a supra-
normal oxygen delivery. Adopting a restrictive fluid 
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strategy with diuresis results in fewer days on mechani-
cal ventilation and improved oxygenation, and is associ-
ated with better outcomes [42]. Great caution, however, 
should be taken in patients who have not yet achieved 
euvolemic states after injury. Restrictive fluid utilization 
policies or diuresis in patients with ongoing resuscita-
tive needs is not advised.

5.3.8.3 Nutritional Support

Adequate nutritional support is essential for meeting the 
needs of increased metabolic demand and for synthe-
sizing new lean body tissue. Diets low in carbohydrate 
and high in fat are preferred, because diets high in car-
bohydrate increase the respiratory quotient by producing 
carbon dioxide, which increases the ventilatory demand. 
Diets that include eicosapentaenoic acid and gamma-
linoleic acid improve outcome [43], because these acids 
have anti-inflammatory, antioxidant, and vasodilatory 
properties that improve microvascular permeability and 
reduce the generation of proinflammatory eicosanoids.

5.4  Other Causes of Respiratory Failure 
after Trauma or Surgery

5.4.1 Rib Fractures

Chest wall trauma is most frequently the result of motor 
vehicle collisions; approximately 10% of patients with 
chest wall trauma have rib fractures [44]. When such frac-
tures are present, the resultant pain limits the ability to 
breathe deeply or cough, causes retention of sputum and 
atelectasis, and reduces the functional residual capacity. 
All of these changes combine to cause reduced lung com-
pliance and to produce ventilation–perfusion mismatch, 
with resultant hypoxemia. Adequate pain management 
is, therefore, crucial and may be achieved by one of sev-
eral methods, such as systemic opioids, intercostal nerve 
blocks, epidural analgesia, intrathecal opioids, intrapleu-
ral analgesia, thoracic paravertebral blocks, transcutane-
ous nerve stimulation, and oral analgesic agents. Each 
technique has its own unique strengths, weaknesses, and 
contraindications and must be individualized for each 
patient. Epidural analgesia is preferable when its use is 
feasible because it has been shown to provide better pain 
control than intermittent intrapleural injections [45] or 
patient-controlled analgesia [46].

5.4.2 Pulmonary Contusion

Pulmonary contusion is common after blunt trauma to 
the chest; its incidence is 17% among patients who suffer 

multisystem trauma [47]. Pulmonary contusion most 
often follows mechanisms of injury that involve rapid 
deceleration, such as motor vehicle crashes and falls.

Injury to the lung parenchyma may be direct or 
indirect. Direct injury is commonly a result of either 
mechanical tearing of tissue or laceration from overlying 
injured ribs. Indirect injury results from shearing at the 
gas–liquid interface, differential rates of movement of 
the various intrathoracic tissues with varying densities, 
and the distention of contained air that occurs after a 
pressure wave passes. These effects result in pulmonary 
parenchymal injury that is proportional to the severity 
of the force applied (Figure 5.1). The resultant injury 
produces a ventilation–perfusion mismatch, increased 
intrapulmonary shunting, increased lung water, and 
reduced compliance. Clinically, these changes manifest 
themselves as hypoxemia, hypercarbia, and increased 
work of breathing. Generally, the severity of the injury 
worsens over the first 24–48 h, reaches a maximum at 
72 h, and then resolves over the ensuing 7 days. Long-
term consequences may develop as a reaction to blood in 
the lung tissue, the pulmonary effects of systemic inflam-
mation, or the development of nosocomial pneumonia.

Results of initial chest radiography may be negative; 
however, infiltrates appear over a period of 4–6 h as the 
process evolves. Chest radiographs, however, under-
estimate the severity of the disease process. Computed 
tomography of the chest is much more accurate in delin-
eating the extent of pulmonary contusion.

Treatment is essentially supportive and includes 
management of associated injuries, adequate pain 
control, aggressive pulmonary toilet, and intubation 
if indicated based on the patient’s physiologic param-
eters and gas exchange. In cases of severe unilateral 
injuries, the patient may be placed in a kinematic bed, 
with the uninjured lung in the dependent position. 

FIGURE 5.1
Pulmonary contusion intraoperative photo.
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This positioning increases blood flow to the lung with 
better gas exchange capabilities, thereby improving 
oxygenation. Fluid management remains a challenging 
issue for this group of patients. Overzealous fluid resus-
citation increases the lung water and decreases compli-
ance and gas exchange; therefore, it may be detrimental. 
The uses of hypertonic saline and, more recently, hemo-
globin substitutes have been suggested as alternatives 
for fluid management, but have not proven a panacea in 
management. Antibiotics are not indicated unless there 
is evidence of infection. Similarly, prophylactic steroids 
provide no clear benefit; rather, they increase the risk of 
infection.

5.4.3 Transfusion-Related Acute Lung Injury

Transfusion-related acute lung injury (TRALI) is a 
poorly defined, temporary condition that follows allo-
geneic blood transfusion. Although its true incidence is 
unknown, it is now being increasingly recognized [48].

TRALI is defined as a new episode of ALI that occurs 
during or within 6 h of a completed transfusion. It is 
characterized by hypoxemia with a PF ratio of 300 or less 
or arterial oxygen saturation below 90% on room air. The 
chest radiograph demonstrates bilateral infiltrates, and 
there is no evidence of left atrial hypertension (Figure 
5.2). There is no temporal relationship to an alterna-
tive risk factor that would explain the development of 
ARDS. Although the exact pathophysiology remains 
unknown, the two most favored mechanisms are (1) an 
antigen–antibody reaction by antibodies contained in 
the transfused blood against the recipient’s white blood 
cell components and (2) activation of pulmonary endo-
thelial cells by the transfusion of neutrophils that have 
been previously primed. A number of potential addi-
tional risk factors, including the utilization of plasma 

from female donor sources, have been hypothesized as 
contributory.

Clinically, the patient exhibits dyspnea, fever, hypo-
tension, tachypnea, tachycardia, and a frothy endo-
tracheal aspirate. Treatment is supportive. Prevention 
involves limiting the transfusion of blood products, 
minimizing the inappropriate use of blood products, 
using blood with a more recent storage date, and using 
washed cellular products.

5.4.4 Thoracic Compartment Syndrome

The concept of compartment syndrome is well rec-
ognized in orthopedic and trauma surgery. Initially 
described as occurring only in the extremity, the condi-
tion is now recognized to affect the abdomen and the 
thorax as well. It is a clinical syndrome diagnosed by 
compartment tissue pressures that exceed perfusion 
pressures; this pressure differential results in decreased 
capillary perfusion and compromised tissue viability.

Originally described by Riahi [49], thoracic compart-
ment syndrome usually presents with increased airway 
pressures that occur when the chest is closed after thoracic 
or cardiac surgery, especially when cases are associated 
with coagulopathy and uncontrolled bleeding. On occa-
sion, thoracic compartment syndrome may develop more 
slowly over a period of hours to days; in such cases, it 
causes reduced cardiac output, hypoperfusion, and wors-
ening acidosis. The diagnosis is usually one of exclusion; 
hence, physicians must maintain a high index of suspicion.

Therapeutic options include leaving the chest cavity 
open and packed, or using skin flaps or synthetic mate-
rials to provide temporary closure of the chest cavity. 
Definitive closure can be attempted once the patient’s 
hemodynamic condition stabilizes, and both the coagu-
lopathy and the acidosis have been corrected. The aver-
age time to closure is usually 2–5 days. Diuretics may 
play an adjunctive role. Mediastinitis is a serious and 
potentially life-threatening complication.

5.4.5  Posttraumatic Retained Hemothorax 
and Posttraumatic Empyema

Retained blood within the chest following thoracos-
tomy tube placement represents a significant risk for the 
development of posttraumatic empyema (Figure 5.3). 
Once thought to be rare, a recent multicenter trauma 
study found that among 20 busy trauma centers, the 
incidence of empyema was 26.8% [50]. Trauma patients 
who developed this complication had significantly lon-
ger hospital and intensive care unit stays. They also had 
longer ventilator requirements, reflective of the chal-
lenge infection within the pleural space places poses 
for the restoration of normal pulmonary mechanics 
and liberation from artificial respiration. Routine early 

FIGURE 5.2
Plain radiography of trauma patient developing acute TRALI.
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removal of posttraumatic retained hemothorax, via 
video-assisted thoracoscopic methods, provides for the 
removal of potential infective culture material and miti-
gates the associated risk for subsequent empyema.

5.5 Conclusion

Respiratory failure is not uncommon following sur-
gery or trauma. In this setting, it is often multifactorial 
due to a combination of patient- and procedure-related 
factors. Although preoperative risk reduction is ideal, 
aggressive postoperative pulmonary care may reduce 
the impact. In patients requiring mechanical ventila-
tion to support lung function, the data derived from the 
ARDSNet trial probably represents the current standard 
of care. The lung protection strategies espoused there 
should be followed to minimize the occurrence of VALI. 
A multimodality approach to the most severe form of 
respiratory failure, ARDS, will most likely lead to a suc-
cessful outcome. Other unusual causes of respiratory 
failure in this group of patients must be recognized.

Incidence of Pulmonary Complications Following Surgery 
or Trauma

Complication Incidence

ARDS/ALI 4.1%–6.8% among trauma patients [13]
Pulmonary contusion due 
to trauma

17% after multisystem trauma [47]

Transfusion-related acute 
lung injury

1 per 5000 units blood product 
transfused [48]

Posttraumatic empyema 
(in patients with 
retained hemothorax)

26.8% [50]

Avoiding and Treating Complications Presented in This 
Chapter

ARDS/ALI

• Maintain fluid resuscitation strategies that avoid 
overresuscitation

• Aggressively identify and treat infections and complications
• Employ lung-protective ventilator strategies conducive with 

ARDSNet
Pulmonary contusion

• Avoid overresuscitation
• Supportive care

Transfusion-related acute lung injury
• Appropriate utilization of blood products in resuscitation
• Leukocyte reduction may assist
• Rapidly diagnose once occurs and provide diligent 

supportive care
Posttraumatic retained hemothorax/empyema

• Early identification and characterization of retained 
hemothorax by CT

• Aggressive evacuation of retained hemothorax volumes 
>300 mL on CT by early video-assisted thoracoscopy
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6.1 Introduction

Despite hundreds of years of science and experience,1 
complications from fluid loss and replacement continue 
to plague clinicians and surgeons. On any given day in 
the intensive care unit, one can overhear discussions 
concerning the fluid status of any particular patient. 
These discussions generally revolve around determin-
ing if a patient is “wet” or “dry” and whether the patient 
is better served by a fluid bolus or a loop diuretic. This 
schizophrenic discussion occurs daily in every hospital 
in the world and exemplifies our current and persisting 
poor understanding of fluid balance, loss, and resuscita-
tion. Our poor understanding of fluid balance routinely 
contributes to complications of fluid loss and replace-
ment. Sometimes, these complications occur as a natural 
progression of the disease process, and sometimes they 
are iatrogenic misadventures of the very best intentions.

6.2 Theoretical Basis of Fluid Distribution

6.2.1 Body Fluid Compartments

Three classically described fluid compartments exist: 
the plasma compartment, the interstitial compartment, 
and the intracellular compartment. Under normal con-
ditions, the interstitial compartment is three times the 
volume of the intravascular compartment, and the intra-
cellular compartment is three times the volume of the 
interstitial compartment. Consequently, the intracellu-
lar compartment is nine times the volume of the intra-
vascular compartment. The intravascular compartment 
volume is preserved at the expense of the other compart-
ments. Significant changes in the intravascular volume 
are poorly tolerated. A loss of 30%–40% of the intravas-
cular volume will lead to severe hypovolemia and pro-
found hypotension and hypoperfusion. Hypovolemic 
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cardiovascular collapse usually occurs after loss of 60% 
of the intravascular volume. In contrast, a mild 20%–30% 
sudden increase in intravascular volume may produce 
pulmonary edema.2 The intravascular compartment is 
tightly regulated and is maintained at the expense of 
the interstitial and intracellular compartments when 
under duress.

6.2.2  Fluid Maintenance and Regulation 
in Disease States

The interstitial compartment is in dynamic equilibrium 
with the intravascular compartment, primarily regu-
lated by albumin flux controlled by opening and clos-
ing of peptidoglycans within the interstitial space.3 The 
obligation of albumin to the intravascular and intersti-
tial compartments determines how water and sodium 
flux between the two. When the peptidoglycans have an 
open stoichiometry and favor interstitial albumin obli-
gation, the interstitial compartment expands. When the 
stoichiometry of the peptidoglycans is closed, the albu-
min is released into the lymph where it is recirculated 
into the intravascular compartment (along with the obli-
gated water and sodium), expanding the intravascular 
compartment. The opening and closing of the pepti-
doglycans are regulated by the patient’s inflammatory 
state. When the inflammatory stimuli are profound, the 
interstitial compartment’s capacitance becomes impres-
sive, until the compartment is filled to several times 
its normal volume, while maintaining relatively low 
hydrostatic pressure.2,4

An understanding of the cycling of interstitial pep-
tidoglycans, and subsequent albumin obligation, will 
help guide fluid therapy. The capillary endothelium 
also regulates albumin flux, but the degree of flux dif-
fers depending on each specific organ. For example, the 
capillary endothelium is much more permeable in the 
lung and the liver than it is in peripheral tissues such 
as muscle, skin, and subcutaneous fat.5,6 For example, 
albumin flux within the capillaries of the lungs under 
normal circumstances is so high that the interstitial 
concentration is approximately 70%–80% of the serum 
concentration. Therefore, the relative albumin concen-
tration gradient across the pulmonary capillary mem-
brane is relatively minor. The permeability of the liver 
endothelium to albumin is only slightly less than that of 
the lung; the interstitial concentration is approximately 
60% of the serum. In contrast, much less albumin fluxes 
through peripheral tissues, specifically muscle and fat, 
than through the liver or the lung; therefore, the intersti-
tial concentration in muscle is approximately 20%–30% 
of the serum.

Unlike the capillary endothelium, the cell surface 
membrane is impermeable to proteins. The entry of 
proteins into cells is accomplished by active transport; 

therefore, oncotic pressure has a minimal effect at the 
cell surface membrane. The sodium pump is the active 
mechanism that operates at the cell surface, ejecting 
sodium from the cells while potassium is exchanged 
or diffuses passively to maintain charge equilibrium 
on both sides of the cell membrane. Bicarbonate mol-
ecules and chloride ions cross the cell membrane rela-
tively easily, and because the membrane is permeable 
to water, this fluid crosses readily to maintain osmotic 
equilibrium.

There are two crucial differences between the capil-
lary endothelium and the cell surface membrane. First, 
the capillary endothelium is a passive membrane that 
does not require energy; it functions for an extended 
period of time independently of an energy source, such 
as adenosine triphosphate (ATP). In contrast, the cell 
surface membrane actively requires energy. As the pro-
duction of ATP is impaired during severe shock, the 
sodium pump begins to fail and the passive diffusion of 
sodium into the cells increases their osmotic pressure, 
and water immediately follows. This influx of water 
causes increased cellular edema.6 The capillary endo-
thelium is much more resilient to ischemic changes 
(such as those induced by hypovolemia) than is the cell 
membrane.

The second important difference between the capil-
lary endothelium and the cell surface membrane is that 
large molecules dictate the oncotic pressure across the 
capillary endothelium, and the oncotic pressure plays 
little role at the cell membrane. Osmotic pressure is the 
gradient that causes water to move between the intra-
cellular compartment and both the interstitial and 
intravascular compartments. Oncotic pressure and 
hydrostatic pressure across the capillary endothelium 
influence water movement between the intravascular 
and interstitial compartments. A firm understanding of 
these influences will guide fluid resuscitation.

6.3 Volume Expansion

6.3.1 Resuscitation with Crystalloid Solutions

Thirty minutes after a rapid 2 L bolus of lactated 
Ringer’s infusion, this crystalloid solution has equili-
brated into the intravascular and interstitial com-
partments. Because all components of a balanced salt 
solution freely cross the capillary endothelium, there 
is no restriction of movement between these compart-
ments. The solution immediately crosses from one space 
to the other and is distributed between the two com-
partments in exact proportion to their starting volumes, 
which are primarily regulated by albumin and other 
large proteins. For example, if the starting volume of the 
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interstitial space is three times that of the intravascular 
volume, as is normally the case in a healthy person, then 
the balanced salt solution will be distributed in the same 
1:3 ratio. If 2 L of solution is given, then 500 mL will 
remain in the intravascular compartment, and 1500 mL 
will move into the interstitial compartment. Because 
a balanced salt solution is iso-osmotic, no gradient in 
osmolarity is produced, and there is no net movement 
across the cell surface membrane, which responds only 
to osmotic pressures. The volume of the intracellular 
compartment is therefore unchanged. This effect is cru-
cial, but it has never been adequately emphasized in the 
literature. This effect is also transient, however, until the 
renal excretion of the bolus of sodium and water occurs 
a short time later, restoring normovolemia.

In a condition of severe established ischemia or pro-
found inflammatory state (not sudden, acute blood loss), 
the flux of albumin will change dramatically, ushered by 
open peptidoglycans and albumin obligation within the 
interstitial compartment. Under these circumstances, 
the ratio of an administered balanced salt solution 
within the intravascular and interstitial compartments 
will be directly proportional to the ratio of albumin 
within these compartments.

6.3.2 Resuscitation with Colloid Solutions

If a colloid solution such as 5% albumin is introduced 
into the intravascular volume during a nonischemic 
and noninflammatory state, the relative flux of the 
infused albumin solution will be proportional to the net 
albumin flux in the entire body, that is, approximately 
25%–35% depending on the permeability. There is a 
reason that the net albumin leakage is much closer to 
the leakage of muscle, skin, and fat. The organs that 
are highly permeable to albumin (e.g., the liver and the 
lungs) make up a relatively small fraction of the body 
mass. The tissues that are not as permeable to albumin 
(e.g., muscle, skin, and fat) make up most of the body 
mass. As a result of this effect, an iso-oncotic solution 
administered into the intravascular compartment will 
leak in rough proportion to the total leakage of albu-
min in the body, that is, approximately 25%–35%. For 
example, if 2 L of a 5% albumin solution (colloid) is 
administered, the volume would be distributed as fol-
lows: 500 mL (25%) would leak into the interstitium, 
and 1500 mL would be retained in the intravascular vol-
ume. Because the albumin solution is iso-osmotic, there 
would be no net gradient into cells. Therefore, the cel-
lular volume would not change. When the net effect of 
volume expansion resulting from the administration of 
2 L of Ringer’s lactate is compared with that resulting 
from the administration of 2 L of albumin, the results 
show that one-fourth of the balanced solution (500 mL) 
would remain in the vascular space and three-fourths 

of the colloid solution (1500 mL) would remain in the 
intravascular space. Therefore, the ratio of intravascu-
lar filling with a colloid solution to intravascular filling 
with a crystalloid solution is 3:1. Almost every study 
in which the effects of crystalloid and colloid solutions 
have been compared has found that this ratio of intra-
vascular expansion is consistent at approximately 3:1. 
This ratio fits the proposed theoretical model; it is what 
is measured hemodynamically, and it is predictable. 
Unfortunately, analyzing the results of published stud-
ies is difficult because most studies of crystalloid and 
colloid solutions have been based on protocols that did 
not consider this physiologic reality. Achieving the same 
effect on intravascular volume expansion requires the 
administration of three times as much crystalloid solu-
tion as colloid solution, because only one-fourth of the 
balanced crystalloid solution will remain in the vascular 
space (the rest of the crystalloid solution will end up in 
the interstitial space). Administering a crystalloid solu-
tion therefore may induce significant interstitial edema.

The concept of leakage or intravascular retention of a 
crystalloid solution is based on studies of shock in ani-
mal models using incomplete or inadequate resuscita-
tion. When a volume deficit is created and then replaced 
with inadequate volume, even though the volume is 
similar to what has been lost, one may conclude that 
fluid has leaked. In a stable replacement model that 
includes the theoretical considerations explained earlier, 
the volume of distribution will be considered. Once full 
equilibration has been achieved, the relative volumes 
of distribution should remain the same. Depending on 
the volume used and the deficit replaced, the effects of 
volume resuscitation can therefore be predicted and 
anticipated on the basis of these three basic axioms: 
(1) one-fourth of the amount of balanced salt solutions 
administered remains in the vascular space; (2) three-
fourths of the amount of colloid solutions administered 
remains in the intravascular space; and (3) the ratio of 
intravascular filling with crystalloid solutions to that 
with colloid solutions is 3:1.

6.3.3 Resuscitation with Hypertonic Saline Solution

Hypertonic saline solution has been the topic of consid-
erable discussion in recent years because of its potential 
for use as a prehospital fluid. When a 7.5% saline solution 
is administered, its hypertonic effect immediately exerts 
eight times the normal osmotic pressure of the body. 
Therefore, infusing this solution increases the osmotic 
pressure in the intravascular space, and this increase 
in pressure immediately pulls water from the intracel-
lular space. Again because all of the ions that produce 
the osmotic gradient move freely across the capillary 
endothelium, there are no osmotic gradients across the 
capillary endothelium. Only the cell membrane restricts 
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them; therefore, the gradient is acutely generated only 
across the cell membrane.

The osmotic pressures created by 7.5% saline infusions 
can be hundreds of millimeters of mercury, even when 
relatively small volumes of 7.5% saline solution are 
infused. As a result, fluid is pulled to the intravascular 
space with extraordinary rapidity. Whereas colloid equi-
librium typically develops within 10–30 min of infusion, 
development of hypertonic saline equilibrium requires 
<60 s. In fact, this latter type of equilibration occurs so 
rapidly that it cannot be measured by any available 
technique. The best evidence indicates that the equili-
bration occurs within approximately 3–5 s after admin-
istration of the solution. Therefore, when a hypertonic 
solution is given, the pull of fluid into the vascular space 
is effective instantaneously. The net effect, however, 
has a direct repercussion on the intravascular volume. 
Administering hypertonic solution forces equilibrium 
between the intracellular osmotic pressure and the 
intravascular osmotic pressure; because the saline solu-
tion is eight times more concentrated than the normal 
osmotic pressure, the solution pulls seven times its vol-
ume and dilutes itself by a factor of eight in the vascular 
space. For example, an intravenous infusion of 250 mL 
of a 7.5% saline solution pulls 1750 mL from the cellu-
lar space, thus resulting in an initial net increase in the 
intravascular volume of 2 L. Therefore, the volume of re-
expansion achieved by the administration of 250 mL of 
7.5% saline solution is equivalent to that achieved by the 
administration of 2 L of an isotonic salt solution. Once 
the 7.5% saline solution has forced 1750 mL of fluid into 
the vascular space (from the intracellular space), redis-
tribution occurs between the intravascular space and the 
interstitial space. Again, the now balanced salt solution 
is distributed in proportion to the sizes of the spaces. 
Therefore, of the 2 L of fluid pulled from the cellular 
space, 500 mL ends up in the intravascular space and 
1500 mL ends up in the interstitial space. The only dif-
ference is that the net deficit occurs at the expense of the 
cells; therefore, the cellular compartment now contains 
1750 mL less fluid. In contrast, this compartment is unaf-
fected by the administration of Ringer’s lactate solution.

6.4  Volume Replacement after 
Acute Blood Loss

Over the last eight decades, there has been a signifi-
cant shift in the approach to fluid resuscitation of the 
hemorrhaging trauma patient. Early investigators had 
suggested that survival was improved by infusion of 
large volumes of iso-osmotic crystalloids, and emphasis 
was placed on replenishing both the intravascular and 

interstitial fluid components.7–9 However, this aggres-
sive fluid resuscitation approach was challenged by 
data suggesting that patients who were treated as such 
did not have an improvement in outcome and were at 
increased risk of complications such as acute respiratory 
distress syndrome and abdominal compartment syn-
drome (ACS).10–15 It is now known that aggressive resus-
citation may potentiate organ and tissue injury resulting 
from the initial trauma and hemorrhage.10 Therefore, 
the recommended approach to fluid replacement after 
acute blood loss includes early control of hemorrhage, 
low volume, carefully guided crystalloid resuscitation 
or avoidance of crystalloid whenever possible, early use 
of blood products to prevent coagulopathy, and hypo-
tensive resuscitation in young patients with penetrating 
trauma.10,16 This approach is referred to as “damage con-
trol” or hemostatic resuscitation.16

6.5  Goals of Fluid Replacement and 
End Points of Resuscitation

There appears to be a consensus among clinicians that 
heart rate, systemic arterial blood pressure, skin tem-
perature, and urine flow (i.e., the primary end points of 
resuscitation used by clinicians before the era of inva-
sive hemodynamic monitoring) provide relatively little 
information about the adequacy of oxygen delivery to 
tissues. Accordingly, reliance on these simple indices 
of perfusion may result in failure to recognize ongoing 
anaerobiosis (cryptic shock).

With the introduction of central venous and Swan–
Ganz catheterization, clinicians sought to titrate 
resuscitation therapy to achieve “adequate” indices of 
ventricular preload, cardiac output, and systemic oxy-
gen delivery. On the basis of extensive analyses of the 
hemodynamic profiles of survivors and nonsurvivors of 
critical illness, Shoemaker et al.17 proposed that patients 
suffering from trauma and shock develop an oxygen 
“debt” and therefore require supranormal levels of oxy-
gen delivery to reestablish homeostasis. Tuchschmidt 
et al.18 later reported similar findings from a study of 
patients with sepsis. Subsequently, in three prospec-
tive, randomized trials,19–21 Shoemaker and coworkers 
obtained evidence that survival is improved by titrat-
ing resuscitative measures to achieve the target values 
established in earlier observational studies (specifically, 
a cardiac index >4.5 L/min/m2 of body area, a systemic 
oxygen delivery index >600 mL/min/m2, and systemic 
oxygen consumption >170 mL/min/m2). In another 
trial,22 a significant improvement in survival rates 
was achieved when high-risk surgical patients were 
treated with dopexamine, an inotrope and vasodilator 
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that increases cardiac output during the perioperative 
period. No significant differences in systemic oxygen 
consumption or blood lactate concentration were found 
between patients who were and were not treated with 
dopexamine; this finding suggests that dopexamine 
has beneficial effects, independent of its hemodynamic 
actions. To complicate the picture, several subsequent 
clinical studies23–26 have failed to demonstrate that 
survival rates improve when resuscitation therapy is 
titrated to achieve supranormal values for oxygen deliv-
ery or cardiac output.

Resuscitation therapy can also be adjusted to achieve 
certain biochemical end points, such as arterial base defi-
cit or blood lactate concentration. These end points can 
be used, because tissue hypoperfusion leads to increased 
anaerobic metabolism. During anaerobic metabolism, 
large quantities of pyruvate are converted to lactate, and 
thus do not enter the tricarboxylic acid cycle. Meanwhile, 
because of the stoichiometry of substrate-level (rather 
than oxidative) phosphorylation of adenosine diphos-
phate to ATP, there is a net accumulation of protons.27

Accordingly, increases in arterial base deficit, blood 
lactate concentration, or both are evidence of an increase 
in the rate of anaerobic metabolism. Numerous stud-
ies28–31 have documented that high concentrations 
of blood lactate portend an unfavorable outcome for 
patients with shock, but it has not been proven that 
survival is improved when therapy is titrated by using 
blood lactate concentration as an end point.

Base deficit is the amount of base (in millimoles) 
required to titrate 1 L of whole blood to a pH of 7.40 
while the sample is maintained at 37°C, fully saturated 
with oxygen, and equilibrated with an atmosphere con-
taining carbon dioxide at a PCO2 of 40 mmHg. Base defi-
cit is calculated by arterial blood gas analyzers that use 
a nomogram developed by Astrup et al.32 Base deficit is 
more quickly and easily measured than is lactate con-
centration, and it has prognostic value for patients with 
shock.33–36 Although titrating therapy to a base deficit 
end point is intuitively reasonable, whether it improves 
survival rates remains unproven.

Until recently, a randomized clinical trial of gastric 
tonometry,37 a form of tissue capnometry, was the only 
source of published findings demonstrating that the use 
of a monitoring tool to guide resuscitation can improve 
the outcome of critically ill patients. However, Rivers 
et al.38 published the results of a partially blinded, ran-
domized trial of goal-directed therapy initiated in the 
emergency ward for patients with septic shock. An 
algorithm was developed to adjust central venous pres-
sure (CVP) to 8–12 mmHg, mean arterial pressure to 
65–90 mmHg, and central venous oxygen saturation 
to more than 70%. A central venous oximetry catheter 
was used to titrate resuscitative therapy in an attempt to 
balance systemic oxygen supply with oxygen demand. 

Unlike similar studies carried out in an ICU setting, this 
study initiated goal-directed therapy at an earlier point 
after injury. The findings showed that early institution 
of goal-directed hemodynamic support prevented car-
diovascular collapse in high-risk patients, and reduced 
hospital mortality rates from 46.5% to 30.5% (p = 0.009).

Perhaps, the most rational way to titrate resuscitative 
therapy is to use a measure of the adequacy of regional 
tissue perfusion. Several highly complex approaches 
can achieve this goal, such as using near-infrared spec-
troscopy to assess the redox state of cytochrome a, a3 
(the terminal enzyme complex in the mitochondrial 
respiratory chain). However, tissue capnometry offers 
the promise of being inexpensive, reliable, and mini-
mally invasive.

6.6  Complications of Fluid Losses 
in Surgical Patients

Many surgical complications are associated with fluid 
losses and electrolyte disturbances that result from con-
ditions other than hemorrhage. These conditions may 
have a broader but less acute impact on all of the body 
fluid compartments, and may be associated with severe 
electrolyte derangements. Therefore, therapy must be 
directed at restoring homeostasis and minimizing iat-
rogenic complications.

Because sodium and water are the primary determi-
nants of the adequacy of volume status, the surgeon 
must have a clear understanding of the interactions of 
these two important components of the internal milieu. 
Hyponatremia and hypernatremia are the most com-
monly encountered complications of fluid loss in surgi-
cal patients.

External losses or internal shifts of fluids are com-
monly associated with surgical patients and may ini-
tially be indicated by signs of inadequate volume and 
perfusion, without marked changes in plasma sodium 
concentrations. The most common cause of hyponatre-
mia is inappropriate therapy, and the most common 
conditions associated with hypernatremia are exces-
sive diuresis and unrecognized or miscalculated losses 
of free water. The plasma sodium concentration is an 
index of the relative proportions of sodium and water in 
the extracellular fluid (ECF). The constant redistribution 
of fluid across all body fluid compartments is ruled by 
the laws of tonicity. The combined depletion of sodium 
and water is a common occurrence among patients with 
volume depletion resulting from excessive fluid losses. 
In a similar fashion, the loss of gastrointestinal fluid, 
which may occur as the result of vomiting, diarrhea, fis-
tulas, or prolonged nasogastric suction, is also typically 
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characterized by combined deficits of water and sodium. 
Third spacing or sequestration of fluid in patients with 
severe peritonitis, pancreatitis, or other local inflamma-
tory conditions in the abdominal cavity is also associ-
ated with combined losses of sodium and water.

6.6.1 Hyponatremia

Hyponatremia occurs when there is an excess of total 
body water relative to total body sodium content. 
Hyponatremia may be associated with decreased, 
increased, or near-normal amounts of total body sodium. 
In general, hyponatremia occurs as a disorder of the kid-
neys’ ability to dilute urine. The approach to therapy for 
the hyponatremic patient can be simplified by establish-
ing first whether the patient’s ECF is reduced (deple-
tion) or increased (edema). Renal losses, which include 
diuretic excess, mineralocorticoid deficiency, salt-losing 
nephritis, renal tubular acidosis, and osmotic diuresis, are 
characterized by volume depletion and a urinary sodium 
concentration >20 mmol/L. When the urinary sodium 
concentration is <10 mmol/L, the hyponatremic state is 
usually the result of extrarenal losses, a common condi-
tion among surgical patients. Those with extrarenal losses 
usually have a history of vomiting or nasogastric suction, 
third spacing of fluid, pancreatitis, burns, or soft-tissue 
trauma. Both types of hyponatremic conditions (renal 
and extrarenal losses) respond to fluid replacement with 
isotonic solution.39 Patients with normal or mildly dimin-
ished ECF, abnormally low sodium concentration, and no 
edema are not commonly seen by surgery services. Such 
patients often have a glucocorticoid deficiency or inappro-
priate antidiuretic hormone secretion. These conditions 
usually respond to water restriction. Finally, hyponatre-
mia can occur in patients with edema and enhanced ECF; 
these patients typically have conditions associated with 
impaired renal perfusion, such as congestive heart fail-
ure, cirrhosis, or nephrotic syndrome. In these patients, 
a urinary sodium concentration of <10 mmol/L is com-
mon. If the urinary sodium concentration is >20 mmol/L 
in patients with edema, then a component of acute or 
chronic renal failure is also present.

6.6.2 Hypernatremia

The renal concentrating mechanism is the first defense 
against water depletion and hyperosmolality. When 
this mechanism is impaired, thirst becomes a very 
effective mechanism for preventing further increases 
in serum sodium concentration. Unfortunately, most 
clinical conditions experienced by surgical patients are 
also associated with an impairment in water intake. 
The most practical approach to treating the patient 
with an elevated serum sodium concentration relies on 
a basic assessment to determine whether the patient is 

experiencing hypernatremia with sodium and water 
losses, hypernatremia with mostly water losses, or 
hypernatremia with mostly increased sodium intake.

Again, identifying the site of sodium or water losses is 
crucial; for example, patients receiving diuretic therapy 
(osmotic or loop diuretics) or having postobstruction or 
intrinsic renal disease will produce isotonic or hypo-
tonic urine; their urinary sodium concentration will be 
>20 mEq/L, and their total body sodium concentration 
will be low.40 If the urinary sodium concentration is 
<10 mEq/L, the most likely cause of hypernatremia will 
be extrarenal losses (sweating, heat exposure, burns, 
diarrhea, or fistula). If most of the losses are free water, 
then the total body sodium concentration must be close 
to normal values. These patients’ urinary sodium con-
centration will vary, and their clinical symptoms will 
resemble those of patients with diabetes insipidus syn-
dromes, or those with insensible water losses that are 
purely respiratory and dermal. If hypernatremia is pres-
ent and an increase in total body sodium concentration 
is suspected, the patient usually has primary hyperaldo-
steronism, Cushing’s syndrome, or hypertonic dialysis; 
alternatively, the patient may chronically ingest large 
amounts of sodium bicarbonate or sodium chloride tab-
lets. The urinary sodium concentration usually exceeds 
20 mEq/L. Management consists of the replacement of 
free water and the initiation of diuretic therapy.

6.7 Complications of Fluid Replacement

Fluid replacement, especially when not judiciously 
used, has some potentially deleterious complications. 
There are risk factors that predispose patients to specific 
complications, but the most common etiology is aggres-
sive fluid resuscitation. Some of these complications 
are more general and may occur with any type of fluid, 
whereas others tend to occur with specific fluids.

6.7.1  General Complications Associated 
with Fluid Resuscitation

ACS, defined as intra-abdominal pressure >20 mmHg 
with evidence of organ dysfunction or failure,41 is one 
of the most feared complications of fluid replacement. 
It can occur following massive resuscitation with col-
loids, crystalloids, blood, and blood products, although 
it is most common with excessive crystalloid use. ACS 
is associated with increased morbidity and mortality,42 
as sustained elevation of intra-abdominal pressure can 
have negative physiologic effects on the functions of the 
cardiovascular, pulmonary, renal, hepatic, gastrointesti-
nal, and central nervous systems.41 Clinical conditions 
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that place patients at risk include trauma, burns, sep-
sis, damage control laparotomy, coagulopathy, mas-
sive transfusion, peritonitis, and abdominal surgery 
with tight fascial closures.41 If conservative measures 
fail to reverse the rise in intra-abdominal pressure, then 
decompressive laparotomy is required. However, lapa-
rotomy has its inherent risks. Therefore, prevention by 
early identification of risk factors and judicious fluid 
replacement is a key component of management of ACS.

Similar to ACS, extremity compartment syndrome can 
also complicate overhydration, particularly in injured 
extremities.43 Tissue perfusion is reduced, resulting in 
increased risk of nerve and muscle necrosis, rhabdomy-
olysis with possible renal failure, and Volkmann’s isch-
emic contracture. While immediate fasciotomy can save 
the limb and prevent the subsequent complications, 
avoidance of excessive fluid resuscitation is the more 
important preventive strategy.

Acute pulmonary edema is another potential compli-
cation of fluid replacement. Patients with major trauma, 
burns, or sepsis who may already have some form of 
pulmonary vascular injury and increased lung perme-
ability are more prone to developing postresuscitation 
pulmonary edema.44 Bedside transpulmonary dilution-
derived extravascular lung water measurement may 
serve as a guide to treatment.45 However, adequate mon-
itoring during fluid can prevent many of these cases.

6.7.2  Complications Associated with the 
Use of Albumin Solutions

A 2004 Cochrane report examined the use of albumin for 
treatment of critically ill patients.46 The authors carried 
out a systematic review of 30 randomized controlled tri-
als comparing the effects of administering albumin or 
plasma protein fraction with the effects of not adminis-
tering this protein fraction or administering crystalloid 
solution to 1419 critically ill patients with hypovolemia, 
burns, or hypoalbuminemia. For each patient category, 
the risk of death in the albumin-treated group was higher 
than that in the comparison group. The relative risk of 
death after albumin administration was 1.46 (95% confi-
dence interval, 0.97–2.22) for hypovolemic patients, 2.40 
(1.11–5.19) for patients with burns, and 1.69 (1.07–2.67) 
for patients with hypoalbuminemia. More recently, a 
posthoc analysis of the saline versus albumin fluid eval-
uation (SAFE) study in patients with traumatic brain 
injury (TBI) concluded that patients with severe TBI 
who received albumin had a significantly higher mor-
tality compared with those who received saline (41.8% 
vs. 22.2%; p < 0.001).47 The Cochrane group concluded 
that in patients with trauma, burns, or following sur-
gery, there is no evidence from randomized controlled 
trials that resuscitation with colloids reduces the risk of 
mortality compared to resuscitation with crystalloids.48 

Therefore, albumin has no role in the management of 
critically ill patients.

6.7.3  Complications Associated with the 
Use of Ringer’s Lactate Solution

Ringer’s lactate solution, widely used as a volume 
expander and resuscitation fluid, has been shown to 
have multiple immunologic and proinflammatory effects 
on neutrophils and other cells involved in host defense 
mechanisms. These effects are more pronounced when 
the racemic lactated Ringer solution is used.10 Rhee et al. 
showed that, compared to blood or 7.5% hypertonic saline, 
Ringer’s lactate caused the greatest increase in neutro-
phil activation in a swine model of hemorrhagic shock.49 
Neutrophil activation returned to baseline in the other 
two groups after resuscitation in the animals that received 
shed blood or 7.5% hypertonic saline solution. In another 
study by the same research group, they showed that fluid 
resuscitation with Ringer’s lactate solution significantly 
increased apoptosis of cells in the small intestine and 
liver in a rat model of hemorrhagic shock.50 In the clini-
cal setting, patients who develop complications related to 
increased inflammatory response are those who have been 
massively resuscitated with Ringer’s lactate after severe 
hemorrhagic shock.10 Administration of small amounts 
of the racemic isoform, lactated Ringer solution in which 
d-lactate has been eliminated, or one in which lactate has 
been replaced with monocarboxylates like ketone bodies 
or pyruvate may reduce these complications.10

6.8 Conclusions

The use of intravenous fluids is one of the main pillars 
of resuscitative therapy for surgical patients. Many con-
ditions, such as acute hemorrhage, burn injuries, and 
intra-abdominal inflammatory catastrophes, require 
appropriate fluid resuscitation. The clinician must be 
very familiar with the type and proper dosage of the 
many available solutions. Clear objectives and end 
points of resuscitation strategies must be determined in 
advance, and the possible side effects and complications 
need to be predicted and identified early in the course of 
treatment if the best possible outcome is to be achieved. 
Unfortunately, fluid therapy is not always seen as a 
pharmacologic intervention, but we must realize that 
fluids, like any other drug, may be indicated or contra-
indicated in specific situations.

Current trends in fluid resuscitation indicate a shift 
toward minimal use of large-volume crystalloids, limi-
tation or avoidance of albumin in critically ill patients, 
early use of blood products in trauma patients to prevent 
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trauma-induced coagulopathy, use of vasopressors, early 
control of hemorrhage, and goal-directed fluid therapy. 
There is rarely a need for aggressive resuscitation. These 
are based on findings from recent studies that fluid resus-
citation can induce new tissue injury or worsen exist-
ing injuries and should be used only when indicated.55 
In addition, careful monitoring during fluid therapy is 
required to prevent many of the associated complications.

Complications of Fluid Loss and Resuscitation

Incidence

Complications of fluid loss
Hyponatremia 11%51 (in ICU patients)
Hypernatremia 26%51 (in ICU patients)

Complications of fluid replacement
ACS 4.2%52 (mixed ICU patients)
Extremity compartment syndrome 1.2%–6%53

Acute pulmonary edema 1%–8%54

Increased mortality (albumin) 41.8%47 (in TBI patients)
Cytotoxicity (Ringer’s lactate) ?

Prevention of Complications Associated with Fluid 
Loss and Replacement

Hyponatremia
Avoid excessive administration of hypotonic fluids
Avoid excessive diuresis
Early identification and treatment of risk factors (e.g., third 
spacing of fluid, pancreatitis, burns, or soft-tissue trauma)

Hypernatremia
Avoid excessive diuresis (osmotic or loop diuretics)
Accurate estimation and replacement of free water loss

ACS
Early identification and treatment of risk factors (e.g., 
peritonitis, trauma, burns, sepsis)

Minimal use of crystalloids
Adequate monitoring during fluid resuscitation

Extremity compartment syndrome
Early identification of risk factors (injured extremities)
High index of suspicion
Judicious use of fluids
Adequate monitoring during fluid resuscitation

Acute pulmonary edema
Early identification and treatment of risk factors (e.g., 
major burns, trauma, sepsis)

Minimal use of crystalloids
Bedside monitoring using transpulmonary dilution-
derived extravascular lung water measurement

Increased mortality from albumin use
Avoid using albumin in critically ill patients

Cytotoxicity from use of Ringer’s lactate
Use only small volumes
Use isoforms without D-lactate
Use formulations in which lactate is replaced with 
monocarboxylates
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Acute renal dysfunction is a common complication in hospi-
talized patients that is associated with significant morbidity 
and mortality. The Risk, Injury, Failure, Loss, End-Stage 
(RIFLE) renal disease classification system that is based on 
changes in the level of serum creatinine and urine output 
defines acute kidney injury (AKI) and allows severity grad-
ing, each level predicting increasing degrees of in-hospital 
mortality. However, there are significant limitations to the 
use of serum creatinine, and ongoing research has high-
lighted serum and urinary biomarkers that are expressed 
soon after kidney injury. There are multiple forms of AKI in 
hospitalized patients including prerenal, intrinsic renal, and 
postrenal causes of renal failure, and multiple conditions, 
including sepsis, hypovolemia, chronic kidney disease, and 
major trauma or surgery that confer significantly increased 
risk of the intrinsic form of AKI. Unfortunately, medical 
therapies to limit or reverse the intrinsic forms of AKI have 
thus far eluded researchers, and while the judicious use of 
fluids is appropriate in volume-depleted patients with renal 
failure, they may be dangerous in patients with renal fail-
ure who are volume overloaded or have pulmonary edema. 
Neither time of renal replacement therapy (RRT) initiation, 
nor modality, nor intensity seem to impact mortality or 
renal recovery. Intermittent hemodialysis is used for hemo-
dynamically stable patients, whereas continuous RRT is 
typically used for patients who are unstable or in shock.

7.1 Introduction

Acute renal dysfunction is a commonly encountered 
clinical entity with profound implications. In the United 

States, one million patients each year are diagnosed with 
acute renal dysfunction, and the incidence is rising.1,2 It 
is a rapidly progressive disease that predicts morbid-
ity and mortality. Patients with acute renal dysfunc-
tion often require admission to the intensive care unit, 
dialysis initiation, and prolonged hospitalization. They 
encounter significant risk of in-hospital death and long-
term development of chronic kidney disease (CKD).3 
Recent discoveries have shown that even small changes 
in kidney function are associated with significant mor-
bidity and mortality, underscoring the significance of 
this condition.4

In 2004, the Acute Dialysis Quality Initiative Group 
published a consensus definition known as the RIFLE 
renal disease classification system of AKI. This scheme 
identified three grades of AKI severity (risk, injury, and 
failure) based on relative changes in serum creatinine 
(sCr) and absolute changes in urine output, and two 
AKI outcome classes (loss and end-stage) determined 
by the duration of RRT.5 From this description, it is 
clear that the term “AKI” can encompass a spectrum of 
renal dysfunction: AKI is neither acute tubular necro-
sis (ATN) nor renal failure, but the term also includes 
less severe alterations in kidney function, including 
the rapidly reversible physiologic changes typical of 
prerenal azotemia. Despite their imprecision, RIFLE 
criteria have been validated as independent predictors 
of in-hospital mortality, with elevated risk of death 
found in all RIFLE grades, with risk increasing across 
grades.6 These criteria have established a degree of 
uniformity required for research on the numerous 
unknowns that hinder the prevention and treatment 
of AKI.
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7.2 Risk Factors

Question 1: Who is at risk for AKI?
While a combination of vascular, tubular, and inflam-

matory factors has been known to underlie most cases of 
AKI, several cohort studies have attempted to define risk 
factors for the development of AKI and to place cellular 
factors in the context of clinical presentations. Among 
critically ill patients, sepsis is the most common condi-
tion associated with AKI. Bagshaw et al. found that AKI 
occurred in 42% of septic patients admitted to intensive 
care units.7 In a prospective cohort study, Uchino et al. 
studied 30,000 patients admitted to 54 intensive care 
units and found sepsis contributed to 47% of cases of 
AKI.8 This study also highlighted another group at par-
ticular risk for AKI as 30% of critically ill patients who 
progressed to AKI had some degree of baseline CKD. 
This finding is supported by data from Hsu et al. who 
reported that CKD is a risk factor for AKI that is severe 
enough to require RRT during hospitalization.9 CKD 
limits the kidney’s capacity for intrinsic repair, and this 
may contribute to elevated rates of AKI demonstrated 
in patients with baseline renal dysfunction. Diminished 
capacity for renal repair appears to place older patients 
at risk for unresolving AKI as well.10 Retrospective 
reviews of public and private health delivery systems 
data in the United States reveal consistently elevated 
rates of AKI in older patients.2 Hypovolemia is also a 
risk factor for renal ischemia and thus AKI. Reduced 
effective intravascular volume (i.e., from cirrhosis or 
congestive heart failure), which causes renal vasocon-
striction and ischemia, also predisposes to AKI from 
contrast or nephrotoxins.

Both patient and surgical characteristics can her-
ald perioperative AKI. Preexisting conditions such 
as diabetes, CKD, cardiac disease, and advanced age 
can affect rates of perioperative AKI.11 Surgical proce-
dures that produce higher rates of AKI include cardiac 
surgery requiring cardiopulmonary bypass, major 
intraabdominal surgery, vascular surgery requiring 
aortic manipulation and/or cross clamping, and organ 
transplantation. Trauma patients are at risk for AKI, 
particularly those with rhabdomyolysis. In a review of 
436 consecutive admissions to a level 1 trauma center, 
Gomes et al. found that 50% satisfied RIFLE criteria, 
with higher severity of trauma score more likely to 
result in AKI.12

Answer: AKI occurs in numerous clinical settings and 
therefore has a variety of risk factors. Conditions which 
confer significant risk of AKI include sepsis, baseline 
CKD, advanced age, hypovolemia, major surgery, and 
trauma.

7.3 Diagnosis

Question 2: What is the optimal diagnostic test to estab-
lish AKI?

Despite its prevalence, the timely and early recognition 
of AKI remains difficult due to the inadequacies of sCr, 
the current diagnostic standard, to definitively highlight 
AKI. RIFLE criteria require the identification of a change 
in sCr from baseline. This creates several problems: 
(1) baseline sCr may be unknown; (2) significant time 
may elapse after an injury until sCr reaches a diagnostic 
threshold; (3) the level of sCr may not accurately reflect 
the degree of renal injury, since the kinetics of sCr are 
influenced by age, gender, muscle mass, nutritional sta-
tus, hemodynamics, fluid status, and medications.13 These 
limitations have generated intense interest in the identifi-
cation of biomarkers that allow for the early diagnosis of 
AKI and the differentiation of AKI from other processes 
that also elevate sCr. A variety of renal insults have been 
found to elevate several proteins found in urine and in 
serum including the urinary biomarkers neutrophil 
gelatinase–associated lipocalin, kidney injury molecule 1, 
interleukin 18, liver fatty acid binding protein, cystatinC, 
and the fractional excretion of sodium (FENa).14 Studies 
have shown promise in predicting postoperative AKI15,16; 
however, larger studies in heterogeneous populations are 
needed to determine which urinary biomarker performs 
best in prospectively diagnosing AKI at patient presen-
tation and in the early postoperative period. The largest 
studies to date have recruited patients undergoing triage 
and admission to the hospital from emergency depart-
ments and demonstrated a valuable role for neutrophil 
gelatinase–associated lipocalin in the diagnosis of the 
initiation of AKI, and neutrophil gelatinase–associated 
lipocalin and kidney injury molecule 1 in predicting 
morbidity and mortality during hospitalization.17

Answer: While standardized creatinine-based defini-
tions of AKI now exist, novel biomarkers hold promise 
for expedient and accurate diagnosis.

Question 3: What is the best approach to differential 
diagnos of AKI?

AKI can be divided into prerenal, intrinsic renal, and 
postrenal causes (Figure 7.1).

Postrenal causes refer to obstruction of urinary flow, 
which may be partial or complete, unilateral or bilat-
eral, and may occur at any location in the urinary tract, 
from the renal pelvis to the urethra. Common causes of 
urinary obstruction include preexisting bladder outlet 
obstruction from benign prostatic hypertrophy, which 
may be exacerbated by the use of narcotic analgesics or 
anticholinergic medications in the hospital; a high index 
of suspicion for obstruction is necessary in older men 
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with unexplained AKI. Severe cystitis or obstruction of 
a urinary catheter may cause bladder outlet obstruction. 
An obstructing kidney stone may cause AKI in patients 
with single-functioning kidney or baseline CKD. 
Obstruction can be evaluated by renal ultrasonography 
demonstrating hydroureter or hydronephrosis; however, 
it should be noted that patients with early obstruction, 
significant volume depletion, or retroperitoneal fibrosis 
may have normal ultrasound findings despite urinary 
tract obstruction.18 Normal urine output does not exclude 
partial urinary tract obstruction. Normal creatinine val-
ues do not exclude the diagnosis of unilateral kidney 
obstruction,19 and in fact are likely to delay its diagnosis.

Distinguishing prerenal AKI from intrinsic AKI is 
more difficult; however, it is important given the sig-
nificant increase in morbidity and mortality in the lat-
ter. Prerenal causes of AKI include volume depletion 
from dehydration, blood loss, and diuretics. Prerenal 
AKI can also result in volume overloaded or edematous 
states including congestive heart failure or cirrhosis, 
which are also associated with decreased renal blood 
flow. Urinary studies are helpful to distinguish prerenal 
causes from intrinsic renal causes. Prerenal causes are 
associated with low urine sodium (i.e., <20 mEq/L) and 
low FENa (<1%); these measures indicate intact sodium 
retention.20 However, recently administered diuretics or 
CKD might elevate the urine sodium even in the setting 

of prerenal azotemia. Blood urea nitrogen (BUN) to cre-
atinine ratio of >20:1 also suggests prerenal azotemia; 
however, this is neither sensitive nor specific. Sepsis, 
high-protein enteral feeding, corticosteroid use, and 
upper gastrointestinal bleeding can all elevate BUN out 
of proportion to the creatinine, and conversely, liver dis-
ease and poor nutritional status will depress the BUN, 
meaning that prerenal disease cannot be excluded by 
a normal BUN/creatinine ratio. It is important to note 
that fluid management cannot be determined based on 
serum or urinary findings alone, but must incorporate 
history and physical exam findings, since both volume 
depletion and congestive heart failure are “prerenal” 
causes of AKI, yet are managed very differently: intra-
venous fluids in the former group, and diuresis and pos-
sible inotropic support in the latter group.

Urinary biomarkers currently under investiga-
tion may be able to distinguish intrinsic renal failure 
from prerenal causes; because certain biomarkers are 
upregulated in response to tubular damage rather than 
quickly reversible prerenal azotemia; high urinary lev-
els are expected in intrinsic renal failure but not prer-
enal azotemia.21,22

Answer: When evaluating AKI, a systematic approach 
which reviews prerenal, intrinsic renal, and postrenal 
causes must be considered. Urinary studies can help 
distinguish prerenal AKI from intrinsic AKI.

Prerenal

Volume depletion
Cirrhosis
Congestive heart failure
Third-spacing

Ischemic acute tubular necrosis
Contrast nephropathy
Rhabdomyolysis
Nephrotoxic acute tubular necrosis
Tumor lysis syndrome
Acute intersitial nephritis
Malignant hypertension
Cholesterol emboli
Glomerulonephritis
         – Lupus
         – Postinfectious
         – Anti-GBM
         – Wegeneŕ s
         – Cryoglobulinemia

Benign prostatic hypertrophy
Obstructed foley catheter
Hematuria with large clots
UTI with bladder outlet obstruction
         Bilateral ureteral obstruction
         – From kidney stones
         – Tumor compression
         – Retroperitoneal fibrosis

Differential diagnosis of AKI

Intrinsic Postrenal

FIGURE 7.1
Categorization of acute kidney injury (AKI) according to the inciting stimulus. The prerenal form of AKI is characterized by a reduction in glo-
merular filtration as a result of liver or heart failure, or as a result of central hypotension due to volume depletion or third spacing. Hormonal 
dysregulation of the Na and water balance is a prominent feature of prerenal AKI. The intrinsic form of AKI is characterized by a reduction 
of glomerular filtration due to an injury to glomerular cells (glomerulonephritis), tubular cells (toxic, ischemic or sepsis related), or interstitial 
cells (allergic reactions). Prolonged kidney dysfunction is a prominent feature of Intrinsic AKI. The postrenal form of AKI is characterized by a 
reduction of glomerular filtration due to a mechanical or functional blockade of the urinary pathway. Surgical correction can ameliorate acute 
episodes of postrenal AKI. It is evident from this list that unrelated injuries reduce the glomerular filtration, emphasizing the lack of specific-
ity in measurements of the serum creatinine. Nonetheless, characterization of AKI subtypes has both prognostic and therapeutic validity.



72 Complications in Surgery and Trauma

© 2008 Taylor & Francis Group, LLC

Question 4: What are common causes of intrinsic AKI 
seen on surgical services?

Causes of intrinsic renal failure commonly encoun-
tered on surgical service include ischemic and neph-
rotoxic ATN, contrast-induced nephropathy (CIN), and 
allergic interstitial nephritis. Postoperative AKI may 
occur in up to 25% of patients undergoing coronary 
artery bypass grafting.23 Medications including van-
comycin and aminoglycosides are important causes of 
nephrotoxic ATN.24 Beta-lactam and sulfonamide anti-
biotics, fluoroquinolones, proton pump inhibitors, and 
nonsteroidal anti-inflammatory drugs (NSAIDs) are 
associated with acute interstitial nephritis; in these cases 
of AKI, patients may also have other allergic symptoms, 
including rash, fever, and peripheral eosinophila.25 
NSAIDs such as ketorolac and ibuprofen can also cause 
ischemic ATN or renal cortical necrosis, and should 
be used with caution in elderly patients and avoided 
entirely in patients with CKD or cardiac disease.26 
CIN typically occurs in patients with other underly-
ing risk factors including CKD, congestive heart failure, 
diabetes, and volume depletion, and is also related to 
the amount and type of contrast agent administered. 
Patients with normal renal function have negligible 
risk, and patients with moderate CKD have 9%–38% 
risk compared to a risk of 50% if baseline creatinine is 
>4–5.27,28 Strategies for prophylaxis include discontinu-
ing furosemide and angiotensin-converting enzyme 
inhibitors or angiotensin receptor blocking medications 
prior to contrast exposure. Patients should be hydrated 
with either normal saline or sodium bicarbonate at a rate 
of 1 mL/kg/h for 12 h prior to contrast and 12 h after 
contrast exposure. If a patient is known to have conges-
tive heart failure, then the rate of IV fluid administra-
tion should be decreased to 0.5 mL/kg/h.29 Once CIN is 
established, and urine output has decreased, it is wise 
to stop standing IV fluids to prevent worsening volume 
overload. Pigment-induced nephropathy, due to either 
rhabdomyolysis (myoglobin pigment) or massive hemo-
lysis (hemoglobin pigment), results from direct tubular 
damage of pigments. Prophylaxis with judicious IV flu-
ids are recommended to prevent AKI in patients with 
rhabdomyolysis or hemolysis.30

7.4 Management

Question 5: Does time of RRT initiation, modality, or 
intensity impact mortality?

RRT is the definitive treatment for complications 
of AKI (extracellular fluid volume overload, solute 
imbalance, and uremia) that are intractable to medi-
cal management. Nevertheless, the current literature 

offers incomplete guidance as to the optimal timing, 
method, and intensity of such therapy. While case–
control and retrospective studies suggested “early” 
dialysis reduces mortality, two randomized clinical 
trials produced conflicting results. In 2002, a trial of 
106 patients initiated “early” dialysis if urine output 
was <30 mL/h after 6 h but did not find a difference 
with regard to mortality or recovery of renal function 
in survivors.31 A 2004 trial found a large reduction in 
mortality with early dialysis, defined by postopera-
tive urine output (RR, 0.17; 95% CI, 0.05–0.61), but weak 
methods and a small sample size (N = 28) temper this 
conclusion.32 The lone observational study in this area 
found that the risk of death in critically ill AKI patients 
decreased significantly by initiating RRT before levels 
of BUN were >76 mg/dL (adjusted hazard ratio, 0.54; 
CI, 0.34–0.86).33 Based on this evidence, a 2008 system-
atic review concluded that the available literature does 
not permit a definitive statement as to the optimal tim-
ing of acute RRT initiation.34

Debate also persists regarding the preferred mode of 
dialysis. Available methods include intermittent hemo-
dialysis (IHD) and continuous renal replacement ther-
apy (CRRT), and significant differences exist between 
these techniques. IHD is conventionally performed 
three times a week in 4 h sessions via venovenous access; 
because of more rapid fluid shifts, IHD requires hemo-
dynamic stability. Using venovenous or arteriovenous 
access and reduced blood flow and ultrafiltration rates, 
CRRT is performed continuously and offers gradual sol-
ute and fluid clearance. Despite the theoretical advan-
tage of more “physiologic” restoration of solute and fluid 
balance, CRRT has not been found to offer a survival 
benefit compared to IHD. While methodological con-
cerns—such as patient selection—plague this literature, 
no recent randomized controlled trial has demonstrated 
a mortality advantage to CRRT.35–39 Similarly, numerous 
meta-analyses have also concluded that CRRT does not 
appear to confer a survival advantage over IHD.40,41 On 
the other hand, it is likely that sicker patients are offered 
CRRT, rather than IHD.

Six randomized trials have analyzed whether the dose 
of dialysate administered with CRRT impacts mortal-
ity. Two early studies produced preliminary evidence to 
suggest that increased CRRT intensity decreases mortal-
ity. Ronco et al. found that patients who received doses 
of 45 mL/kg/h or 35 mL/kg/h demonstrated reduced 
mortality compared to patients who received doses of 
20 mL/kg/h (RR, 0.72; 95% CI, 0.54–0.94; and RR, 0.73; 
95% CI, 0.56–0.96, respectively).42 However, the prepon-
derance of subsequent evidence has come to suggest that 
CRRT dose does not affect mortality. In 2002, Bouman 
et al. found no decrease in mortality among 106 patients 
who sustained higher hemofiltration volumes com-
pared to lower volumes (48 vs. 20 mL/kg/h).31 Similarly, 
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Tolwani et al. found no difference in mortality between 
200 patients randomized to receive CRRT dose of 35 or 
20 mL/kg/h.43 In a multicenter 1100-patient random-
ized trial, Palevsky et al. did not note a mortality differ-
ence between patients receiving CRRT dose of 35 versus 
20 mL/kg/h.44 Bellomo et al. conducted a 1500-patient 
trial and found no mortality difference at 90 days between 
patients who received a dose of 40 mL/kg/h and those 
who received 25 mL/kg/h.45 In addition, none of these 
studies reported a difference in rates of recovery of renal 
function following more intense CRRT treatment. Given 
this body of evidence, most authors recommend achiev-
ing flow rates of 20 mL/kg/h. Higher rates may be used 
in cases with clinically significant metabolic acidosis or 
hyperkalemia or severe catabolic disease.

Early studies implied that more frequent IHD might 
also reduce mortality among critically ill patients with 
AKI. Schiff et al. studied 160 patients and found reduced 
mortality among patients treated with daily IHD as com-
pared to an alternating day schedule.46 Another group 
found reduced mortality among 34 patients randomized 
to receive either IHD to maintain BUN levels <60 mg/dL 
and sCr levels <5 mg/dL as compared to conventional 
IHD schedule.47 In spite of these early reports, a more 
recent, large randomized trial with 1100 patients failed 
to demonstrate a mortality benefit to daily IHD44 in AKI.
Answer: Neither the exact timing of RRT initiation, nor 
the modality of dialysis, nor the intensity of the therapy 
above a minimum seem to impact mortality or renal 
recovery.
Question 6: What are potential pharmacologic treatments 
of AKI?

As AKI is characterized by a spectrum of volume 
responsiveness, initial therapeutic efforts may include a 
judicious trial of fluid repletion in the appropriate clini-
cal setting, unless evidence of congestive heart failure or 
pulmonary edema is present. Diuretics are often utilized 
in an attempt to improve urine output in AKI. Numerous 
studies have found that diuretics do not decrease mor-
tality or improve renal outcomes in established renal 
failure.48,49 However, diuretics can be used for manage-
ment of volume overload in a patient with AKI.

Various vasoactive substances have been trialed in 
AKI. Low or renal dose dopamine has been proposed to 
preferentially reduce renal vasoconstriction and thus was 
advocated as a technique to ameliorate renal dysfunc-
tion. Several recent meta-analyses have not documented 
reduced mortality or improved renal function with low-
dose dopamine and have explicitly argued against its 
use.50,51 Fenoldopam is a pure dopamine A-1 receptor 
agonist that increases blood flow to the renal cortex and 
outer medulla. Two meta-analyses, one in critically ill 
patients following cardiac surgery and one in critically 
ill patients with or at risk for AKI, found that fenoldo-
pam reduced the need for RRT, decreased mortality, and 

reduced length of stay.52 Heterogeneity among analyzed 
studies limits this conclusion; large randomized clinical 
trials are needed before widespread implementation is 
justified. Atrial natriuretic peptide (ANP) is produced 
by modified cardiac myocytes and increases glomeru-
lar filtration rate through afferent arteriolar vasodilation 
and efferent arteriolar vasoconstriction. ANP has been 
mainly studied in the setting of postcardiac surgery AKI. 
While systematic reviews found a reduced need for RRT 
in AKI patients, other meta-analyses have concluded that 
the lack of high-quality studies limits this conclusion.53

Another area of active research concerns the use of 
growth factors in the treatment of AKI. Noting that 
expression in animal models of insulin-like growth fac-
tor (IGF) decreased during ischemia and increased coin-
cident with renal recovery, Hammerman et al. found 
that IGF administration ameliorated AKI in animal 
models.54 Translation of this concept from animals to 
humans has however proven difficult. Similarly, while 
large doses of erythropoietin improved AKI in animal 
models, a randomized, placebo-controlled trial of eryth-
ropoietin revealed that prophylactic administration did 
not decrease rates of AKI in the intensive care setting.55

Answer: Medical therapies to limit or reverse AKI have 
thus far eluded researchers.

Types of AKI Commonly Encountered in Surgical Patients

Complications Incidence References

Postoperative 
ATN

Up to 25% after coronary artery 
bypass surgery

[23]

Contrast 
nephropathy

Ranges from 0% to 50% based on 
the presence of risk factors

[27, 28]

Septic AKI 42% of septic patients admitted 
to intensive care units

[7]

Rhabdomyolysis-
induced AKI

15%–33% of patients with 
rhabdomyolysis

[30]

Vancomycin-
induced AKI

5%–15% of patients treated with 
vancomycin

[24]

Gentamycin-
induced AKI

10% of patients receiving 
aminoglycosides

[24]

NSAID-induced 
AKI

Although absolute risks are low, 
relative risk of AKI increased 
>2.5-fold in the elderly

[26]

Acute interstitial 
nephritis

May account for ∼25% of 
unexplained renal failure in 
hospitalized patients

[25]

Types of AKI Encountered in Surgical Patients and 
Strategies to Avoid Complications

Complications Strategies to Avoid Complications

Postoperative 
ATN

Keep MAP >65, avoid unnecessary nephrotoxins

Acute 
intersititial 
nephritis

Early identification of renal dysfunction in patients 
receiving medications associated with AIN and 
early discontinuation of the offending agent
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Complications Strategies to Avoid Complications

Contrast 
nephropathy

Discontinue Lasix and angiotensin-converting 
enzyme inhibitors. Hydration at 1 mL/kg/h for 
12 h prior to contrast exposure and 12 h after 
contrast exposure (0.5 mL/kg/h in patients with 
CHF). Use of N-acetyl cysteine 1200 mg PO BID 
for 24 h prior and 24 h after contrast exposure

Septic AKI Avoid hypotension, early goal-directed therapy 
and early institution of antibiotics

Vancomycin- 
or 
gentamycin-
induced AKI

Use weight-based and glomerular filtration 
rate–based nomograms for vancomycin dosing. 
Consult hospital pharmacist. Follow drug levels. 
Identify that even small changes in renal function 
require adjustment of vancomycin dosing. Dose 
vancomycin by level in patients with AKI.

NSAID-
induced AKI

Avoid use of NSAIDs in elderly patients and 
patients with CKD or cardiac disease
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Nutritional support, through the enteral and parenteral 
routes, has become a hallmark breakthrough and veritable suc-
cess of modern surgical care. The choice to provide nutritional 
support and the type of nutritional support has been the focus 
of many quality research initiatives as well as distinguished 
careers. While surgical nutrition has become a staple in every 
surgical practice in the United States, several complications 
remain serious issues, which play a role in the surgical nutri-
tion decision-making process. These adverse events center 
around two major themes: complications related to the deliv-
ery device and complications related to the food itself.

8.1  Complications Associated with 
the Actual Nutrient Source

The complications associated with the actual nutrient 
source can also be subdivided into those associated with 
enteral nutrition (EN) versus total parenteral nutrition 
(TPN) and those associated with the type and amount of 
calories and macronutrients delivered, the so-called over-
feeding complications. One large meta-analysis of pro-
spective, random-assignment trials comparing EN and 
TPN outlines a common theme among many trials com-
paring these two nutrition delivery methods: a significant 
increase in overall infection, most notably central line 
infections, in the parenteral over the enteral groups. There 
were no differences in mortality.1 It should be noted that 
most of these trials predated the use of antibiotic-coated 
catheters and central line management protocols that have 
significantly lowered the incidence of catheter-related 

bacteremia (see following sections). A recent large, pro-
spective random-assignment trial in Belgium published 
in 2011 compared the timing of the initiation of TPN and 
its effect on outcome. The patients were assigned to two 
groups, one which started TPN within 48 h of admis-
sion and one which started TPN no sooner than 8 days 
after admission. The late group had a higher likelihood 
of being discharged from the ICU alive, lower ICU infec-
tions, lower percentage of requiring mechanical venti-
lation longer than 2 days, and lower health-care costs.2 
However, a more recent study performed in Switzerland 
found the addition of TPN to EN feeds to reach 100% of 
calculated caloric needs started 4 days after admission 
resulted in significantly reduced number of nosocomial 
infections in the subsequent 30 hospital days and a lower 
mean number of infections per patient.3

8.2 Overfeeding

Overfeeding is a catch-all term that really encompasses 
a variety of different studied clinical entities including 
caloric intake, protein to fat calories, and specific macro-
nutrient effects on metabolism and outcome. One retro-
spective analysis of 200 patients receiving TPN discovered 
an increased risk of blood stream infection (BSI) in those 
patients who received 36 kcal/kg/day versus the group 
that received 31 kcal/kg/day despite adequate and simi-
lar blood glucose control in each group.4 Similarly, a large 
prospective trial in surgical patients receiving TPN strati-
fied patients into tertiles in regards to their amount of cal-
culated caloric intake (<33.4%, 33.4%–64.6%, and >64.6%) 
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and overall complication rates. Those patients in the third 
tertile, those actually receiving closer to their calculated 
goals, had increased hospital mortality, increased ICU 
infections, increased ventilator-associated pneumonia, 
increased days of mechanical ventilation, and increased 
hospital and ICU length of stay.5 But, neither of these 
studies illustrates exactly what to avoid in administer-
ing TPN. It is unclear just what is causing these increased 
complications in these studies. But they raise significant 
concerns and pave the way for future prospective ran-
domized trials comparing volumes/amount of calories 
infused in the critically ill.

Liver dysfunction: One particular concern of overfeeding 
is liver dysfunction. Grau et al. prospectively studied the 
incidence of liver dysfunction of various degrees, includ-
ing hepatic necrosis, in patients receiving TPN and in 
patients receiving EN. There was a statistically significant 
association of hepatic necrosis in those patients receiving 
TPN. Moreover, there was an increased incidence of liver 
dysfunction overall in those patients who received TPN, 
early feeding, and those who received calculated caloric 
energy requirements over 25 kcal/kg/day.6

Overall, there appears to be increased complications in 
those patients who (1) start TPN before 8 days of admis-
sion, (2) receive over 25 kcal/kg/day of calculated caloric 
requirements, and (3) receive TPN over EN when possible.

8.3 Delivery Device–Related Complications

Complications related to the delivery device of nutri-
tional support are both well-represented in the literature 
at large and dramatic. It is difficult to find even the most 
junior surgery resident who does not have a dramatic 
story about a malpositioned feeding tube or central line. 
And while the literature does describe these dramatic 
cases, it is much more replete with information relative to 
things like hospital-associated complications (increased 
cost), complications specific to placement of devices, and 
central line associated blood stream infection (CLABSI).

8.4 TPN Access

8.4.1 Line Sepsis

CLABSI is perhaps the most recent focus of national 
health-care organizations relative to nutritional supple-
mentation. The interest lies not so much on the actual 
delivery of TPN, but limiting the BSI associated with 
TPN delivery. CLABSI can be thought of as a conse-
quence to two major physiologic concepts relative to 

the central line itself, its insertion/external cleanliness 
(extraluminal) and migration of pathogens down the 
inside of the catheter (intraluminal). Extraluminal-
related CLABSI is thought to be responsible for the 
majority of infection surrounding short-term catheters, 
whereas intraluminal infection is related to long-term 
catheter use. CLABSI is best described in infections per 
catheter days. Prior to these major changes in focus sur-
rounding CLABSI, the general range of infection was 
around 1.5 to about 7 infections per 1000 catheter days. 
After these sweeping changes, the rates have fallen to 
between 0.2 and 5.2 infections per 1000 catheter days.7

One particular study that both articulated these 
sweeping changes and demonstrated their effectiveness 
was performed prospectively and compared to histori-
cal controls in 108 ICUs in Michigan in 2004 and 2005. 
This study looked at the effectiveness of implementing 
five major foci of catheter-related care and compared the 
effectiveness of using this entire bundle, as opposed to 
examining each item, on the incidence of CLABSI dur-
ing the study period. The five procedures were: ensur-
ing good hand washing, using full barrier precautions 
during insertion of the catheter, cleaning skin with 
chlorhexidine (bathing the patients when they had the 
catheter in place), avoiding femoral line insertion if pos-
sible, and removing unnecessary catheters. The mean 
rate of catheter infection was 7.7/1000 at baseline and 
decreased to 1.4/1000 at 18 month follow-up.8

8.4.2 Enteral Access

Complications associated with enteral feeding tube 
access range from increased cost to devastating effects 
of tube dislodgment. The simplest tube placements 
can also prove to be costly and have serious complica-
tions. One study done in 2005 evaluated the placement 
of small bore feeding tubes by nurses in a tertiary care 
facility. A total of 1822 tubes were placed with a 93% 
success rate for intragastric placement and a 60% suc-
cess rate for postpyloric feeding. About 18.6% of the 
patients required fluoroscopy to place the tube (mostly 
in the postpyloric position). Placement in the tracheo-
bronchial tree occurred in 3.2%; 1.2% of patients had a 
pneumothorax and 0.5% died.9

Gastrostomy tube placement is another reliable means 
to provide enteral feeds. Several studies have been done 
to establish the safety and complication profile of different 
gastrostomy tube placement strategies. One study com-
paring percutaneous gastrostomy tube (PEG) placement 
versus laparoscopic gastric tube placement in 238 children 
identified immediate procedural complications requir-
ing conversion to an open procedure in 1.5% and 2.9%, 
respectively. Postoperative complications including leak, 
hemorrhage, gastric separation, early tube dislodgment, 
gastrocolic fistula, and pyloric obstruction were 8.2% and 



79Complications of Nutritional Support

© 2008 Taylor & Francis Group, LLC

4.8%, respectively. The most serious complications sur-
rounded PEG tube dislodgment in four patients.10

Late accidental dislodgment of percutaneously placed 
tubes is an underreported problem nationwide. In one 
study analysis of 563 PEG tubes placed in adults, 4.1% 
suffered early (7 day) dislodgment; lifetime accidental 
dislodgment in this group was 12.8%; the vast majority 
of these required Emergency Room visits and surgical 
consultation totaling an average of 1200$ per patient.11

In addition to tube dislodgment or misplacement, 
some surgeons have a concern over the changing physi-
ologic performance of the stomach when fixed with a 
gastric (mostly PEG) tube. One major review of PEG 
complications lists the risk of aspiration during PEG 
placement to be between 0.3% and 1.0%.12 Another study 
evaluated the risk of aspiration in 64 patients with PEG 
tubes and found 19% developed some sort of aspiration 
event during or shortly after the PEG placement as far 
out as 9 months after the procedure.13

One study comparing open, standard gastrostomy to 
PEG found a periprocedural complication rate for PEG 
to be 7.4%–30.2% for standard, open gastrostomy. All 
the major complications requiring laparotomy for repair 
were in the standard gastrostomy group.14

Some surgeons insist on having postpyloric feeding, 
and some disease processes/surgeries require jejunal 
feeding because of the anatomical situation (gastro-
esophagectomy). One study comparing nasojejunal 
(NJT) feedings, jejunostomy (JT) feedings, and TPN in 
patients undergoing pancreaticoduodenectomy found 
there was a prolonged course (12 vs. 8 days) of EN in 
the JT group versus the NJT group. Tube-related com-
plications occurred most commonly in the NJT group 
(34% dislodgment). The JT group had a 6% relaparotomy 
rate because of leak or bowel obstruction at the site of 
insertion.15 Another study done in 73 patients under-
going gastroesophagectomy who had JT placed at the 
time of surgery found that 25% had complications, 48% 
of which were major complications; 2.7% of patients 
required a relaparotomy for small bowel obstructions.16

Overall, the incidence of tube-related complications 
varies among the type of tube inserted and the method 
of insertion. The most common complications are mis-
placement, dislodgment, and bowel obstruction/injury 
from the tube placement itself.

Complications of Access

Central line blood stream infections/
TPN

0.2–5.0 
infections/1000 
catheter days

[6,7]

PEG tube early dislodgment 0.3%–8% [9,11,13]
Misplaced postpyloric feeding access 40% [8]

In tracheobronchial tree 3.2% [8]
Major jejunostomy complications 
requiring laparotomy

2.7%–6% [14,15]
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Bleeding is a potential complication in any surgical or 
trauma patient. A major risk factor that increases the inci-
dence of bleeding is anticoagulation. An analysis from 
the National Trauma Databank1 showed prevalence of 
preinjury warfarin alone to be nearly 3%. As the popula-
tion ages, the use of newer anticoagulant, antiplatelet, and 
fibrinolytic medications is also on the rise. Understanding 
the mechanisms of these commonly encountered drugs in 
clinical practice is essential to counteract their effects on the 
coagulation system and prevent ongoing bleeding. Bleeding 
complications may ultimately lead to transfusion. The indi-
cations for transfusion can be divided into two broad cat-
egories: to enhance the oxygen-carrying capability of blood 
by expanding the red blood cell (RBC) mass, or to replace 
clotting factors that are lost, consumed, or not produced.2 
Unfortunately, transfusion carries its own set of complica-
tions that can be serious and sometimes fatal. 

9.1  Complications of 
Anticoagulants (Table 9.1)

9.1.1 Warfarin

Warfarin and its derivatives work by blocking the 
essential vitamin K-dependent carboxylation of coag-
ulation factors II, VII, IX, and X, which results in a 
decrease in the activity of these factors in plasma. The 
duration of warfarin’s anticoagulation is a function 
of the half-lives of the vitamin K-dependent coagula-
tion factors, which range from 6 to 72 h, and thus the 
full effect of therapy can be delayed for up to 3 days.3 
Variations in pharmacokinetics as well as genetic 
polymorphisms can also account for clinically impor-
tant differences in the way warfarin is metabolized, 
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and more than 700 commonly used drugs interact 
with warfarin, either inhibiting or accelerating its 
metabolism.4

To help monitor these multiple interacting processes, 
the INR (international normalized ratio) is used. A ther-
apeutic range is commonly defined as 2.0–3.0 for most 
indications. The numbers themselves do not represent 
a linear correlation with factor activity. For example, at 
an INR of 2, factor activity level is ∼40%, an INR of 3.5 
correlates to ∼30%, while at an INR of 5, factor activity 
is closer to <10%.5

While the most important side effect of warfarin 
is bleeding, the inhibitory effect on proteins C and S 
(shorter half-lives of 36 h and 42 h, respectively) causes 
a temporary procoagulant effect due to the longer half-
lives of II, XI, and X. In rare cases, usually associated 
with a protein C deficiency, warfarin-induced skin 
necrosis may occur.

Patients on warfarin in need of procedures or who 
experience clinically significant bleeding are eligi-
ble for reversal of their anticoagulation with several 
approaches: (1) stop warfarin therapy, (2) administer 
vitamin K, and (3) administer FFP (fresh frozen plasma), 
or (4) PCC (prothrombin complex concentrate) with or 
without rFVIIa (recombinant factor VIIa).6

Patients should stop taking warfarin at least 5 days 
prior to elective surgery and have an INR corrected to 
<1.5 preoperatively.

Reversal with vitamin K takes anywhere from 6 to 
48 h, depending on the route of administration and 

initial INR.7 Reinitiation of warfarin therapy is inef-
fective for approximately 1 week due to still circulat-
ing vitamin K and active gamma-carboxylase enzyme 
molecules. Thus, heparin or low-molecular weight hep-
arin (LMWH) may be required as a bridge.

For more significant bleeding, administration of 
2–6 units of FFP will help reduce the INR to <1.5 
within 24 h, but is limited by thawing time and volume 
overload.

PCCs have several advantages over FFP, including 
quicker reversal of INR, smaller volumes to achieve 
correction, no need for thawing, and a better safety 
profile. For life-threatening bleeding, a one-time 
administration of PCC, which contains either three (II, 
IX, and X) or four (II, VII, IX, and X) concentrated (25 
times normal serum levels) factors together with vita-
min K and occasionally rFVIIa, will promptly correct 
the coagulopathy.8 Currently, only the three-factor PCC 
is available in the United States. PCC also contains pro-
teins C, S, and heparin to prevent clotting factor activa-
tion in vitro.

Presently, evidence supporting the use of rFVIIa 
(at doses ranging from 10 to 90 μg/kg) for the treat-
ment of warfarin-associated bleeding is confined to 
review articles although off-labeled use of rFVIIa has 
found its place in cardiac surgery, trauma, liver trans-
plantation, and prostatectomy.9 This analysis suggested 
no mortality reduction for any of the aforementioned 
conditions. In addition, there was an increased risk for 
arterial thromboembolism. rFVIIa may be effective in 

TABLE 9.1

Summary of Anticoagulant Medications

Drug Route
Mechanism of 

Action
Plasma 

Tmax T1/2 Clearance
Preoperative 

Cessation Monitoring
Specific 

Antidote

Warfarin PO Vitamin K 
antagonist

2–4 days 35–45 h Renal/hepatic 5 days INR Vitamin K

UFH SC/IV Potentiates ATIII Immediate 45 min RE system/renal 4–6 h PTT Protamine
Enoxaparin 
(Lovenox)

SC LMWH 4 h 5–7 h Renal 12 h Anti-Xa assay None

Dabigatran 
(Pradaxa)

PO Direct thrombin 
(II) inhibitor

2 h 12–17 h Renal 2–4 days Thrombin clotting 
time (TCT), ECT

None

Rivaroxaban 
(Xarelto)

PO Direct factor Xa 
inhibitor

3–4 h 6–12 h Hepatic/renal 24–36 h Anti-Xa assay None

Aspirin PO COX-I 1–2 h 30 min Hepatic/renal 7 days Nonea None
Clopidogrel 
(Plavix)

PO ADPr-I 45 min 6 h Hepatic/renal 7 days Nonea None

Dipyridamole 
(Persantine)

PO PDE-I 75 min 10 h Hepatic 3 days Nonea None

Abciximab 
(ReoPro)

IV GP 2a/3b 
inhibitor

Immediate 10 min RE system 48 h Nonea None

Alteplase IV Fibrinolytic Immediate 5 min Hepatic 4 h TCT, FDPs Aminocaproic 
acid, 
tranexamic acid

a Laboratory-specific tests (e.g., thromboelastography) for platelet function exist but are not routinely employed to monitor drug dosing/
effects.
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controlling intracranial bleeding when administered 
within 3–4 h of onset, although improvements in neuro-
logical outcome and mortality remain unclear.10

9.1.2 Heparin

Heparin is comprised of various glycosaminoglycan 
molecules ranging in size from 10 to 20 kDa and acts 
by binding to and potentiating the inhibitory effect of 
AT-III (antithrombin III) on coagulation factors IIa and 
Xa more than 1000-fold. Heparin has a dose-dependent 
half-life, and the anticoagulant effect of heparin may be 
highly variable; so partial thromboplastin time (PTT) 
should be monitored closely, aiming for a therapeutic 
PTT between 1.5 and 2.5× the control. After achieving 
steady state, heparin has a half-life of ∼90 min, and 
clearance occurs via a dual mechanism. At therapeutic 
doses, clearance is predominantly through the reticu-
loendothelial system. At higher doses, renal clearance 
also occurs.11 The clearance of heparin from plasma may 
be reduced in patients with cirrhosis or severe renal 
impairment.

Heparin should be held 4–6 h prior to procedures 
with a significant bleeding risk.

For more rapid correction, intravenous protamine 
sulfate can be used to reverse heparin. One milligram 
of protamine sulfate reverses approximately 100 U of 
heparin.12 PTT or ACT (activated clotting time) can be 
checked to follow the reversal process.

Bleeding is the most frequently encountered adverse 
effect of heparin. In addition, heparin-induced throm-
bocytopenia (HIT) may also occur. This entity is an 
immunological response to heparin characterized by 
the occurrence of thrombocytopenia and venous and 
arterial thromboembolism. Two different forms of HIT 
are recognized: the first is a nonimmune-mediated reac-
tion occurring within 4 days of initiating heparin where 
platelets drop to between 100,000 and 140,000 μL. Type II 
is an immune-mediated reaction occurring 5–7 days 
after initial exposure to heparin, and platelet counts 
drop by more than 50%. Despite thrombocytope-
nia, bleeding complications are rare with thrombotic 
events being much more common, including extensive 
arterial thrombi in 20%–50% of patients. Warfarin 
administration may potentiate the hypercoagulable 
state, frequently requiring alternative anticoagulation, 
usually a direct thrombin inhibitor.13

9.1.3 Low-Molecular-Weight Heparin

LMWH is comprised of depolymerized fragments of hep-
arin, with an average molecular weight between 4 and 6 
kDa and inhibits factor Xa by inducing a conformational 
change in AT-III. The advantages of LMWH include 
fewer bleeding complications at therapeutic doses 

compared to unfractionated heparin, less incidence of 
osteopenia, and less platelet interactions.14 In addition, 
LMWH has predictable bioavailability and clearance, 
enabling weight-based dosing. This precludes the need 
for frequent laboratory monitoring and dose adjust-
ments. As LMWH has a longer half-life, it is suitable for 
once daily dosing and long-term therapy. It should be 
noted that the anti-Xa laboratory assay does not actually 
measure the degree of anticoagulation in vivo but rather 
the concentration of circulating LMWH, which depends 
on the dosing and renal clearance.

LMWHs should be stopped 12 h prior to an elective 
procedure. Protamine may be partially effective as a 
reversal agent to neutralize ∼60% of the circulating 
drug.15 In healthy volunteers given fondaparinux, rFVIIa 
normalized coagulation times and thrombin generation 
within 1.5 h, with sustained effect for 6 h.16

A crucial clinical point is that the administration of 
FFP will not correct the anticoagulant effect of either 
unfractionated heparin or LMWH and could actually 
enhance the heparins’ anticoagulant effect as it contains 
antithrombin.17

9.1.4 Direct Factor Inhibitors

DTIs (direct thrombin inhibitors) work by inhibiting 
thrombin, whose procoagulant properties include 
cleaving fibrinogen, activating the coagulation fac-
tors V and VIII, inducing platelet aggregation, up-
regulating expression of tissue factor on cell surfaces, 
and activating factor XIII that cross-links and stabilizes 
the fibrin clot.

Lepirudin and Bivalirudin are derived from hirudin, 
an anticoagulant that was first derived from leeches. 
Bivalirudin reversibly binds to the active and second-
ary binding sites of thrombin and is approved for use in 
coronary procedures. Argatroban is a synthetic direct 
thrombin inhibitor that is also approved for treating 
HIT, and its clearance is primarily hepatic. Dabigatran, 
like argatroban, directly inhibits both free and clot-
bound thrombin and is approved for treating nonvalvu-
lar atrial fibrillation.18

Most of the DTIs cause nonlinear prolongation of the 
PTT, and checking an ECT (ecarin clotting time) or TT 
(thrombin time) may be preferable to ensure minimal 
anticoagulant effect before a procedure.19

Indirect factor Xa inhibitors include rivaroxaban and 
pentasaccharides (e.g., fondaparinux), which are syn-
thetic compounds that exert antithrombin-dependent, 
exclusive inhibition of factor Xa, somewhat similar to 
LMWH. They too do not require monitoring of coagula-
tion parameters. They have been shown to be superior to 
LMWH in the prophylaxis of venous thromboembolism 
in patients undergoing hip or knee replacement and are 
being introduced into clinical practice.20 Rivaroxaban is 
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approved for nonvalvular atrial fibrillation and being 
investigated for use in acute coronary syndromes.21

Although these drugs have relatively short half-lives, 
no supported strategy is available for reversal of these 
direct factor inhibitors.

FFP is largely ineffective, as free circulating drug mol-
ecules will bind the prothrombin in the FFP. For this 
same reason, PCC has been shown to have an inad-
equate reversal of anticoagulation effect.22 Dabigatran 
has a high volume of distribution and may be cleared 
with multiple rounds of dialysis.23

Anticoagulant effect of rivaroxaban can be reversed 
with PCC, and tranexamic acid has been shown to 
reduce blood loss.19 Unfortunately due to high plasma 
protein binding rivaroxaban is nondialyzable.

9.1.5 Antiplatelet Agents

Aspirin is commonly used in the prevention and treat-
ment of myocardial infarction, strokes, and occlusion 
of smaller caliber vascular grafts and stents. It acts by 
irreversibly acetylating the platelet-associated enzyme 
cyclooxygenase, thus inhibiting the formation of throm-
boxane A2, a potent platelet aggregation agonist and 
mediator of vasoconstriction. Recovery is dependent on 
the interval needed to produce new functional platelets 
from the bone marrow. Approximately 7 days is usually 
required to restore adequate platelet function and effec-
tive hemostasis.24

Thienopyridine derivatives such as clopidogrel and 
ticlopidine act by blocking the ADP receptor on the 
platelet, which normally promotes platelet aggregation 
and secretion of vasoactive substances. The combination 
of clopidogrel and aspirin is shown to be superior over 
aspirin alone for patients after acute coronary events 
and coronary stent placement,25 and it is not infrequent 
to see patients on both drugs for 6–24 months post myo-
cardial stenting. Although the half-life of clopidogrel is 
8 h, the bleeding risk remains prolonged until complete 
recovery in functional platelet numbers occurs, usually 
at 7 days postcessation.

Phosphodiesterase inhibitors such as dipyramidole 
and cilostazol exert their antiplatelet effect by inhibit-
ing the phosphodiesterase enzymes that normally break 
down cAMP and cGMP, which mediate the inhibitory 
effect on platelet adhesion, granule release, and aggre-
gation, normally induced by prostacyclin and nitric 
oxide. Additionally, dipyridamole blocks the throm-
boxane synthase as well as the thromboxane receptor. 
Dipyramidole is used to prevent thromboembolic com-
plications associated with prosthetic heart valves and 
occasionally for prevention of transient ischemic attacks 
and bypass graft occlusion.26

Inhibitors of the glycoprotein receptor IIb/IIIa are 
potent inhibitors of platelet aggregation by competitively 

competing for fibrinogen and von Willebrand factor 
binding to platelets. They are used mainly in preventing 
coronary artery thrombosis post angioplasty, unstable 
angina, and cerebrovascular diseases, and can be found 
in oral as well as intravenous forms.27 Although they 
have an extremely short half-life of 1–2 h, the bleeding 
time remains elevated due to a protracted effect on plate-
let function, and surgery should be delayed for 36–48 h.

There are no formal guidelines and limited data 
regarding reversing antiplatelet agents. Aside from dis-
continuing the antiplatelet medication, options include 
administering desmopressin (deamino-d-arginine vaso-
pressin [dDAVP]) (IV 0.3 μg/kg), and transfusing plate-
lets. Methylprednisolone (20 mg) and aprotinin may 
reduce clopidogrel-induced bleeding, and zero balance 
ultrafiltration may be used with debatable efficacy.28 
Additionally there is a potential off-label rescue role for 
rFVIIa in life-threatening hemorrhage that still merits 
further research.29

9.1.6 Fibrinolytics

Fibrinolytics are commonly employed for reestablishing 
circulatory flow in deep vein thrombosis, acute throm-
bosis of peripheral, mesenteric and coronary arteries, 
and for opening up arteriovenous grafts and venous 
catheter devices.

Fibrin represents the final end product of the coagu-
lation cascade, and enzymatic degradation of fibrin is 
carried out by the fibrinolytic system, which provides 
feedback amplification and inhibition to prevent unre-
strained coagulation. Conversion of plasminogen into 
the active protease plasmin cleaves cross-linked fibrin, 
resulting in the dissolution of the clot. Plasminogen 
activators facilitate this conversion of plasminogen 
into plasmin.

Commonly used drugs are recombinant endogenous 
plasminogen activators such as alteplase, urokinase, 
and activators derived from exogenous bacterial sources 
such as streptokinase and reteplase.

Cryoprecipitate may be used to replace fibrinogen stores, 
particularly when fibrinogen levels are <100 mg/dL, and 
FFP may be administered to replenish the coagulation 
factors.30 Antifibrinolytic agents such as e-aminocaproic 
acid and tranexamic acid may also be utilized.

9.2 Complications of Transfusion

9.2.1 Immunologic Complications

Immunologic complications of blood transfusion are 
characterized as hemolytic (red-cell type) and nonhe-
molytic (non-red-cell type).
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9.2.1.1 Hemolytic Reactions

Hemolytic reactions occur as a result of the interaction 
between the antibodies in the plasma of the recipient 
and the ABO antigens on the red blood cells of the donor. 
Compared with other reactions, severe hemolytic reac-
tions are associated with the highest morbidity and mor-
tality rates. These reactions are usually acute, appearing 
within minutes after beginning the transfusion.

These reactions are usually due to misidentifying blood 
types on the blood product or by giving a properly labeled 
product to the wrong patient. To avoid these errors, the 
American Association of Blood Banks recommends that 
two unique identifiers (e.g., name and hospital identifica-
tion number) always be used when linking blood prod-
ucts and blood samples to the intended patient.31

Acute hemolytic reaction begins with the transfusion 
of as little as few milliliters of incompatible blood, and its 
severity is proportional to the volume of blood to which 
the recipient is exposed.32 This type of reaction is charac-
terized by pain at the infusion site, fever, chills, back and 
substernal pain, mental status changes, dyspnea, hypo-
tension, facial flushing, cyanosis, and a bleeding diathe-
sis.2,32 During a surgical procedure, the only evidence of 
an acute hemolytic reaction may be hypertension and 
myoglobinuria. Renal impairment33 and disseminated 
intravascular coagulation (DIC) may also be present.34

When acute hemolytic reaction is suspected, the trans-
fusion should be stopped immediately. The free hemo-
globin and haptoglobin concentrations in the patient’s 
serum should be assessed, and a direct Coombs’ test 
should be performed. The blood product in question 
should be returned to the blood bank for repeated type- 
and cross-match tests.35

Patients who are experiencing an acute hemolytic 
reaction characterized by urticaria or other allergic phe-
nomena should receive diphenhydramine (Benadryl® 
50 mg) intramuscularly or intravenously, immediately 
and every 6 h as needed. In addition, Ringer’s lactate 
solution should be administered intravenously with 
12.5–25 g of mannitol to ensure copious output of urine 
(100–200 mL/h). One to two ampules of sodium bicar-
bonate can be added to each liter of fluid to alkalinize the 
urine to a pH of at least 6.5. If shock occurs, hydrocorti-
sone and additional fluids should be administered.36

Hemolytic reactions may also be delayed. These reac-
tions are usually mild and appear 3–21 days after trans-
fusion, and affect patients who have previously been 
exposed to blood products. Several days after transfu-
sion, patients may experience hemolysis characterized by 
jaundice, hemoglobinuria, and decreased hematocrit, but 
as many as 35% of patients experience no symptoms.37 
Delayed hemolytic reactions are self-limiting, require no 
specific treatment, and do not affect the patient’s compat-
ibility in relation to future transfusions.35

Another type of hemolytic transfusion reaction 
relates specifically to pregnancy. In pregnant trauma 
patients, fetomaternal hemorrhage may cause a suf-
ficient quantity of Rh-positive fetal blood to enter the 
circulation of an Rh-negative mother, leading to allo-
immunization. This has no adverse health effects dur-
ing the pregnancy in which it occurs, but results in a 
rapid, amplified immune response if further maternal 
exposure to the antigen occurs during a subsequent 
pregnancy. Maternal anti-Rh antibodies cross the pla-
centa and bind to fetal antigens, causing erythrocyte 
destruction, which can lead to erythroblastosis fetalis, 
heart failure, hydrops fetalis, and intrauterine death.38 
Since transfused blood may cause a similar sensitiza-
tion, transfusions of blood from blood banks should be 
avoided in women who may later choose to bear chil-
dren.39 Quantitative testing for fetal maternal hemor-
rhage and administration of anti-Rh antibody should 
be considered in any pregnant Rh-negative patient after 
events potentially associated with placental trauma 
and/or disruption of the fetomaternal interface.40

9.2.1.2 Nonhemolytic Reactions

Nonhemolytic reactions are more frequent and lead to 
the development of fever, urticaria, hives, or respiratory 
distress after the administration of blood. The incidence 
of these reactions is approximately 2%–10%.41 They may 
be related to leukocytes or proteins, and the incidence of 
these reactions may be reduced by the use of packed RBC 
or filters that remove leukocytes from transfused blood.36

9.2.1.3 Febrile Reactions

Elevation in basal core temperature occurs in as many as 
7% of transfusion recipients, but is usually self-limiting.2 
Prior transfusions predispose the patient to the develop-
ment of fever-causing antibodies, which increases with 
repeated exposure to blood and blood products.

Febrile reactions are diagnosed by exclusion. The differ-
ential diagnosis includes red cell incompatibility, bacte-
rial contamination, and unrelated disease process. When 
fever occurs during transfusion, the transfusion should 
be stopped and studies should be conducted to rule out 
hemolysis. If hemolysis is not a possibility, the patient 
may be given antipyretic agents.42 Antihistamines are not 
effective in the treatment of febrile reaction; therefore, 
premedication is not indicated with future transfusions.35

9.2.1.4 Allergic Reactions

Two percent of transfusion reactions are classified as aller-
gic reactions that result from the transfusion of antigen 
or immunoglobulin to which patient has preexisting anti-
bodies.34 A blood transfusion recipient can experience an 
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allergic reaction to either medications or food ingested by 
the donor. The reaction can vary in severity from urticaria 
to anaphylaxis. Furthermore, allergic reaction can develop 
as a result of the passive transfer of sensitizing antibodies. 
When the recipient subsequently encounters the allergen 
to which the donor has produced antibodies, the recipient 
can experience an allergic reaction to that allergen. Unlike 
delayed hemolytic or febrile reactions, an allergic reac-
tion does not require prior exposure to blood. Symptoms 
range from urticaria and pruritus to a full anaphylactic 
response characterized by hypotension, cutaneous flush-
ing, and bronchospasm. In this situation, the transfusion 
should be stopped, and epinephrine may be required to 
support hemodynamics and relieve bronchospasm.42

With future transfusions, the use of washed RBCs 
may decrease the incidence of anaphylactic reactions. 
Furthermore, the customary type and cross-match test 
should be supplemented with an assay for complement-
activating activity.

9.2.1.5 Graft versus Host Disease

Graft versus host disease (GVHD) occurs after the infu-
sion of immunocompetent cells into a recipient whose 
immune system is incapable of rejecting the foreign 
cells. Consequently, the infused immunocompetent cells 
initiate rejection of the normal host tissues. Acute GVHD 
also occurs in recipients of allogenic bone marrow trans-
plants and in persons with primary immunodeficien-
cies who receive viable allogenic lymphocytes.43 Blood 
products that place patients at risk of GVHD are whole 
blood, packed RBCs, fresh plasma, granulocytes, and 
platelets. GVHD has not been seen after transfusion of 
frozen blood, FFP, cryoprecipitate, or washed red cells. 
Irradiated blood products also may be given safely.44

GVHD usually occurs 2–30 days after transfusion.45 
Fever occurs first. After 24–48 h, a generalized erythro-
derma begins to appear on the face (frequently behind 
the ears), and then spreads to the trunk and extremities. 
Bullous formations can occur. Skin biopsy shows exten-
sive lymphocytic infiltration. Other signs and symp-
toms include anorexia, nausea, vomiting, diarrhea, and 
hepatocellular dysfunction and pancytopenia. There 
have been no reports of the occurrence of GVHD among 
immunologically competent persons or among those 
lacking only humoral immunity.46

9.2.1.6 Posttransfusion Purpura

Posttransfusion purpura is a rare form of acute hem-
orrhagic thrombocytopenia that appears 1 week after 
transfusion and primarily affects multiparous women 
who lack the platelet-specific antigen (PLA) 1 (human 
platelet antigen [HPA] 1).47 Thrombocytopenia (platelet 
counts <50,000) results in bleeding from the skin and 

mucous membranes. Additional transfusions, even with 
platelets, accentuate the thrombocytopenia, but plas-
mapheresis and exchange transfusion have resulted in 
some benefit. The syndrome spontaneously abates in 
several days to months.35

9.2.1.7  Transfusion-Associated Circulatory Overload 
and Transfusion-Related Acute Lung Injury

Transfusion-associated circulatory overload (TACO) 
results from the inability of the circulatory system to effec-
tively handle the volume of transfusion. Risk factors for 
TACO include being at an extreme of age, cardiac or renal 
dysfunction, acute myocardial infarction, and individu-
als receiving plasma.48 Prevention centers on identifying 
patients at risk, and treatment is supportive with diure-
sis when possible. Transfusion-related acute lung injury 
is an acute respiratory distress syndrome that develops 
within 4 h after transfusion of blood and is characterized 
by dyspnea and hypoxia due to noncardiogenic pulmo-
nary edema. This injury has been estimated to occur 
once in approximately 5000 transfusions. This injury is 
most likely the result of several mechanisms leading to 
increased permeability of the pulmonary microcircula-
tion. Reactive lipid products that arise during storage of 
blood products and donor antibodies from multiparous 
women have been recently implicated in the pathophysi-
ology of transfusion-related acute lung injury.49 As in 
other cases of acute respiratory distress syndrome, sup-
portive therapy is indicated. At least 90% of the patients 
with transfusion-related acute lung injury recover.50

9.2.2 Immunomodulatory Complications

Numerous reports have suggested an increase in tumor 
recurrence and a decrease in survival for transfusion 
recipients who have colorectal, breast, cervical, lung, 
prostate, or head and neck tumors.51

Transfusions of RBCs are also associated with an 
increase in septic complications among patients undergo-
ing surgical procedures for carcinoma of the colon52 and 
among patients with multiple injuries.53 Among patients 
undergoing hip replacement or spine surgery, the post-
operative infection rate with allogenic blood transfusion 
appears to be 7–10 times higher than that associated with 
autologous blood or absence of transfusion.

9.2.3 Infectious Complications

The primary perceived risks associated with the trans-
fusion of blood and blood products are related to the 
transmission of infectious diseases. Human immunode-
ficiency virus (HIV) and hepatitis B and C viruses are of 
particular concern to patients. Although these risks are 
steadily decreasing with new screening tests and better 
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antiviral processing, there are still documented cases.54 
Bacterial contamination of blood units is directly related 
to the length of storage. The organism most commonly 
implicated in bacterial contamination of red cells is 
Yersinia enterocolitica.55 The risk of platelet-related sepsis is 
estimated to be far greater, especially with pooled plate-
let concentrates from multiple donors. The organisms 
most commonly implicated in death due to bacterial con-
tamination of platelets are Staphylococcus aureus, Klebsiella 
pneumonia, Serratia marcescens, and Staphylococcus epider-
midis.56 To date, there is no widely accepted test method 
or device that can identify bacterially contaminated blood 
products. In any patient in whom fever develops within 
6 h after platelet transfusion, the possibility of bacterial 
contamination should be examined, and empiric antibi-
otic therapy should be considered.

Estimates of the infectious risk per unit of blood are 
shown in Table 9.2.50

9.2.4 Complications of Massive Transfusion

Massive transfusion is arbitrarily defined as the replace-
ment of a patient’s total blood volume in <24 h, or as 
the acute administration of more than half the patient’s 
estimated blood volume per hour.

In traumatic shock, the severity of metabolic acidosis 
and the rapidity of its correction are correlated with the 
likelihood of survival. The predominant cause of acido-
sis is inadequate tissue perfusion, and the occurrence 
of this complication indicates a need for further resus-
citation. Stored red cells are acidic, but the metabolism 
of citrate produces alkalosis in vivo. Therefore, a pH 
imbalance to RBC transfusion itself is rare.

A growing body of evidence suggests that high ratios 
of FFP and platelets to RBCs improve survival in mas-
sively bleeding trauma patient.57 The mechanisms are 
unclear, but this benefit may be in part due to dimin-
ished coagulopathy. This was first noted in the military 
experience with transfusing whole blood.58

Each unit of PRBCs contains approximately 3 g of 
citrate, which binds ionized calcium. Because citrate is 
commonly used as an anticoagulant for blood storage, 
rapid infusion of blood may induce hypocalcemia if 
excess citrate binds with serum calcium. During massive 
transfusion, calcium levels should be checked routinely. 
Hyperkalemia is an often discussed but rarely docu-
mented complication of blood transfusion.59 Potassium 
escapes from RBCs during storage: the plasma potassium 
concentration can reach 70 mEq/L in a stored unit of 
packed RBCs. However, this is usually clinically insignif-
icant, because each unit of packed red cells contains only 
10–20 mL of plasma (1 mEq of potassium), and red cells 
resorb much of this leaked cation upon transfusion. Even 
so, death due to hyperkalemia has been associated with 
massive transfusion; therefore, the serum potassium con-
centration should be closely monitored.

Hypothermia can be avoided or at least minimized 
by warming all fluids, particularly blood, before they 
are infused. If transfusion-related hypothermia occurs, 
rapid infusion of warmed blood will help alleviate its 
deleterious effects.

When blood products are infused in too large a quan-
tity or at too fast a rate, overload can occur. Elderly 
and neonatal patients are most sensitive to rapid vol-
ume shifts and constitute the largest groups in which 
this condition commonly develops. Also, patients with 
impaired cardiac function require careful monitoring so 
as to prevent circulatory overload during transfusion. 
In trauma patients, this may have deleterious effects on 
pulmonary function and elevate abdominal compart-
ment, limb, and intracranial pressures. In mild cases 
of volume overload, decreasing the rate of transfusion 
or stopping it will allow equilibration. In more severe 
instances, aggressive diuresis should be provided.

9.2.5 Alternatives to Allogenic Transfusion

Several strategies exist to avoid blood transfusion alto-
gether. Preoperative autologous donation was rarely used 
before the recognition that HIV could be transmitted via 
blood transfusion. Autologous donation should only be 
considered if the likelihood of transfusion exceeds 50%.60

Acute normovolemic hemodilution entails the removal 
of whole blood from a patient immediately before sur-
gery and simultaneous replacement with acellular fluid 
such as crystalloid or colloid to maintain normovolemia. 
Blood is collected in standard blood bags containing 
anticoagulants, remains in the operating room, and is 

TABLE 9.2

Infectious Risks of Blood Transfusion

Risk Factor

Estimated 
per Million 

Units

Frequency 
per Actual 

Unit

No. of 
Deaths per 

Million Units

Viral infection
Hepatitis A 1 1/1,000,000 0
Hepatitis B 7–32 1/30,000–

1/250,000
0–0.14

Hepatitis C 4–36 1/30,000–
1/150,000

0.5–17

HIV 0.4–5 1/200,00–
1/2,000,000

0.5–5

HTLV types I and 
II

0.5–4 1/250,00–
1/2,000,000

0

Parvovirus B 19 100 1/10,000 0

Bacterial contamination
Red cells 2 1/500,000 0.1–0.25
Platelets 83 1/12,000 21

Note: HTLV, human T lymphotropic virus.
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reinfused after major loss of blood has ceased, or sooner 
if indicated. Intraoperative recovery of blood involves 
collection and reinfusion of autologous red cells lost by 
patient during the surgery. A cell-washing device can 
provide the equivalent of 10 units of banked blood per 
hour to a patient with massive bleeding. Relative con-
traindications include the potential for aspiration of 
malignant cells, the presence of infection, and presence 
of other contaminants as amniotic or ascitic fluid in the 
operative field. Because washing does not completely 
remove bacteria from the recovered blood, intraopera-
tive recovery should not be used if the operative field 
has gross bacterial contamination.50

Avoiding Complications

Complications Avoidance Strategies

Bleeding due to 
anticoagulants

1. Take a thorough history
2.  Stop anticoagulants at appropriate time 

interval prior to elective surgery
3. Know reversal agents or strategies
4. Monitor anticoagulation when possible

Hemolytic 
transfusion 
reactions

1.  Avoid blood transfusion with autologous 
donation, hemodilution, or intraoperative 
collection

2. Transfuse O-blood in the absence of typing
3.  Follow procedures for verifying patient and 

blood type
4. Consider Rh testing in childbearing women

Nonhemolytic 
transfusion 
reactions

Use leukocyte-filtered blood products

TACO Limit volume and rate of transfusion in those 
with extremes of age, cardiac or renal 
dysfunction, or acute myocardial infarction

TRALI It may be beneficial to avoid transfusing FFP from 
multiparous women

Complications 
of massive 
transfusion

1. Match transfusion of RBCs to FFP and platelets
2. Warm products before transfusion
3. Check labs frequently
4.  Do not transfuse blood products too quickly in 

high volumes, especially in the elderly, neonates, 
or patients with impaired cardiac function
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Antibiotics are frequently used as an adjunct to the surgical 
therapy of infections. All antibiotics are potentially harmful, 
and various benefit-to-risk factors must be considered when-
ever they are used.1 Antimicrobial chemotherapy used in asso-
ciation with surgery may be complicated by failure of therapy 
or unwanted side effects. Most antibiotic-related adverse 
reactions are predictable and are often dose-dependent. 
Unpredictable reactions occur independently of the dose 
and route of administration and are due to drug intolerance, 
allergy, and other idiosyncratic responses.2 Other reactions 

occur rarely and are unique to the compound administered; 
one such example is toxic epidermal necrolysis (Stevens–
Johnson syndrome) induced by sulfonamides.1

The problems encountered in the use of antimicrobial che-
motherapeutic agents can be conveniently divided into gen-
eral complications (e.g., those associated with the route of 
administration, hypersensitivity reactions, failure of therapy, 
induction of resistance, antagonism, and effects on immune 
response) and specific complications related to each individual 
antimicrobial agent.
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10.1 General Complications

10.1.1  Complications Associated with 
the Route of Administration

Oral administration of an antimicrobial agent may cause 
complications involving the gastrointestinal tract, such 
as nausea, vomiting, diarrhea, and gastritis. Parenteral 
administration of antimicrobial agents can result in 
reactions at the injection site, as well as local neuro-
vascular reactions, including warmth, vasospasm, pal-
lor, mottling, gangrene, numbness and cyanosis of the 
extremities, and neurovascular damage. Intravenous 
administration of antibiotics may cause thrombophlebi-
tis. Intramuscular injection of antibiotics may result in 
direct mechanical trauma to major nerves.3

10.1.2 Hypersensitivity Reactions

10.1.2.1 Anaphylaxis

Anaphylaxis is the most severe reaction to antibiot-
ics. It is most frequently encountered after parenteral 
injection of penicillin or one of its synthetic analogs. 
Clinically, the reaction may develop within minutes to 
hours of drug administration. Patients may experience 
primary vascular collapse with hypotension, as well as 
bronchospasm and laryngeal edema. Dermal manifesta-
tions include eruption and hives. Angioedema may also 
occur. The drug of choice for anaphylaxis is epineph-
rine, 1:1000, 0.3 mL intramuscular. Depending on the 
response, intravenous administration of epinephrine 
may be required. Progression of laryngeal edema may 
require immediate tracheostomy or cricothyroidotomy.4

10.1.2.2 Cutaneous Eruptions

Cutaneous eruptions, the most common manifestation 
of hypersensitivity to antibiotics, are due to delayed 
hypersensitivity mediated by the cellular immune sys-
tem. When a dermal reaction appears, the best course of 
action is to discontinue the administration of the drug.

Penicillins and cephalosporins both possess the beta-
lactam ring, but cross-reactivity probably occurs in no 
more than 1% of patients allergic to one of these types 
of antibiotics.5

10.1.2.3 Drug Fever

Drug fever is presumably a hypersensitivity reaction 
and may be the most difficult complication to diagnose 
because of its similarity to fever due to the infection. 
Drug fever may be associated with the use of any anti-
microbial agent and may be accompanied by eosino-
philia or cutaneous eruption. Drug fever can occur at 

any time, but usually has an onset of 7–10 days after the 
initiation of the drug, resolves with discontinuation of 
the drug, and recurs with reintroduction of the drug.6

10.1.3  Emergence of Resistance to 
Antimicrobial Agents

One of the most difficult problems in dealing with infec-
tious diseases is microbial resistance to antimicrobial 
agents. Qualitative antibiotic susceptibility profile and the 
quantitative minimum inhibitory concentration (MIC) of 
clinically indicated antibiotics can guide the selection of 
the appropriate antibiotic. The MIC is the concentration 
of the antibiotic that inhibits the growth of a standardized 
concentration of bacteria. Armed with a qualitative result 
of “sensitive,” the clinician can further refine the choice of 
antibiotic with the quantitative MIC and the knowledge 
from the package insert of the expected serum concen-
tration. All other things being equal, the antibiotic that 
will achieve the highest ratio of serum concentration to 
MIC will be the least likely to fail and the least likely to 
become resistant. Acquired resistance arises from the 
microbe’s acquisition of genetic material or its mutation. 
This occurs when the organism is exposed to the antibi-
otic. Excessive or unnecessary use of antibiotics increases 
the organism’s exposure to the antibiotic and the likeli-
hood of the development of resistance.7

Worldwide, many strains of Staphylococcus aureus 
are already resistant to all antibiotics except vancomy-
cin. Methicillin-resistant Staphylococcus aureus (MRSA) 
was first detected in England8 and constituted 46.7% 
of all S. aureus isolates collected in 1998 by the National 
Nosocomial Infections Surveillance (NNIS) Program 
of the Centers for Disease Control and Prevention.9 The 
2004 report from the NNIS showed methicillin resistance 
in S. aureus was up to 59.5% in nosocomial infections.10

Beta-lactamase production is also an important mech-
anism of resistance in Gram-negative organisms. There 
are now organisms whose beta-lactamase (ESBL) will 
hydrolyze the beta-lactam ring of multiple beta-lactam 
drugs.11,12 The ESBLs have become predominant in much 
of Asia and the Middle East13 and are becoming more 
common in North America.14 Vancomycin-intermediate 
and vancomycin-resistant strains of S. aureus have been 
isolated, although they have not yet become wide-
spread.15 Resistance to vancomycin has also become 
common in the enterococci,9,16 and there have been case 
reports of patients infected with vancomycin-depen-
dent enterococci.17

10.1.4  Clostridium difficile–Associated 
Diarrhea/Pseudomembranous Colitis

Treatment with antibacterial agents alters the nor-
mal flora of the colon and may permit overgrowth of 
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Clostridium spp. This was recognized early on with 
clindamycin, although currently it is recognized that all 
antibiotics pose a risk for the development of Clostridium 
difficile–associated diarrhea (CDAD). C. difficile produces 
toxins that can be assayed in the stool to make the 
diagnosis. CDAD and pseudomembranous colitis have 
evolved over the years to a virulent disease that can be 
lethal. Fulminant colitis is treated with colectomy.

Pseudomembranous colitis is diagnosed by proctos-
copy, which reveals raised yellow-whitish plaques on 
mucosa that is often erythematous or edematous and 
sometimes friable. The most important treatment for 
pseudomembranous colitis is prompt withdrawal of the 
causative antibiotic, physiologic support, and treatment 
of the C. difficile superinfection. Among patients with 
prolonged diarrhea after discontinuation of antimicrobial 
therapy, several studies conducted18,19 indicate that van-
comycin or metronidazole given by mouth is effective in 
eliminating C. difficile from the colon and subsequently 
relieving diarrhea. Treatment failures can be treated with 
vancomycin given orally at a dosage of 500 mg every 
6 h for 7–14 days. Other novel treatments are becoming 
available, including fidaxomicin, nitazoxanide, rifaximin, 
and monoclonal antibodies. Less exotic but successful in 
some cases is fecal transplant.20,21

Prevention is by avoidance of antibiotics. Prevention 
of transmission is by handwashing with soap and water. 
Alcohol hand gels do not kill the spores of C. difficile.22

10.1.5 Antagonism

Antibiotic antagonism implies that a combination of 
antibiotics yields a treatment effect less than the sum 
of the treatment effect of the two antibiotics. It is often 
referred to, but there is little support that it exists in a clin-
ically meaningful way. One plausible, but not clinically 
proven, mechanism of significance in surgery would be 
the combination of two beta-lactam agents when one is 
an inducer of a chromosomal beta lactamase.23

10.2  Specific Antibiotics and Their 
Associated Complications

Detailed listings of all reactions to antibiotics can be 
found in their package inserts or on the respective 
drug’s website. We present a broader overview of rel-
evant clinical concerns.

10.2.1 Beta-Lactam Antibiotics

The beta-lactam antibiotics (penicillins, cephalosporins, 
carbapenems, and the monobactam, aztreonam) can all 

cause the general adverse events listed earlier (anaphy-
laxis, cutaneous eruptions, drug fever, and the emer-
gence of resistance). Patients tend to report that they 
have a “penicillin allergy,” although this is frequently 
a rash not associated with a serious allergic reaction 
such as anaphylaxis. Adverse reactions to penicillins 
can include anaphylaxis, urticaria, hemolytic anemia, 
and serum sickness, all of which are rare. IgE-mediated 
rash, as well as nonallergic rash, is relatively common. 
GI complications include diarrhea in 2%–5% of patients, 
and enterocolitis in <1% of patients. Penicillins can 
rarely cause seizures. Any penicillin drug can cause 
interstitial nephritis (<1%).24

Beta-lactamase inhibitors used in combination drugs 
have been remarkably safe. Clavulanate has been 
known to cause dose-dependent diarrhea, but neither 
sulbactam nor tazobactam has caused any significant 
adverse effects.24

The surgeon is commonly faced with the dilemma of 
the “penicillin-allergic” patient who may need a cepha-
losporin for surgical prophylaxis. The greatest risk of 
cross-reactivity in a penicillin-allergic patient is with 
the administration of a first generation cephalosporin. 
The risk is reduced with a second-or-third generation 
cephalosporin (<1.5%). Options for the surgeon include 
the use of a non-beta-lactam antibiotic, use of a cepha-
losporin antibiotic, or performance of skin testing to aid 
the decision.25

Myriad adverse events have been reported for a 
remarkably safe class of drugs, the cephalosporins. Most 
of them are reported rarely or in <1%. The clinically 
relevant adverse events that occur with any meaning-
ful frequency are diarrhea (1%–19%), nausea/vomiting 
(1%–6%), and transient transaminase elevation (1%–7%). 
Cefotetan can cause a hypoprothrombinemia in <1% of 
patients that is reversible with vitamin K. Ceftriaxone in 
high doses can lead to biliary sludge from crystalliza-
tion in the biliary tree. Reports of this problem are in 
children receiving high doses of ceftriaxone.26

The carbapenem drugs share an adverse event profile 
with the other beta-lactams. All carbapenems have been 
associated with seizures.

The monobactam, aztreonam, is remarkably safe. 
Cross-reactivity to other beta-lactams does not occur.27

10.2.2  Aminoglycosides (Amikacin, Gentamicin, 
Tobramycin, Netilmicin, and Streptomycin)

All aminoglycosides have the potential to induce audi-
tory, vestibular, and renal toxicity, and neuromuscu-
lar blockade. These events are most common among 
patients with a history of renal impairment, those 
receiving other ototoxic or nephrotoxic drugs, and those 
treated for periods longer than recommended or given 
doses higher than recommended.28
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Damage to the vestibular system occurs more fre-
quently with gentamicin administration, and cochlear 
damage is more common with amikacin therapy.29,30 
Prolonged neuromuscular blockade and respiratory 
paralysis have been reported with the use of amino-
glycosides, especially in patients receiving anesthetics 
and neuromuscular blocking agents.28,31 Other effects 
of neurotoxicity may include numbness, skin tingling, 
muscle twitching, and convulsions. Aminoglycoside-
induced ototoxicity is usually irreversible.28

The most common clinical manifestation of genta-
micin nephrotoxicity is nonoliguric renal failure with 
proteinuria, and increased concentrations of serum 
creatinine and blood urea. Renal function changes are 
usually reversible when administration of the drug is 
discontinued.3 Although less common, an acute oli-
guric renal failure and a subsequent diuretic phase 
may occur.32 Avoiding this and other forms of toxicity 
requires careful monitoring of serum concentrations 
of aminoglycosides, when feasible, to ensure that drug 
concentrations are adequate, but are not at potentially 
toxic levels. Extended interval dosing reduces the inci-
dence of nephrotoxicity, but not ototoxicity.33

10.2.3  Tetracyclines (Doxycycline, 
Minocycline, and Tigecycline)

The use of drugs of the tetracycline class during tooth 
development (last half of pregnancy, infancy, and child-
hood to the age of 8 years) may cause permanent discol-
oration of the teeth (yellow, gray, or brown).28 Nausea, 
heartburn, epigastric pain, vomiting, and diarrhea are 
more commonly associated with tetracyclines than 
with most other orally administered antibiotics.3 The 
newer agent, tigecycline, has been useful against some 
multidrug-resistant acinetobacter and MRSA. However, 
a systematic review reveals significantly worse outcomes 
with tigecycline as compared to other agents, and recom-
mends it be used as a last resort for resistant infections.34

10.2.4 Fluoroquinolones

Quinolones have been reported to have myriad side 
effects, some so bad as to lead to withdrawal from the 
market. To varying degrees, the quinolones that remain 
on the market can cause alterations in blood glucose 
regulation, QTc interval prolongation, seizures, sponta-
neous tendon rupture, and phototoxicity. Like all antibi-
otics, they can also cause CDAD.35

10.2.5  Antifolate Agents 
(Trimethoprim–Sulfamethoxazole)

The most serious type of adverse reaction to sulfon-
amides (trimethoprim and sulfamethoxazole) is the 

Stevens–Johnson syndrome. This syndrome consists 
of erythema multiforme and ulceration of the mucous 
membranes of the mouth, eyes, and urethra, and it can 
sometimes be fatal.36 Acute agranulocytosis can occur, 
although it is more commonly associated with the use 
of older sulfonamides.3

10.2.6 Miscellaneous

10.2.6.1 Vancomycin

During or soon after rapid infusion of vancomycin, 
patients sometimes experience anaphylactoid reactions 
such as hypotension, wheezing, dyspnea, urticaria, or 
pruritus.28 Rapid infusion may also cause flushing of 
the upper body (“Red Man syndrome”),37 or pain and 
spasms in the muscles of the chest and back. Although 
such events usually resolve within 20 min, they are 
infrequent if vancomycin is infused slowly over a 60 min 
period.28 Ototoxicity has been reported in association 
with vancomycin. One study found that most patients 
who experienced ototoxicity had kidney dysfunction 
or were receiving an ototoxic drug such as aminoglyco-
side.38 Nephrotoxicity has occurred among patients who 
were given vancomycin and aminoglycosides concomi-
tantly, or who had preexisting kidney dysfunction.39

10.2.6.2 Clindamycin

Clindamycin is an old drug that has remained important 
in the surgical armamentarium because of its coverage 
of gram-positive cocci (useful for surgical prophylaxis 
in beta-lactam-allergic patients) and its coverage of oral 
anaerobes. It is associated with C. difficile colitis (dis-
cussed earlier), but all antibiotics are now known to 
be associated with C. difficile colitis. There is presently 
a resurgence in its use, because increasing proportions 
of acquired MRSA are susceptible to clindamycin.40 
Caution should be used, however, in the treatment of 
surgical site infections (SSI) with clindamycin. MRSA 
in SSI has been shown to be resistant to clindamycin in 
91% of cases in one series.41

The most common inciting agent for emergency 
department visits for adverse antibiotic effects is clinda-
mycin. Effects include rashes and fever. The most com-
mon side effect is diarrhea (non-C. difficile-related), in up 
to 20% of cases. CDAD is still a well-known complica-
tion of clindamycin.42

10.2.6.3 Linezolid

Myelosuppression, usually thrombocytopenia, but 
including red cell aplasia and pancytopenia have all 
occurred with linezolid use. Hematologic monitoring 
for patients on linezolid is recommended. Lactic acido-
sis can occur, and is thought to be due to interference 
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with mitochondrial protein synthesis. Neuropathies 
have also been reported, including optic nerve, periph-
eral nerves, and cranial nerves.43

10.2.6.4 Metronidazole

Metronidazole is generally well tolerated. The most 
common side effects are in the gastrointestinal system, 
most commonly nausea and epigastric distress. A metal-
lic taste in the mouth is commonly reported as well. 
Neurologic side effects can occur, and may include neu-
ropathy, headache, syncope, and are uncommon. There 
are significant interactions with food and other drugs, 
including disulfiram-like reactions, psychosis, and sud-
den death when combined with alcohol or disulfiram, 
increased drug levels of cyclosporine and tacrolimus, 
and increased warfarin levels.44

10.2.7 Antifungal Agents

10.2.7.1 Polyenes (Amphotericin B)

Before the advent of the lipid formulations of amphoter-
icin B, the deoxycholate form of the drug was commonly 
referred to as amphoterrible B, because of the acute sys-
temic reaction it caused, including fever and rigors, 
as well as dose-dependent renal failure. There is an 
expected reversible azotemia, with creatinine rising up 
to 2–3 g/dL. Treatment should continue despite this azo-
temia. The most important side effect of amphotericin 
B is dose-related nephrotoxicity, with the destruction of 
the renal tubules. This toxicity may be attenuated by the 
use of liposomal or lipid emulsion preparations. These 
effects are very much attenuated with the lipid prepara-
tions of the drug.45Although rare, anaphylaxis has been 
associated with both amphotericin–deoxycholate and 
liposomal amphotericin B.46

10.2.7.2 Azoles

Fluconazole and other azole agents are well tolerated, 
but can cause hepatic reactions, usually mild transient 
elevations in transaminases, in up to 10% of patients. 
Uniquely, voriconazole can cause a transient visual dis-
turbance, which should not cause cessation of therapy.45

10.2.7.3 Echinocandins

The echinocandins, caspofungin, micafungin, and 
anidulafungin, are remarkably safe. They are neither 
hepatotoxic nor nephrotoxic. They may occasionally 
cause some histamine-related side effects.45

10.2.7.4 Colistin

Colistimethate has emerged as a drug of last resort for 
Acinetobacter baumannii infections for multidrug-resistant 

isolates. It has been used both intravenously and inhala-
tionally. Intravenous administration is associated with 
reversible, dose-dependent nephrotoxicity. Neurologic 
side effects ranging from not uncommon paresthesias 
to rare neuromuscular blockade have been reported. 
Inhalational therapy is generally well tolerated.47,48

10.3 Surgical Site Infections

SSI are a complication of surgery, not of antibiot-
ics. However, the role of antibiotics in the prevention 
and treatment of SSI merits mention in this chapter. 
Antibiotics of the appropriate spectrum administered 
in the hour prior to surgery can reduce the incidence of 
SSI. SSI can involve the superficial incision (no fascia or 
muscle), the deep incision (to include fascia or muscle), 
or the organ space.49 Risk factors for SSI include the 
contamination category of the wound (clean contami-
nated or worse is a risk factor), the American Society of 
Anesthesiologists score of the patient, and the length 
of time it takes to complete the surgery, as well as 
other factors that refine the earlier-mentioned three 
major predictors.50 Treatment of SSI follows basic sur-
gical principles. Superficial SSI without cellulitis can 
be treated by simply opening the wound and allowing 
drainage; antibiotics do not have a role. The presence 
of cellulitis is an indication for antibiotic treatment. 
Deep SSI may require debridement of involved fascia 
or muscle, as well as antibiotics. Organ space infec-
tions are typically treated with drainage, most com-
monly percutaneous, and antibiotics. Nonantibiotic 
approaches to the prevention of SSI include mainte-
nance of intraoperative euthermia, administration of 
a high fraction of inspired oxygen intraoperatively, 
adequate nutritional support preoperatively, appropri-
ate antiseptic skin preparation, appropriate timing of 
preoperative shaving, and adequate glycemic control.51 
These are all surrounded in controversy as to their 
specifics. The practitioner will need to use judgment in 
this regard until such a time as funding becomes avail-
able to study them adequately.

10.4 Conclusion

In conclusion, despite the medical advances that have 
been made due to the development of antibiotics, signifi-
cant complications can occur from their use. Practitioners 
must remain abreast of the literature regarding the poten-
tial complications of the prescribed therapy.
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Antibiotic-Induced Side Effects

General Side Effects

Side Effect Highest Incidence
Nausea, vomiting Macrolides4

Diarrhea Macrolides, ampicillin, amoxicillin-
clavulanic acid4

C. difficile diarrhea Beta-lactams4,24—May occur weeks 
after exposure

Anaphylaxis Beta-lactams (0.01%)4,24,52

Cutaneous eruptions/
drug rash

Beta-lactams (4%–8%), Trimethoprim 
sulfamethoxazole (TMP–SMX)4,24 
—Most common manifestation of 
antibiotic hypersensitivity4,5

Drug fever Beta-lactams4,24 —10%–15% of 
unexplained fevers in hospitalized 
patients4

Seizures Imipenem, ciprofloxacin4

Photosensitivity Tetracycline3

Tendonitis, tendon rupture Ciprofloxacin (<1%)
Hepatitis Isoniazid4

Interstitial nephritis Oxacillin4

Ototoxicity Aminoglycosides (10%–22%)53,54

Nephrotoxicity Aminoglycosides (7%–25%),53 
amphotericin (60%–80%)55

Myelosuppression Linezolid4

Hepatotoxicity Rifampin4

Erythema multiforme or 
Stevens–Johnson 
syndrome

TMP–SMX4

Prolonged QTc interval Erythromycin, quinolones4 —Occurs 
rapidly after administration, subsides 
with withdrawal

Hyperbilirubinemia Ceftriaxone4 —May cause kernicterus 
during pregnancy

Flushing Vancomycin4

Metallic taste Clarithromycin, metronidazole4

Common Side Effects by Drug Classes

Drug Class Side Effects

Beta-lactams24 Diarrhea (2%–5%); enterocolitis (<1%);
interstitial nephritis (<1%)

Aminoglycosides Ototoxicity (10%–22%)53,54; 
nephrotoxicity (7%–25%)53; 

neurotoxicity (very rare)
Tetracyclines Permanent tooth discoloration during 

development28

GI symptoms (nausea/vomiting, 
heartburn, diarrhea)3

Fluoroquinolones35,56 QTc interval prolongation; seizures; 
phototoxicity

TMP–SMX36 Stevens–Johnson syndrome
Vancomycin Anaphylactoid reaction (hypotension, 

wheezing, dyspnea, urticarial) with 
rapid administration (10%)57;
nephrotoxicity39

Clindamycin42 Diarrhea (20%)
Linezolid43 Myelosuppression; neuropathies 

(optic, peripheral, cranial)

Drug Class Side Effects

Metronidazole GI symptoms 
(nausea, heartburn, metallic taste)44

Disulfiram-like reaction with alcohol58

Amphotericin46 Nephrotoxicity (attenuated with 
liposomal preparation)

Azoles45 Elevated transaminases
Colistin47,48 Nephrotoxicity

Neurotoxicity (paresthesia, 
neuromuscular blockade)

Avoidance of Antibiotic-Induced Side Effects

Side Effect Prevention/Treatment of Side Effect

Nausea, vomiting Take with meals, avoid alcoholic beverages
Diarrhea Concomitant probiotic administration59

C. difficile diarrhea Judicious use of antibiotics when clinically 
indicated

Anaphylaxis Intramuscular epinephrine used for 
treatment

Seizures Adjust imipenem dose for renal function
Photosensitivity Avoid prolonged outdoor exposure while 

taking
Ototoxicity Concomitant aspirin administration60

Nephrotoxicity Adequate fluid hydration, avoid additional 
nephrotoxic drugs

Myelosuppression Weekly hematologic monitoring and 
prompt discontinuation of linezolid at 
first sign of myelosuppression

Hepatotoxicity Avoid additional hepatotoxic medications/
alcohol

Erythema multiforme 
or Stevens–Johnson 
syndrome

Drug avoidance

Prolonged QTc 
interval

Prompt discontinuation of drug

Flushing Slow intravenous infusion
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11.1 Introduction

Shock may be broadly defined as hypoperfusion of end 
organs. It is important to differentiate shock from hypo-
tension, since hypoperfusion can exist in the face of normal 
blood pressure, and low blood pressure does not neces-
sarily imply inadequate blood supply. Simply conceived, 
the mammalian circulatory system may be thought of as 
the plumbing to a modern apartment complex. The water 
supply to an apartment (or number of apartments) may 
fail for any number of reasons, including leaking pipes, 
inadequate water pressure, pump failure, insufficient 
total water supply, misdirection of water, overuse, and 
clogged pipes, to name a few. Intuitively, each form of 
shock is best addressed after recognizing the underly-
ing pathophysiology. Hypovolemic shock (often of hem-
orrhagic etiology in the setting of trauma and surgery) 
and septic shock together account for most nonneurologic 
deaths in the classic trimodal distribution of mortality fol-
lowing trauma.1 The complications associated with these 
two forms of shock are the focus of this chapter.

Using the apartment complex plumbing model, 
understanding the initial insult of hemorrhagic shock 
is relatively straightforward in principle: a broken pipe, 
causing volume loss. Septic shock, by comparison, may 
be more complicated. At various stages of sepsis, blood 

vessels become leaky, blood supply may be shunted 
away from target organs, oxygen demand may outstrip 
supply, and pump failure may ensue, with each type of 
dysfunction contributing to another. On a cellular level, 
there is evidence to suggest that even the mitochondria—
the “faucets” of the individual apartments—malfunction 
during septic shock. However, the downstream effects 
of both septic and hemorrhagic shock can be remark-
ably similar, suggesting a common mediator. Recent 
evidence suggests that the common mediators may be 
prokaryotic peptides— released from invading micro-
organisms in the setting of sepsis, and from native mito-
chondria in the setting of trauma.2

The complications of hemorrhagic and septic shock, 
organized by specific type of organ dysfunction, are 
listed in this chapter. A summary of means to treat and 
avoid each general complication is also provided.

11.2 Individual Organ System Dysfunction

11.2.1  Renal Complications: Acute Kidney 
Injury and Acute Renal Failure

Acute renal dysfunction can be defined and classified 
by the RIFLE (Risk, Injury, Failure, Loss, and End-stage 
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renal disease) criteria. In this system, at-risk patients 
are determined by a serum creatinine increase of 50% 
above baseline, or sustained urine output <0.5 mL/kg/h 
for 6–12 h. By contrast, injury is characterized by a dou-
bling of creatinine, or urine output <0.5 mL/kg/h for 
12 h, and failure as a tripling of creatinine, serum cre-
atinine >4 mg/dL, urine output less than 0.3 mL/kg/h 
for 24 h, or anuria for 12 h. Loss and End-stage renal 
disease are diagnosed by the absence of renal function 
ranging from weeks to months. Worsening degrees of 
dysfunction based on the RIFLE criteria correlate with 
worse outcomes and mortality. As many as one-third of 
ICU patients develop acute kidney injury (AKI).3 The 
AKI network (AKIN) criteria for AKI is a modification 
of the RIFLE criteria, in that AKI is defined as a rapid 
(within 48 h) rise in creatinine ≥0.3 mg/dL, a percent-
age increase of serum creatinine ≥50%, or a reduction 
in urine output to <0.5 mL/kg/h for >6 h (similar to “at 
risk” patients by the original RIFLE criteria).

Under normal physiologic conditions, the kidneys 
receive about one quarter of cardiac output, a dispro-
portionately large fraction given their relatively small 
mass. Along with the skin and gastrointestinal tract, 
the kidneys are particularly sensitive to hypotension, 
whether hypotension results from hemorrhage or sep-
sis. Renal dysfunction in these settings has usually 
been attributed to ischemia—oxygen demand exceed-
ing supply. However, apoptosis occurs in addition to the 
random necrosis one would expect in a purely ischemic 
scenario. Oxygen-free radicals and several other media-
tors in the inflammatory cascade have been isolated 
(including TNF-α, IL-1β, and thromboxane A2), suggest-
ing reperfusion injury.4

Prevention of renal dysfunction, as one would expect, 
centers on resuscitation with early achievement of 
hemodynamic goals. Typically, this process entails lib-
eral administration of intravenous fluids. Isotonic crys-
talloids are a practical and cost-effective choice; colloids 
offer no apparent benefit over crystalloids, and hydroxy-
ethyl-starch solutions such as hetastarch may worsen 
renal function.5 Judicious use of certain vasopressors, 
including norepinephrine, dobutamine, and vasopressin, 
following optimization of fluid status, may also protect 
renal function for persistently hypotensive patients. The 
theoretical benefits of low-dose, “renal dose” dopamine, 
however, have not been substantiated, although fenoldo-
pam, a dopamine receptor agonist highly selective for 
vasodilation of the renal and splanchnic beds, may be of 
some use in the perioperative period.6 Of course, shock 
is rarely the sole threat to the kidneys in any critically ill 
patient. Nephrotoxic medications, intravenous contrast 
agents, and rhabdomyolysis frequently may threaten 
renal function in the setting of shock.

Treatment and reversal of renal dysfunction following 
shock is a complicated and often unsatisfying endeavor. 

Loop diuretics are commonly used with the hope of 
maintaining urine output as well as fluid and electrolyte 
balance. However, clinical trials using loop diuretics fol-
lowing the onset of renal failure failed to show a change 
in mortality or recovery of renal function and may even 
increase the risk of end-stage disease.7 Early initiation of 
certain renal replacement therapies has also been inves-
tigated, both as a supportive measure and as a means to 
restore renal function. Given the role of inflammatory 
mediators in shock and AKI, high-volume continuous 
veno-venous hemofiltration (CVVH) appears intuitively 
promising for ridding the body of such mediators and 
potentially halting or reversing renal injury. While 
some small studies suggest that CVVH improves in 
renal function, two large, randomized controlled mul-
ticenter trials failed to demonstrate a reduction in either 
mortality or renal failure in patients with AKI injury 
on high-volume hemofiltration versus conventional 
renal replacement therapies.8,9 Regardless, short- and 
long-term means of renal replacement are necessary to 
maintain metabolic homeostasis for 5% of critically ill 
patients, and for patients experiencing hemodynamic 
instability due to shock, continuous methods such as 
hemofiltration appear better tolerated than intermittent 
hemodialysis. Moreover, early renal replacement ther-
apy appears to result in better outcomes.

11.2.2  Pulmonary Complications: Acute Lung Injury 
and Acute Respiratory Distress Syndrome

Like the kidney, the lung is a common casualty of hypo-
volemic and septic shock. Pulmonary complications 
of shock are typically manifest by a clinical syndrome 
known as acute respiratory distress syndrome (ARDS). 
ARDS has the following clinical features: bilateral infil-
trates on plain x-ray of the chest, resembling pulmonary 
edema, the absence of clinical evidence of congestive 
heart failure, severe hypoxemia resulting in an arte-
rial to inhaled oxygen ratio (PaO2/FiO2) of <200, and 
the presence of a known risk factor. Acute lung injury 
(ALI) represents a less severe form of this picture, with 
a PaO2/FiO2 ratio of <300. The multiple, widely diver-
gent underlying pathologies known to cause ARDS and 
ALI converge on a single downstream effector: dam-
aged and leaky pulmonary capillary endothelium. The 
microscopic consequence is thrombosis and even oblit-
eration of distal pulmonary vasculature, with protein-
aceous fluid escaping to flood the alveoli.

ARDS is responsible for an abundance of ICU mor-
bidity, mortality, and resource expenditure, prompt-
ing a correspondingly high degree of investigation.10 
Although mortality has diminished, definitive answers 
on the questions of prevention and treatment remain 
quite limited. In patients with ALI, the more hemor-
rhage and blood transfusions, the greater is the risk 
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progression to ARDS, raising the hope that expedi-
ent patient management combined with a restrictive 
transfusion strategy may confer some protection. A 
relatively restrictive approach to fluid resuscitation has 
been shown to improve lung function in patients with 
ALI, and decrease total ventilator days, but nonetheless 
failed to demonstrate a change in survival.11 Despite 
prior observational studies to the contrary, the recent 
EDEN trial showed no difference in infectious com-
plications or ventilator days among patients with ALI 
receiving initial trophic or “trickle” tube feeding (10–20 
mL/h) for 6 days versus those rapidly advanced to full 
caloric needs.12

After the onset of ARDS, treatment options are plenti-
ful, but treatment options with known benefits are less so. 
To date, only volume-restricted, “lung-protective” venti-
lation is widely accepted to reduce mortality in patients 
with ARDS, due largely to findings of the ARDSNet 
study.13 This study compared ARDS patients ventilated 
with 12 mL/kg ideal body weight tidal volume and pla-
teau pressures <50 mm Hg, to those receiving 6 mL/kg 
ideal body weight and plateau pressures <30 mm Hg. 
Restricting tidal volumes produced a significant relative 
reduction in mortality of 25%. Permissive hypercapnea 
associated with this strategy is generally well-tolerated.

Other treatment strategies for ARDS and ALI include 
the popular “open lung” ventilation techniques, but 
they lack such a clear-cut survival benefit. Open lung 
ventilation is defined by a positive end-expiratory 
pressure (PEEP) set above the initial opening alveolar 
pressure, as determined by the lower inflection point 
on the sigmoidal pressure–volume curve (Figure 11.1). 
Recruitment maneuvers (a few moments of sustained 
high inspiratory pressure at the initiation of mechani-
cal ventilation) are commonly used to open collapsed 

alveoli, followed by PEEP to maintain their patency and 
capacity for gas exchange. PEEP improves oxygenation, 
but studies seeking to demonstrate a mortality benefit 
have yielded conflicting data. In patients with ALI, as 
opposed to ARDS, higher levels of PEEP may actually 
be harmful. PEEP and recruitment maneuvers can pro-
duce deleterious hemodynamic effects that may account 
for some mixed success in ARDS, especially in the set-
ting of hypovolemic or septic shock. Airway pressure 
release ventilation (APRV) is a ventilatory mode that 
supports spontaneous ventilation at consistent mod-
erately elevated airway pressures (around 25 mm Hg), 
with the hope of re-establishing normal chest wall 
compliance and avoiding shear forces related to pres-
sure changes. High-frequency oscillatory ventilation 
(HFOV) uses a piston-driven ventilator to administer 
relatively tiny tidal volumes well below the dead-space 
volume. This creates continuous convection and other 
complex patterns of air flow, while maintaining mean 
airway pressure. HFOV is currently under investiga-
tion in the randomized multicenter OSCILLATE and 
OSCAR trials.

Prone positioning has become popular as a means to 
address the ventilation–perfusion mismatch associated 
with ARDS. Directing blood flow by gravity into the 
better aerated, upper and anterior regions of the lungs 
indeed improves oxygenation (Figure 11.2), but two 
large, multicenter randomized controlled clinical trials 
showed no change in survival, and even raised some 
concerns for airway loss and decubitus ulcer forma-
tion in prone patients.14,15 Inhaled vasodilators such as 
nitric oxide and aerosolized prostacyclin offer the same 
theoretical advantage as prone positioning, by drawing 
increased blood flow to functioning alveoli, but neither 
has conferred improved survival.

Extracorporeal membrane oxygenation (ECMO) 
bypasses native lung function and avoids the down-
sides of both “lung-protective” and “open lung” ventila-
tion strategies entirely.16 The CESAR trial demonstrated 
a significant drop in mortality of adult patients with 
ARDS following transfer to a ECMO referral center, but 
since many of the transferred patients never received the 
intended ECMO intervention, it is unclear whether the 
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FIGURE 11.2
Zones of the lung according to ventilation and perfusion in the 
(a) upright and (b) supine patient. Prone positioning temporarily 
directs blood flow by gravity into the better aerated, more open lung 
regions, thus helping correct a ventilation–perfusion mismatch.

Vo
lu

m
e

Set PEEP

Pressure

FIGURE 11.1
Open lung ventilation. The alveoli are maintained at or above their 
opening pressure by setting the PEEP higher than the lower inflec-
tion point on the pressure–volume curve.



102 Complications in Surgery and Trauma

© 2008 Taylor & Francis Group, LLC

mortality benefit can be attributed to ECMO or rather 
the protocolized, system-wide evidence-based manage-
ment provided by a tertiary center.17 While we await the 
results of future studies, current data suggest that, when 
feasible, earlier implementation of APRV, HFOV, and 
ECMO may improve outcomes, and such interventions 
should not be viewed solely as strategies of last resort.

11.2.3  Cardiac Complications: Systolic 
and Diastolic Dysfunction

The heart is vulnerable to septic and hypovolemic 
shock, although the definitions of this dysfunction and 
descriptions of the underlying pathophysiology are con-
siderably more vague. Rubrics to grade cardiac dysfunc-
tion include such parameters as systolic blood pressure, 
heart rate, central venous pressure (CVP), arrhythmias, 
and cardiopulmonary arrest, and therefore gener-
ally incorporate the entire cardiovascular system as 
a whole rather than isolate the cardiac muscle itself. 
Physiologically, this is a sound approach, since each 
component of the hemodynamic circuit is intimately 
dependent on the others, and cardiac dysfunction in 
the setting of shock is perhaps inherently multifactorial, 
resulting as much from variations in preload and after-
load as from electrolyte imbalances and derangements 
in autonomic and endocrine input.

Multiple animal studies on hemorrhagic shock dem-
onstrate alterations specifically in systolic cardiac 
muscle contractility, and a number of potential inflam-
matory mediators with known cardiac depressant 
effects have been isolated.18 In addition, there appears 
to be a component of diastolic dysfunction (defined as 
impaired ventricular relaxation) following hemorrhage. 
Septic shock is another culprit, resulting in myocardial 
suppression and impaired cardiac relaxation, a phe-
nomenon well-documented in reproducible animal 
models and in clinical observation. Most clinicians 
are familiar with the entity termed “troponin leak” as 
well as the spikes in B-type natriuretic peptide believed 
to be a manifestation of this cardiac insult. A grow-
ing number of surgical intensivists are now trained in 
echocardiography, and have found that some degree of 
diastolic dysfunction may exist in one-third of critically 
ill trauma and surgery patients undergoing echocardio-
gram. Diastolic dysfunction has been identified as an 
independent predictor of mortality and prolonged ven-
tilator dependence.19

While shock-induced cardiac dysfunction can be quite 
profound initially, long-term prognosis for survivors is 
good, and many patients return to normal levels of car-
diac performance. The mainstay of both treatment and 
prevention to date remains early, goal-directed therapy, 
including fluid resuscitation and inotropic support 
titrated to specific clinical end points.20 Multiple other 

therapies remain in the experimental stages, including 
various antioxidants, anti-inflammatory agents, statins, 
and beta-blockers. Ventricular assist devices have been 
trialed in animal models following resuscitation from 
hemorrhagic shock with promising results. However, it 
remains to be seen which, if any, of these therapies will 
prove superior to conventional goal-directed resuscita-
tion and supportive management.

11.2.4  Endocrine Complications: Adrenal Failure, 
Hypothyroidism, and Insulin Resistance

Sheehan syndrome was described in 1937 as a disrup-
tion of the hypothalamic–pituitary axis secondary to 
peripartum hemorrhagic shock. Findings include hypo-
thyroidism, adrenocortical insufficiency, failure of lacta-
tion, and cessation of menses, resulting from ischemic 
necrosis of the pituitary gland. In some cases, computed 
tomography or magnetic resonance imaging actually 
demonstrate an empty sella turcica. The lesser-known 
Simmonds syndrome is pituitary dysfunction in either 
gender following traumatic hemorrhage. A great deal 
of interest has centered on adrenocortical insufficiency 
from either hypovolemic or septic shock. The most 
obvious clinical manifestation of adrenocortical insuffi-
ciency is refractory hypotension, perpetrating a vicious 
cycle. Adrenocortical insufficiency has been variously 
defined as a baseline serum cortisol concentration 
<10–25 μm/dL or an increase of <9 μm/dL within 1 h 
following administration of 250 μm of cosyntropin. In 
some cohorts, more than half of the patients with sepsis 
or hemorrhagic shock have at least occult adrenocortical 
insufficiency on the basis of laboratory values.21 Severe 
hyperacute adrenal insufficiency is present at the time 
of admission in 16% of trauma patients with evidence 
of ongoing hemorrhage.22 Most recently, studies suggest 
the existence of relative adrenal insufficiency, defined 
by shock that improves following administration of ste-
roid replacement therapy, regardless of serum labora-
tory values.

Compared to hemorrhage patients without adrenal 
dysfunction, hypoadrenal patients may have worse out-
comes in terms of mortality and ICU length of stay. In 
septic patients, poor adrenal function appears to corre-
late with mortality as well. Treatment of adrenal insuffi-
ciency remains a topic of controversy. Earlier controlled 
clinical trials demonstrated a 10% absolute reduction in 
mortality associated with steroid replacement therapy 
in adrenally insufficient septic patients,23 but the more 
recent CORTICUS trial found no such difference in sur-
vival.24 Both studies, however, demonstrated a rapid 
weaning from vasopressor support following admin-
istration of intravenous hydrocortisone. Moreover, the 
study protocols and populations were markedly differ-
ent, suggesting that patients with the most severe sepsis 
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were most likely to benefit. The CORTICUS trial also 
demonstrated that results of the commonly performed 
cosyntropin stimulation test had little or no bearing on 
whether a patient would benefit from steroid therapy, 
prompting guidelines that patients with severe sepsis 
or septic shock should receive a course of hydrocorti-
sone and possibly fludrocortisone (a mineralocorticoid) 
whether or not they are found to be adrenally insuffi-
cient by serum laboratory measures. In patients with 
adrenal insufficiency following hemorrhage, hydro-
cortisone potentiates the sympathetic vasoconstrictive 
mechanism, but downstream improvements in mortal-
ity or other end points are as yet unsubstantiated. Thus, 
exogenous steroid administration continues to play a 
relatively minor role in patient management following 
hemorrhagic shock. In both septic and hemorrhagic 
adrenal insufficiency, spontaneous recovery of endo-
crine function following resolution of the initial insult 
is typical.

Hypothyroidism is another very common complica-
tion of hemorrhagic or septic shock, but, again, treatment 
in the acute setting of critical illness remains controver-
sial. The terms “sick euthyroid syndrome” and “nonthy-
roidal illness syndrome (NTIS)” have arisen to describe 
a state of suppressed triiodothyronine (T3), with normal 
or decreased thyroxine (T4) and thyroid-stimulating 
hormone (TSH). It would seem logical that low thyroid 
hormone levels would exert deleterious metabolic and 
cardiovascular effects, and in some specific scenarios, 
such as severe traumatic brain injury, T4 supplementa-
tion may prove key to maintaining hemodynamic sta-
bility. In 10% of patients with shock, hypothyroidism 
may coincide with hypoadrenalism, and the concern 
for synergistic effects frequently prompts thyroid hor-
mone supplementation. However, despite many studies 
on the subject, no clear evidence exists that correcting 
the apparent thyroid hormone deficiency will alter out-
come, and the clinical significance of the syndrome 
itself remains in question.25

Unlike adrenocortical insufficiency and hypothyroid-
ism, the well-documented phenomenon of hyperglyce-
mia accompanying both septic and hemorrhagic shock 
appears to be a failure of end-organ sensitivity, not hor-
mone production itself. To prevent hyperglycemia, par-
enteral nutrition should be avoided if at all possible, and 
enteral nutrition provided on a regular, and ideally con-
tinuous, basis. Medications such as steroids known to 
cause hyperglycemia should be given in the minimum 
effective dosing regimen, and discontinued promptly 
when no longer needed. Treatment of insulin resistance 
is typically accomplished by the administration of exog-
enous subcutaneous insulin—four to six times per day 
on a sliding scale dosing regimen, or, when necessary, 
with a continuous intravenous drip and hourly blood 
glucose monitoring. Long-acting glargine insulin is 

often added once or twice daily when predictable insu-
lin requirements are established.

The debate over the optimal degree of glucose control, 
however, is far from settled. Van den Berghe and col-
leagues demonstrated significantly decreased rates of 
organ dysfunction, infectious complications, and overall 
mortality in a large cohort of surgical ICU patients when 
goal blood glucose was maintained at 80–110 mg/dL.26 
This finding, however, was not substantiated by the 
subsequent NICE–SUGAR trial in 2009, demonstrat-
ing a slight but significant increase in 90-day mortality 
when attempts were made to maintain blood glucose 
between 81 and 108 mg/dL, as opposed to <180 mg/dL, 
in a combined cohort of critically ill medical and surgi-
cal patients.27 The populations studied were not directly 
comparable, and the full extent of this controversy is 
beyond the scope of this chapter. Multiple studies sup-
porting both sides of the glycemic control issue have 
been published since then, and the fact remains that 
some effort at hyperglycemic control with insulin sup-
plementation appears beneficial, although the degree 
of control likely hinges on the particular patient pop-
ulation.28 In particular, perioperative cardiac surgery 
patients are one population believed to gain substantial 
benefit from strict blood glucose regulation.29

11.2.5  Hematology: Coagulopathy and 
Bone Marrow Failure

Inflammation—whether from sepsis or traumatic 
hemorrhage—and the clotting cascade are extensively 
intertwined, each triggering the other at multiple levels. 
Tumor necrosis factor-alpha (TNF-α), interleukin-1, and 
interleukin-6 are all cytokines known to affect the coag-
ulation cascade. These cytokines stimulate endothelial 
cells to produce tissue factor, making this a convergence 
point of the coagulation cascade in both trauma and 
sepsis. Nonspecific activation of the clotting mecha-
nism can culminate in an exhaustive consumption of 
the available factors. Thus, the resulting coagulopathy is 
best characterized as a dysregulation of homeostasis, in 
which both hypercoagulable and hypocoagulable states 
coexist.

The coagulopathy of acute trauma occurs within min-
utes of injury, suggesting aberrant stimulation of the 
pathways. For hypoperfused, severely injured trauma 
patients, there is evidence to suggest overactivation of 
protein C, resulting in a specific decline in Factor V and 
VII.30 Hyperfibrinolysis also plays a role, accompanied 
by a rapid decline in fibrinogen immediately following 
injury. Thrombocytopenia is present in some patients 
with severe hemorrhagic shock, but it is unclear how 
much platelet dysfunction may or may not contribute 
to trauma-related coagulopathy.31, 32 In an aging popu-
lation, iatrogenic platelet dysfunction, resulting from 
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platelet-inhibiting medications prescribed for preex-
isting comorbidities such as cardiovascular or cere-
brovascular disease, is probably of greater concern. 
Platelet dysfunction as determined via the epinephrine/
collagen platelet function assay is highly specific (90%) 
for aspirin use. However, most trauma patients actu-
ally exhibit supranormal platelet function relative to the 
normal population, rather than dysfunction.

Maintenance of normothermia and reversal of aci-
dosis are time-honored means to correct and protect 
against trauma-associated coagulopathy, giving rise in 
part to the concept of “damage-control laparotomy.33” 
Calcium supplementation should be provided to 
patients receiving massive transfusions, since this cat-
ion is central to the coagulation cascade and chelating 
agents in packed red blood cell units can deplete serum 
levels (some authors also cite decreased bone perfusion, 
resulting in impaired calcium ion mobilization, as a 
mechanism). Various other methods to treat coagulop-
athy have been explored, but not yet widely practiced. 
Results of an international, randomized, controlled, and 
blinded clinical trial of tranexamic acid (TXA), a plas-
min inhibitor related to ε-aminocaproic acid, showed 
a statistically significant but clinically rather marginal 
reduction in mortality secondary to hemorrhage, and 
only when administered quite early, within 1 h of injury 
(7.7% vs. 5.3%). When administered 3 h or more after 
injury, TXA actually increased the risk of fatal hemor-
rhage.34 Consequently, routine use of TXA has yet to be 
widely embraced by many trauma centers. Fibrinogen 
depletion may be best addressed via early cryoprecipi-
tate supplementation, although further study will be 
needed to fully ascertain this. Recombinant activated 
factor VIIa enjoyed a period of relative popularity for 
a time, but failure to demonstrate a survival benefit, 
coupled with considerable expense, have relegated use 
mostly to heroic salvage efforts.35 Various other factor 
and multifactor concentrates are under investigation, 
with promising but limited data thus far.

Finally, it should be noted that while high plasma 
and/or platelet to red cell transfusion ratios have been 
advocated to treat or possibly prevent the acute coagulop-
athy of trauma, and are now widely used at many trauma 
centers, there are currently no large-scale, randomized 
controlled clinical trials to support this practice. The rel-
atively late availability of thawed fresh frozen plasma 
(relative to packed red blood cells, which are often admin-
istered immediately), implies a survival bias (i.e., patients 
received plasma because they lived longer; they did not 
live longer because they received plasma), and prelimi-
nary results from the multicenter, prospective observa-
tional Activation of Coagulation and Inflammation after 
Trauma trial (ACIT) attempting to correct for this bias 
suggest there may be no survival benefit behind increased 
plasma to blood cell transfusion ratios.

The coagulopathy associated with septic shock is 
typified by diffuse intravascular coagulation (DIC), a 
consumptive exhaustion of clotting factors and platelets 
compounded by microvascular obstructive thrombi, 
thus worsening end-organ hypoperfusion. Diagnosis 
of DIC can be made on the basis of the International 
Society on Thrombosis and Haemostasis (ISTH) scoring 
system incorporating platelet count, fibrinogen level, 
prothrombin time, and fibrin split product level. A 
peripheral blood smear demonstrating megakaryocytes 
and schistocytes supports the diagnosis. Knowledge 
of this pathogenesis prompted an interest in recombi-
nant activated protein C (drotrecogin alpha), to inhibit 
disordered coagulation. While initial experience with 
this therapy in the PROWESS trial showed potential to 
improve organ function, the follow-up multicenter ran-
domized controlled PROWESS–SHOCK trial as well as 
a Cochrane meta-analysis demonstrated no survival 
benefit. In light of the risk of associated bleeding com-
plications, drotrecogin alpha was withdrawn from the 
market in 2011.36 The OPTIMIST trial of tissue factor 
pathway inhibitor (TFPI, or tifacogin) for septic shock 
was likewise disappointing, as were monoclonal anti-
bodies to TNF-α. Investigators continue to pursue other 
avenues, but addressing the underlying etiology of sep-
sis remains the best therapeutic approach for DIC at this 
time.

Myelopoietic failure can complicate the picture of 
both hemorrhagic and septic shock. Inflammatory 
mediators from the bowel may suppress erythrocyte 
progenitor cells following hemorrhagic shock, resulting 
in anemia and low reticulocyte counts. Myeloid pro-
genitor cells may also be affected, resulting in neutrope-
nia. Apoptosis and phagocytosis of precursor cells may 
contribute to anemia and thrombocytopenia in septic 
patients. Somewhat paradoxically, however, therapeu-
tic administration of erythropoietin alpha does not sig-
nificantly affect long-term transfusion requirements, 
hemoglobin concentrations, overall functionality, or 
mortality.37 Numerous studies have demonstrated the 
detrimental effects of unnecessary red cell transfusion, 
including the landmark TRICC and ABC trials.38 Most 
patients appear to benefit from a restrictive approach 
to transfusion with a threshold hemoglobin of approxi-
mately 8 mg/dL.

11.2.6  Gastrointestinal Complications: 
Stress Peptic Ulcers, Bowel Ischemia, 
and Acute Liver Failure

Like the genitourinary tract and skin, the splanchnic 
circulation experiences decreased blood supply early in 
the course of hemorrhagic shock. “Stress” peptic ulcer-
ation resulting in occasionally brisk upper gastrointes-
tinal bleeding is not uncommon following hemorrhagic 
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shock,39 and may perpetuate a vicious cycle of hem-
orrhage and shock. The large bowel is particularly 
sensitive to the effects of nonocclusive mesenteric 
ischemia, a state frequently seen in cardiogenic shock, 
although it may complicate hemorrhagic shock as well. 
Postoperative cardiac surgery patients are particularly 
prone to experience bowel ischemia.40 In milder cases, 
end arterioles are principally affected, resulting in iso-
lated mucosal ischemia and sloughing, although in 
severe instances the insult may be transmural. Rarely, 
the small bowel is also involved, with sometimes disas-
trous consequences, including pneumatosis intestinalis, 
gangrene, and perforation. Mortality rates approach 
80%. Ileus and diarrhea, symptoms commonly seen in 
the intensive care unit, may in fact represent mild gut 
ischemia. Septic shock can precipitate similar ischemic 
insults to the gut. Although gut perfusion as a whole 
may be normal or even increased in the setting of sepsis, 
shunting on a microvascular level— and mitochondrial 
decoupling on a cellular level—are no less damaging.

Hepatic dysfunction, or “shock liver” is an especially 
dreaded consequence of gastrointestinal hypoperfu-
sion. Following an ischemic injury—whether hemor-
rhagic or septic—hepatic Kupffer cells perpetrate an 
explosive inflammatory response mediated by TNF-α. 
This response is principally manifest as a rise in serum 
levels of hepatic enzymes, although overt hepatic dys-
function and eventual fulminant failure may develop as 
well, in the form of hyperbilirubinemia, hypoalbumin-
emia, and coagulopathy.

Prevention and management of gastrointestinal hypo-
perfusion center on reversal of the underlying cause of 
shock. In addition, stress ulcer prophylaxis with proton-
pump inhibitors, histamine-2 blockers, and sucralfate 
have remarkably reduced the incidence of upper gas-
trointestinal bleeding in high-risk populations (e.g., 
mechanically ventilated patients). In cases where pro-
phylaxis fails, endoscopic techniques and even mini-
mally invasive catheter-based methods are usually 
sufficient to address the hemorrhage, although surgical 
control is occasionally required. The issue of whether 
enteral feeding protects against or worsens gut ischemia 
is not definitely settled, although the beneficial effects of 
at least minimal trophic feedings in critically ill patients 
are widely acknowledged. A low index of suspicion 
for abdominal pathology should be maintained in all 
patients affected by shock, particularly those on enteral 
feeds, and feeds should be given with caution if clinical 
signs such as abdominal pain, tenderness, or distension 
develop. Complex nutrients, which are especially taxing 
to splanchnic metabolism, and high-residue formulas, 
which can increase intraluminal pressure and decrease 
mural blood flow, should be utilized with care. Semi-
elemental nutritional formulations may be an option 
for those patients with difficulty tolerating standard 

feeding regimens. Vasopressor agents should be mini-
mized if at all possible, although currently established 
therapeutic ranges are unlikely to cause overt bowel 
ischemia. When peritonitis, radiologic evidence of 
transmural necrosis, or substantial clinical deterioration 
occur, surgical exploration and intestinal resection may 
be necessary. Abdominal colectomy with ileostomy is 
an extreme but acceptable option where circumstances 
warrant; diffuse small bowel ischemia is often less ame-
nable to successful operative intervention.

11.3 Multiorgan Dysfunction Syndrome

The development of dysfunction in more than one organ 
system is an ominous sign, correlating highly with mor-
tality. The Sequential Organ Failure Assessment (SOFA) 
score assigns a relative severity of 1–4 points (higher 
being worse) to objective markers of failure in six sys-
tems: respiratory (PaO2/FiO2 ratio), neurologic (Glasgow 
Coma Scale, or GCS), cardiovascular (mean arterial 
blood pressure, MAP, or pressor requirement), hepatic 
(total serum bilirubin), hematologic (platelet count), 
and renal (serum creatinine). SOFA scores >11, imply-
ing severe organ dysfunction in four or more systems, 
portend mortality rates in excess of 95%. The Acute 
Physiology and Chronic Health Evaluation (APACHE) 
IV predictive equations, based on the APACHE III score, 
are complex formulas incorporating 27 or more vari-
ables to generate probabilities regarding mortality and 
hospital length of stay. The Marshall score distills mul-
tiple parameters into an optimized system where organ 
failure is defined dichotomously as a PaO2/FiO2 ≤150, 
serum creatinine ≥4 mg/dL, serum total bilirubin 
≥7.1 mg/dL, platelet count ≤50,000/μL, and GCS ≤9 for 
their respective organ systems. Cardiovascular function 
in the Marshall score is based on an index termed the 
pressure-adjusted heart rate (PAR): the product of heart 
rate in beats per minute and CVP in mm Hg, divided 
by the MAP. Failure is defined as PAR ≥20. Failure of all 
six systems in the Marshall score conferred mortality of 
66%, and failure of three systems was associated with 
50% mortality.41

MODS is largely responsible for the third, delayed 
peak in trauma-related mortality, occurring weeks 
after the initial insult.42 At present, there is a paucity 
of methods to reliably prevent MODS once the initial 
shock event has occurred. In fact, a growing body of 
literature suggests that genetics may play a pivotal 
role in predisposing certain patients to MODS fol-
lowing either hemorrhagic or septic shock. However, 
some evidence in animal models supports use of enter-
ally administered intraluminal pancreatic enzyme 
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inhibitors such as nafamostat mesilate and TXA shortly 
after hemorrhage.43 The theory is that the overwhelm-
ing inflammatory response that results in MODS origi-
nates in the gut, and such a response may be quenched 
by administration of enzyme inhibitors before irre-
versible damage ensues. Clinical utility remains to be 
established.

11.4  Complications of Fluid Overresuscitation

In 1984, Kron published the first modern physiologic 
explanation of abdominal compartment syndrome 
(ACS) in patients following open repair of ruptured 
abdominal aortic aneurysms—clear evidence of the 
iatrogenic detriment associated with overly aggressive 
fluid resuscitation.44 ACS is defined as supraphysiologic 
abdominal pressure (i.e., abdominal hypertension, vari-
ously defined as >12–25 mmHg), secondary to intra-
peritoneal free fluid accumulation, bowel wall, and 
retroperitoneal edema, with hypotension, oliguria, 
and high peak inspiratory pressures. Treatment is via 
decompressive laparotomy; prevention consists of leav-
ing the abdominal fasciae unapproximated in high-risk 
patients following celiotomy. In the decades following 
Kron’s original description, a rising comfort level with 
damage control laparotomy and management of the 
resultant “open abdomen” brought many more com-
plications to light—including chronic wounds, massive 
ventral hernias, and entero-atmospheric fistulae—
which could also be indirectly attributed to overresusci-
tation. Even in a closed abdomen, diffuse anasarca may 
lead to poor healing and skin breakdown.

Other consequences are less obvious but just as con-
cerning. Excessive fluid likely contributes to atrial fibril-
lation and pulmonary compromise. The specific choice 
of intravenous fluid can also lead to specific compli-
cations. Saline in large volumes has proinflammatory 
effects and leads to hyperchloremic metabolic acidosis.45 
Colloids such as albumin offer no known mortality ben-
efit, and hydroxyl-ethyl starch may even lead to renal 
failure in septic patients.5, 46 While frequently necessary 
in acutely hemorrhaging, hypotensive patients, blood 
transfusion in critically ill patients is associated with 
worse outcomes even after correcting for disease sever-
ity, likely via immunosuppressive effects, among other 
mechanisms.

Despite a growing appreciation for the burden of 
complications, the operating room itself traditionally 
remains a soap box for the principles of aggressive, and 
often excessive, fluid resuscitation. Concerns regard-
ing third-spacing, evaporation via exposed perito-
neal surfaces, pre- and postoperative fasting periods, 

hypotension secondary to anesthesia, and either actual 
or threatened substantial blood loss, all understand-
ably prompt proactive correction with volume pre-
loading. However, in a 2003 randomized, prospective 
multicenter trial, Brandstrup et al. demonstrated that 
a restricted intraoperative fluid regimen designed to 
maintain current body weight was associated with a 
significantly reduced incidence of postoperative cardio-
pulmonary and tissue-healing complications among 172 
otherwise healthy patients undergoing elective colorec-
tal resection (when compared to a fluid strategy which 
prophylactically replaced predicted third-spacing and 
other insensible losses).47 A subsequent study from Lobo 
et al., comparing 12 mL/kg/h intraoperative fluid main-
tenance to 4 mL/kg/h, showed a similar benefit for fluid 
restriction during elective surgery in high-risk patients, 
as defined by advanced age, cardiovascular comorbidi-
ties, and/or patients undergoing prolonged surgical 
procedures associated with large volume shifts or blood 
loss.48 Most recently, a retrospective analysis of hypo-
tensive trauma patients undergoing damage control 
operations for penetrating torso injuries extended evi-
dence that restricting intraoperative fluids may shorten 
hospital stay and decrease overall mortality even among 
severely injured patients in overt shock.49

Suggested methods to prevent and/or treat compli-
cations associated with volume resuscitation are 
summarized at the end of this chapter. However, the 
mainstay of prevention remains adherence to early 
goal-directed therapy. This philosophy of resuscitation, 
as championed by Rivers et al. in 2001, is based on the 
rapid and precise manipulation of oxygen delivery.20 
Physiologically, tissue oxygen delivery is determined 
principally by two variables: cardiac output and the 
concentration of saturated hemoglobin (free dissolved 
oxygen in the blood contributes exponentially less 
than oxygen bound by hemoglobin). Cardiac output is 
in turn determined by end-diastolic volume and ejec-
tion fraction. In the prospective, randomized study by 
Rivers and colleagues, continuous or serial measure-
ment of central (vena cava) venous oxygenation satura-
tion (SVO2), CVP (a surrogate for end-diastolic volume), 
and hematocrit subsequently directed optimization to 
predetermined end points. Adult participants with sus-
pected sepsis and SVO2 <70% were bolused with crystal-
loid in 500 mL increments to maintain a CVP 8–12 mm 
Hg, and red cells were transfused to a goal hematocrit of 
30%. Vasopressor agents were given for MAP < 65 mm 
Hg. If SVO2 <70% persisted despite these interventions, 
inotropic infusion was added and oxygen consump-
tion minimized using sedation and mechanical ventila-
tion. With these measures, wherever possible, goals for 
CVP, hematocrit, SVO2, and MAP were met within 6 h 
of presentation. During their subsequent hospital stay, 
patients randomized to a protocol of early goal-directed 
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therapy were significantly more likely to survive, less 
likely to require mechanical ventilation and blood 
transfusions, and had shorter hospital stays, when com-
pared to patients receiving a less-defined treatment 
strategy. This study should be interpreted with some 
caution given that trauma patients were excluded and 
end points were designated somewhat arbitrarily (e.g., 
a hematocrit of 30% as opposed to a hemoglobin con-
centration of 7 mg/dL). Nonetheless, the appeal of early 
goal-directed therapy is clear, and it has been adopted 
as a standard of care at many institutions.

The continued prevalence of resuscitation-related 
complications to date, however, suggests that some tradi-
tional end points for determining the optimal volume of 
fluid resuscitation are inadequate. Blood pressure, heart 
rate, and laboratory values such as lactate and hemo-
globin concentration are nonspecific, insensitive, and 
slow to respond to interventions. Alternative real-time 
monitoring technologies are gaining attention, includ-
ing arterial waveform analysis and surgeon-performed 
bedside echocardiography.50, 51 Laser Doppler imaging 
of the skin, bladder mucosal pH monitoring, and hyper-
spectral imaging are among the many promising non-
invasive technologies emerging from the laboratory.52–54

11.5 Summary

Shock is defined as end-organ hypoperfusion, result-
ing from a variety of mechanisms. Hemorrhagic and 
septic shock frequently result in similar patterns of 
organ dysfunction, likely through a common media-
tor. Renal, pulmonary, cardiac, myelopoietic, and gas-
trointestinal failure are all potential manifestations. 
Multiorgan system dysfunction, which is responsible 
for most “late” deaths following trauma, can be graded 
via various scoring systems, which directly correlate 
to mortality risk. Certain strategies, such as low tidal 
volume ventilation in the setting of ARDS and ALI, 
have proven mortality benefit, but prevention and 
treatment of shock-induced organ dysfunction gen-
erally center on reversal of the underlying etiology, 
with goal-directed fluid resuscitation as the mainstay 
of therapy. Overresuscitation, however, is associated 
with its own deleterious consequences. New efforts 
are underway to establish gold standard, real-time, 
minimally or noninvasive means to monitor for the 
presence of both ongoing hemorrhage and adequate 
resuscitation.

Complications of Hypovolemic and Septic Shock in the Surgical and Trauma ICU 
Populations: Estimated Prevalence

Complications Prevalence References Comment

AKI
Acute renal failure

∼30% [3] Varies depending on the 
definition used∼1%–3%

ALI/ARDS ∼5%–10% [10]
Cardiac dysfunction Unknown, ≤30% [18,19] Among patients with 

hypotension or other indications 
for echocardiography; full 
extent unknown

Adrenal insufficiency 1%–30% [21,22] Prevalence higher in frankly 
hypotensive patients

Insulin resistance/
hyperglycemia

40%–100% [26,27] Varies depending on goal blood 
glucose

Hypothyroidism/decreased 
serum thyroid hormone

100% [25] Laboratory abnormality; 
uncertain clinical significance

Coagulopathy 10%–25% [30, 31] Acute coagulopathy among 
trauma patients

Thrombocytopenia ∼10%–30% [32]
Anemia ∼20%–60% [37, 38] Defined as Hgb <9 mg/dL, or 

requiring blood transfusion
Stress peptic ulcer/upper 
gastrointestinal bleeding

∼5% [39] With modern gastrointestinal 
prophylaxis

Bowel ischemia <0.5% [40] Milder forms likely 
underdiagnosed; associated 
with cardiac surgery, 
cardiopulmonary bypass

Acute liver dysfunction/
failure

∼5% [41]

Multiorgan dysfunction ∼2% [42]
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Complications of Hypovolemic and Septic Shock in the Surgical and Trauma ICU Populations: Prevention and Treatment

Complications Preventative Measures Treatment Comment

AKI
Acute renal failure

• Fluid resuscitation
• ±Vasopressors
• ±Fenoldapam
• Discontinue nephrotoxic 

drugs

• Renal replacement therapy

ALI/ARDS • Control hemorrhage
• Restrict transfusions
• Conservative fluid 

resuscitation

• Volume-restricted ventilation 
(6–8 mL/kg ideal body weight), 
±permissive hypercapnea

• Recruitment maneuvers and PEEP
• APRV
• HFOV
• Inhaled vasodilators (NO and 

prostacyclin)
• ECMO

Only volume-restricted ventilation 
has been shown to decrease 
mortality

Cardiac 
dysfunction

• Unknown • Targeted fluid resuscitation
• ±inotropes

Adrenal 
insufficiency

• Unknown • Empiric trial of glucocorticoids, 
±fludrocortisone

Cortisol levels and consyntropin-
stimulation testing are no longer 
recommended prior to empiric 
steroid trial

Insulin resistance/
hyperglycemia

• Avoid TPN
• Administer enteral nutrition 

regularly and continuously; 
minimize NPO (nil per os, or 
nothing by mouth) periods

• Wean steroids

• Subcutaneous ISS
• Intravenous continuous insulin 

drip
• Glargine insulin

Optimal degree of blood glucose 
control not known; generally agreed 
to be ≤180 mg/dL

Hypothyroidism/
decreased serum 
thyroid hormone

• Unknown • None In certain patient populations, such 
as traumatic brain injury with shock, 
thyroid hormone supplementation 
may be of some benefit

Coagulopathy • Avoid acidosis, maintain 
normothermia; judicious use 
of damage control laparotomy

• Calcium
• High plasma and/or platelets 

to red blood cell transfusion 
ratio

• Calcium
• Plasma, platelets, and 

cryoprecipitate transfusion
• ±Multifactor concentrates, 

activated factor VII

The optimal plasma to red blood cell 
transfusion ratio has not been 
established

Thrombocytopenia • Unknown (avoid other causes, 
such as medications: heparin, 
histamine blockers, 
ticarcillin-clavulanate)

• Transfuse for active bleeding or 
anticipated major surgery to goal 
platelets >100,000/μL

• Transfuse to goal platelets 
>10–20,000/μL in all others

• Treat uremic platelet dysfunction 
with desmopressin, dialysis

Anemia • Unknown (prevent, treat or 
minimize other causes, such 
as phlebotomy, upper 
gastrointestinal bleeding, 
coagulopathy)

• Restrictive transfusion strategy to 
goal Hgb ≥8 mg/dL in 
hemodynamically stable patients 
without ongoing hemorrhage

• ±Iron supplementation

Epoietin alpha indicated only for 
patients with chronic renal failure; 
ideal threshold hemoglobin 
concentration for transfusion not yet 
known

Stress peptic 
ulcer/upper 
gastrointestinal 
bleeding

• Sucralfate, histamine blockers, 
or proton pump inhibitors for 
high-risk patients (e.g., 
mechanically ventilated)

• Correct coagulopathy

• Proton pump inhibitors
• Upper endoscopy
• Angioembolization
• Operative ligation

Operative ligation rarely necessary

Bowel ischemia • Cautious, possibly trophic, 
enteral feeding in high-risk 
patients (e.g., overtly 
hypotensive)

• Minimize vasopressors
• Elementary, low residual tube 

feeding formulas

• Operative intervention and 
resection when necessary



109Complications of Hypovolemic and Septic Shock

© 2008 Taylor & Francis Group, LLC

Complications Preventative Measures Treatment Comment

Acute liver 
dysfunction/
failure

• Fluid resuscitation (avoid/
treat other causes of 
hepatotoxicity, including 
medications, right heart 
failure, biliary obstruction)

• Supportive measures, including 
treatment of coagulopathy, 
encephalopathy, and cerebral 
edema

• May require transplantation
Multiorgan 
dysfunction

• Prevention is by individual 
system; possibly enteric 
administration of pancreatic 
enzyme inhibitors

• Supportive measures according to 
the affected systems

Note: ISS, insulin sliding scale; TPN, total parenteral nutrition.

Complications of Fluid Overresuscitation in the Surgical and Trauma ICU Populations: Prevention and Treatment

Complications Preventiona Treatment Comment

Intra-abdominal 
hypertension/ACS

• Leave fascia unapproximated 
following exploration in 
high-risk patients

• Nasogastric decompression
• Sedation, neuromuscular 

paralysis

• Decompressive laparotomy In cases of known intraperitoneal 
free fluid (as opposed to bowel wall 
or retroperitoneal edema), 
minimally invasive percutaneous 
catheter evacuation and/or 
mini-laparotomy may be sufficient

• Giant ventral 
hernia

• Rapid fascial closure
• Interpose nonadherent 

dressing between visceral 
block and abdominal wall to 
halt loss of domain

• Delayed complex abdominal wall 
reconstruction, which may 
include use of mesh and/or 
component separation

Among patients undergoing damage 
control or decompressive 
laparotomy

• Entero-
atmospheric 
fistula

• Minimize/protect 
enterotomies, gastrointestinal 
anastomoses

• Protect exposed bowel from 
dessication, direct contact with 
suction sponges

• Washout and control fistula
• Optimize conditions for 

spontaneous closure (e.g., 
nutrition, minimize flow through 
fistula, treat downstream 
obstruction)

• May require substantially delayed 
resection and re-anastomosis

Among patients undergoing damage 
control or decompressive 
laparotomy

Skin breakdown • Absorbent dressings, linen 
changes for moist skin

• Frequent (every 2 h) turning
• Low-air loss mattresses, heel 

floating boots, and other 
equipment to offset pressure 
in high-risk patients

• Optimize nutrition
• Minimize sedation, 

neuromuscular paralysis
• Physical/occupational therapy

• Chronic wound care (e.g., 
wet-to-dry dressing, debridement, 
negative pressure therapy)

• May require operative 
interventions such as skin graft, 
vascularized flap reconstruction, 
and diverting ostomy

Atrial fibrillation • Statins
• β-blockade
• ±Diltiazem
• ±ACEI/ARB

• β-blockade
• Diltiazem
• Amiodarone
• Digoxin
• Cardioversion

Incidence particularly high in 
postoperative cardiac and thoracic 
patients, where prevention/
treatment may be slightly different; 
treatment focuses on ventricular 
rate-control and/or conversion to 
sinus rhythm; anticoagulation may 
be given for chronic or recurrent 
atrial fibrillation

Note: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.
a All methods of prevention are in addition to judicious, goal-directed fluid resuscitation.
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The ability of the practitioner to care for the critically ill 
patient is closely associated with the types and functions of the 
many invasive and noninvasive devices that can be utilized 
in the intensive care unit (ICU). Despite the low incidence 
of complications associated with these invasive and noninva-
sive devices, if mortality and morbidity rates are to be reduced 
even further, the clinician must be aware of the many compli-
cations that may accompany the use of each type of device. 
Knowledge of these complications will enable the practitioner 
to not only implement preventive measures but also rapidly 
recognize and treat complications that may arise. This chap-
ter will discuss the preventive measures and the treatment of 
complications associated with the use of central venous lines, 

arterial lines, intracerebral pressure monitors, gastric tubes, 
and thoracostomy tubes.

12.1 Central Venous Catheterization

The increasing complexity of the ICU has paralleled 
the development and increased use of central venous 
catheterization (CVC). The CVC has become a mainstay 
in the ICU; several million devices are used annually. 
Unlike the catheters introduced by Broviac et al. and 
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Hickman et al., the catheters used in the ICU lack cuffs 
and do not require tunneling. Thus, they can be easily 
placed at the bedside with the Seldinger method or other 
percutaneous techniques. Although central venous lines 
are technically less challenging to use and care than the 
Broviac and Hickman catheters, central venous lines are 
associated with their own set of complications.

12.1.1 Venous Air Embolus

The complication of venous air embolism is rare; in fact, 
the occasional case report represents the majority of the 
literature about this entity. However, this complication 
should be suspected if a patient becomes dyspneic on 
insertion of a central venous line. Venous air embolism 
can lead to hypotension, acute pulmonary edema, and 
cardiac arrest. If the foramen ovale is patent, the risk 
of an ischemic stroke also exists. During the physical 
examination of a patient with a venous air embolism, a 
murmur with a characteristic mill wheel may be heard 
over the right side of the heart. Because a small pressure 
gradient of 4 mmHg can cause enough air to enter in 
1 s to cause a fatal air embolus, prevention techniques 
should include attempts to increase intrathoracic pres-
sure. Such an increase can be accomplished by placing 
the patient in Trendelenburg position or by asking the 
patient to perform a Valsalva maneuver or to hum dur-
ing placement of a central venous line. Intrathoracic 
pressure can also increase during exchange over a guide 
wire. Once venous air embolism occurs, the patient 
should be placed in the left lateral decubitus position; a 
syringe should be used to aspirate fluid, air, or both from 
the line; and a pericardiocentesis can be performed, if 
necessary, by inserting a needle into the right ventricle 
in an attempt to aspirate air.

12.1.2 Pneumothorax

A pneumothorax from central venous lines occurs 
when the needle injures lung parenchyma and air 
escapes into the pleural space. This type of complication 
occurs in approximately 1%–4% of all central venous 
line attempts. Symptoms such as coughing, wheez-
ing, chest pain, and dyspnea may be evident; how-
ever, in approximately 0.5% of cases, the appearance of 
symptoms may be delayed [1]. Regardless of when the 
symptoms appear, a pneumothorax may develop into a 
tension pneumothorax, and patients who are on a ven-
tilator may be at increased risk [1]. In a study of patients 
with cancer for whom CVC was established through the 
subclavian approach, older patients with a body mass 
index of <19 were more likely to experience pneumotho-
rax [2]. Pneumothoraces may occur with the same fre-
quency whether the subclavian approach is used or the 
internal jugular approach is used. A relatively high rate 

of pneumothorax development is also associated with a 
difficulty in obtaining CVC, such as repeated attempts 
at cannulation [2].

The diagnosis of pneumothorax is facilitated by an 
expiratory chest radiograph of the upright patient; how-
ever, most chest x-rays taken in the ICU are performed 
with the patient in the supine position. When patients 
are supine, air usually presents along the lung base and 
mediastinum, and this makes the diagnosis of a pneu-
mothorax by x-ray relatively more difficult.

The risk of a pneumothorax can be reduced if the 
patient lies on a rolled towel placed under the thoracic 
spine and between the scapulae during cannulation of 
the vessel. If the risk of a pneumothorax is to be elimi-
nated, a cut-down of the cephalic vein can be performed. 
Rates of pneumothorax are lower if experienced physi-
cians perform the CVC procedure. Management of this 
complication may include observation if pneumotho-
races are <30% and placement of a pigtail catheter or 
chest tube if the pneumothorax is larger than 30% or 
expands after initial observation, or if the patient is on 
a ventilator.

12.1.3 Hemorrhage and Hemothorax

Hemorrhage resulting from central line catheteriza-
tion can be categorized as either localized or regional. 
Localized hemorrhage is confined to the site of access, 
whereas regional hemorrhage occurs in the soft tissue 
of the neck or extends to the thoracic and mediastinal 
spaces. Localized hemorrhage due to central line access 
is uncommon, even if coagulopathy or thrombocytope-
nia is present.

Carotid artery puncture, a complication that occurs 
during approximately 2%–10% of attempts at internal 
jugular line placement [3], usually manifests itself as a 
hematoma when the needle is removed from the artery. 
Insertion of a needle into the carotid artery may be indi-
cated by bright red, pulsatile blood that fills the hub of 
the syringe. Removing the needle and applying pressure 
usually suffices in arresting the bleeding. Close follow-
up of the patient who has experienced carotid artery 
puncture is prudent because acute airway obstruction 
has been reported from a large cervical hematoma [4]. 
Complications have also resulted from cannulation of 
the carotid artery [5]; these complications include hema-
toma, arteriovenous fistula, stroke, and death [6]. If can-
nulation of the carotid artery is suspected but the chest 
x-ray does not reveal it or is inconclusive, an arterial 
blood gas can be obtained, or catheter pressures can be 
transduced to confirm a venous wave form.

Hemorrhage that results in a hemothorax is not com-
monly reported. A hemothorax can be caused by an 
injury to the subclavian artery or vein at the time of 
insertion or by the gradual erosion of the superior vena 
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cava (SVC). A hemothorax can occur ipsilaterally or con-
tralaterally to the insertion site. Reports of hemothorax 
caused by the internal jugular approach are rare.

Diagnosis of hemothorax can be based on the results 
of plain-film radiography. However, a substantial 
hemo thorax can cause tachycardia and hypotension. 
Hemothorax resulting from erosion of the SVC can be 
prevented by careful placement of the catheter tip so 
that it does not press against the SVC when placed from 
left side [7]. Once the SVC has been injured, conserva-
tive measures are recommended for maintaining the 
volume and treating any coagulopathy. However, surgi-
cal intervention is usually required for both adults and 
children.

Bleeding into the mediastinum can occur when a vein 
is injured or the catheter penetrates the mediastinum. 
This complication most commonly appears initially 
on chest radiographs as a widened mediastinum, but 
it can also cause chest pain after line insertion. When 
the mediastinum is widened after the placement of a 
central line, additional chest radiographs should be 
obtained with the injection of contrast material through 
the central catheter. If extravasation of the contrast agent 
occurs and the catheter is in the mediastinum, it should 
be withdrawn quickly; however, if the catheter is in the 
vein, it can be left in place, with careful observation of 
the patient’s condition. Most mediastinal hematomas are 
self-limiting, and the venous injury will resolve without 
intervention. This is unlike a hemorrhage into the pleu-
ral space, which usually requires further intervention. 
Mediastinal hematomas occur in <1% of patients who 
undergo line placement. The unrecognized presence of 
a catheter in the mediastinum, regardless of the type of 
fluid being administered, is associated with high mor-
bidity and mortality rates [8].

12.1.4 Cardiac Tamponade

According to the 1989 Food and Drug Administration 
(FDA) drug bulletin, cardiac tamponade is the most 
commonly reported lethal complication associated with 
CVC. Cardiac tamponade occurs when the catheter tip 
penetrates the pericardium. Cardiac tamponade is sig-
naled by an acute onset of tachycardia, hypotension, jug-
ular venous distention, and pulsus paradoxus. However, 
the symptoms of tamponade may also be delayed.

Cardiac tamponade can be prevented by careful place-
ment of the catheter tip. The FDA has stated that placing 
the tip into the atrium is associated with a higher risk 
of tamponade. There have also been reports of cardiac 
tamponade when the catheter tip is placed in the SVC 
[9]. Cardiac tamponade is treated by rapidly increasing 
intravenous volume followed by subxiphoid pericar-
diocentesis to stabilize the patient’s condition. Surgical 
intervention may be warranted to repair lacerations of 

the atria or the SVC, as well as the need for a pericardial 
window as a more definitive measure.

12.1.5  Central Line–Associated 
Bloodstream Infection

CVC devices are a common source for bacterial noso-
comial infections in the ICU setting. In fact, central 
line-associated bloodstream infection (CLABSI) is the 
most frequently occurring type of bloodstream infec-
tion in the ICU: approximately 250,000 patients develop 
CLABSI each year [10]. According to one study [11], the 
incidence of CLABSI can be as high as 2.7 of every 100 
patients admitted to a surgical ICU. A case–control 
analysis found that such infections are associated with 
a 35% increase in mortality, a 24-day increase in median 
length of stay, and a $40,000 increase in expense per sur-
vivor. The National Nosocomial Infections Surveillance 
(NNIS) system reported that a median range of blood-
stream infections associated with central lines was 
2.4–7.8 central-line patient days [12].

The pathogenesis of CLABSI involves colonization of 
the catheter by microorganisms that inhabit the skin 
surface at the site of catheter insertion [10]. Other impor-
tant sources of catheter colonization are contaminated 
infusates, distant sites of infection, and hub contami-
nation. Microorganisms migrate along the transcuta-
neous tract and adhere to the catheter’s biofilm. The 
exact sequence of events leading from biofilm coloniza-
tion to bloodstream infection is poorly defined, as are 
the factors that determine establishment of infection. 
According to the NNIS, the most commonly reported 
organisms involved in CLABSI, in decreasing order of 
frequency, are coagulase-negative Staphylococcus spp. 
(39.3%), Staphylococcus aureus (10.7%), Enterococcus spp. 
(10.3%), Candida albicans (4.9%), and other Gram-negative 
organisms.

CLABSI is defined as an infection in which the same 
organism with a similar drug susceptibility pattern is 
isolated from a catheter segment and simultaneously 
from peripheral blood in a patient with clinical manifes-
tations of sepsis and no other apparent source of blood-
stream infection [13]. If signs of local infection, such as 
erythema, induration, tenderness, or purulent drain-
age, develop at the site of catheter insertion, the catheter 
should be removed and the catheter segment submitted 
for culture. If CLABSI is established, in addition to cath-
eter removal, systemic antibiotics are usually indicated. 
Currently, a lack of consensus exists regarding antibiotic 
selection and duration of therapy; however, with the 
increasing emergence of methicillin-resistant strains, 
vancomycin is commonly used as first-line therapy. Most 
clinicians will develop a treatment plan according to the 
isolate, known susceptibility patterns, and response to 
therapy; this response is indicated by clinical variables 
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such as fever and leukocytosis. Persistent fever, leukocy-
tosis, and bacteremia may warrant further investigation 
of a deep-seated infection such as suppurative thrombo-
phlebitis. In patients who are febrile but have no obvious 
clinical source of infection and no clinical signs of infec-
tion at the site of catheter insertion, the catheter segment 
may be submitted for quantitative culture. If the culture 
of the catheter segment demonstrates significant micro-
bial growth, the replacement catheter should be removed 
and a new catheter should be inserted at a different site.

A decline in national CLABSI rate was found in all 
ICUs in the United States over an 8-year period. In 2009, 
an estimated 25,000 fewer CLABSIs occurred in the US 
ICUs in comparison to 2001, representing a 58% reduc-
tion with 6000 fewer deaths and savings to the health-
care system of $414 million. In 2001, the pooled mean 
ICU CLABSI adjusted for definition change was 3.64 per 
1000 central-line days as reported by the NNIS system, 
1999–2003. By 2009, the pooled mean ICU CLABSI rate 
had fallen to 1.65 per 1000 central- line days as reported 
by the National Healthcare Safety Network, 2009 [14].

The decline has been attributed in large part to 
large-scale regional and statewide projects such as the 
Michigan Keystone Project that have demonstrated 
substantial reductions in CLABSI rates by adhering to 
recommended best practices for the insertion of central 
lines. Utilization of a “bundle” of evidence-based prac-
tices coupled with programs that improve staff commu-
nication and teamwork known as the Comprehensive 
Unit-Based Safety Program (CUSP) have likely contrib-
uted to the decline of CLABSI rates [15].

Multiple methods have been studied for preventing 
CLABSI. Ruesch et al. [16] have reviewed several pro-
spective studies demonstrating that the subclavian site 
of insertion is associated with a lower risk of infection 
than is the jugular or femoral sites. Another study [17] 
has shown that chlorhexidine gluconate is superior to 
10% povidone–iodine for skin preparation in the pre-
vention of CLABSI. A prospective observational study 
[18] showed that full-barrier precautions, including 
sterilized gloves, gown, cap, mask, and barrier drape 
that covers the entire patient, reduce the incidence 
of CLABSI associated with the insertion of central 
venous devices. Several studies have demonstrated that 
the use of transparent occlusive dressings increases the 
risk of clinically significant catheter colonization. The 
use of antibiotic ointments at the catheter insertion 
site appears to increase catheter colonization with fungi. 
Using chlorhexidine-impregnated sponges as a dressing 
for central venous, pulmonary artery, and arterial cath-
eters has been shown to significantly decrease catheter 
colonization and CLABSI [19]. Minocycline- or rifampin-
impregnated catheters are associated with lower rates 
of catheter colonization and CLABSI than are catheters 
impregnated with chlorhexidine/silver sulfadiazine [20]. 

Patients should be asked about the potential aller-
gic reactions to the components of the catheter before 
it is placed. The emergence of resistant organisms in 
response to the use of antibiotic-impregnated catheter 
may have an impact on future clinical use.

Preventative measures that have been proven to 
reduce catheter colonization and CLABSI should be 
implemented and adhered to as a part of an overall 
effort to reduce nosocomial infection rates associated 
with the use of central venous access devices.

12.1.6 Thrombosis

Central venous thrombosis after placement of a central 
line appears to be related to several factors. Larger cath-
eters, which are more likely to obstruct flow, have been 
shown to be associated with higher thrombosis rates 
[21]. Moreover, the location of the catheter tip may be a 
factor. An analysis of several retrospective studies has 
shown a correlation between placement of catheter tips 
high in the SVC and higher rates of thrombosis [22].

Patients with bone marrow transplants, malignancies, 
sickle cell disease, and renal failure are more likely to 
experience thrombosis [23]. Other factors that play a role 
in thrombosis are hypercoagulable states secondary to 
illness and endothelial injury from catheter insertion.

Venous thrombosis can be diagnosed by duplex ultra-
sonography. However, duplex ultrasound is unable to 
adequately visualize the subclavian vein deep to the 
clavicle. This limitation is partially overcome by the fact 
that the presence of subclavian thrombosis can be pre-
dicted by a lack of flow in the internal jugular or axillary 
vein. This observation of a lack of flow may be adequate 
for the diagnosis of thrombosis. However, if a patient 
exhibits symptoms such as superficial venous engorge-
ment, unilateral arm swelling, pain, and discoloration, 
contrast venography should be performed even if the 
findings of venous duplex ultrasonography are negative.

Management of thrombosis depends on the patient’s 
symptoms and on whether the catheter is functioning 
properly. If a patient has no symptoms, a functional 
catheter can safely be left in place while anticoagula-
tion therapy is started to prevent clot propagation, or 
to prevent the formation of a pulmonary embolism 
from an upper-extremity thrombosis (the risk of such an 
embolism is <10%) [24]. If the catheter is clotted or if 
the patient’s symptoms worsen, the catheter should be 
removed.

Prevention of thrombosis should take into account 
the location of the catheter, with the optimal placement 
being just proximal to the right atrium. Anticoagulation 
has also been useful in preventing the formation 
of thrombosis. Both heparin [25] and low doses of 
Coumadin [1] (warfarin sodium; 1 mg/day) [26] have 
been shown to effectively reduce the rate of thrombosis 
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formation. However, no studies have compared the 
effectiveness of heparin with that of Coumadin in pre-
venting thrombosis.

The incidence of complications such as fracture of 
the catheter, loss of the guide wire, and arteriovenous 
fistula is unknown. However, when fracture or loss of 
the guide wire has occurred, the catheter can be safely 
removed via interventional radiologic techniques [27].

12.2 Arterial Lines

The radial, brachial, dorsal pedal, and femoral arteries 
can be safely cannulated for invasive blood pressure 
monitoring and frequent blood draws. The complica-
tions commonly associated with these catheters are 
those associated with central venous lines—infection, 
bleeding, and thrombosis. The most common compli-
cation associated with these catheters, however, is not 
infection, as is the case with central venous lines. In a 
study of more than 2000 patients [28], the most common 
complications were vascular insufficiency (4%), hemor-
rhage (2%), and infection (0.5%).

Arterial thrombosis due to catheterization can occur 
in as many as 25% of patients with radial arterial lines, 
but the occurrence of this complication is lower among 
patients with femoral arterial lines [29]. Fortunately, 
thrombosis of the radial or femoral artery rarely causes 
ischemia to the distal extremity. Flushing the catheter 
with heparin has been shown to decrease the rate of 
thrombosis in both femoral and radial arterial lines [30].

The incidence of infection is similar with femoral and 
radial arterial lines. Staphylococcal species continue to 
be the most common organisms associated with catheter-
related infections. Although many ICUs routinely 
change arterial line tubing and solution in an attempt 
to decrease infection rates, O’Malley et al. [31] demon-
strated in a prospective study that routinely changing 
the tubing increases the likelihood of introducing con-
tamination into the pressure-monitoring system.

Preventing arterial catheter infections requires meth-
ods similar to those used to prevent infection of central 
venous lines. Sterile techniques should be used during 
catheter placement, and hygienic manipulation should 
be employed when the line is accessed.

12.3 Gastrostomy Tubes

Although their use for gastrointestinal decompression 
has been widely accepted for some time, it was not 

until the late 1970s that their usefulness in providing 
enteral access for nutritional support was appreciated. 
Alexander [32] reported that the outcome of children 
with burns to 60% of their total body surface area was 
improved when enteral nutrition rather than parenteral 
nutrition was used. Several subsequent studies contin-
ued to report the benefits of enteral nutrition over par-
enteral nutrition in reducing the rates of nosocomial 
infection.

Although gastrointestinal intubation has improved 
clinical outcome by providing enteral nutrition and gas-
tric decompression, the placement of nasogastric tubes 
(NGT) can result in aspiration pneumonia, esophageal 
perforation, sinusitis, malposition, and arterial esopha-
geal fistula.

12.3.1 Aspiration Pneumonia

The incidence of aspiration pneumonia increases among 
patients with certain risk factors. Mullan and Roubenoff 
[33] have stated that the incidence of aspiration ranges 
from 1% to 30%. Risk factors in aspiration pneumonia 
include delayed gastric emptying, decreased airway 
or swallow reflexes, mechanical ventilation, large-bore 
feeding tubes, and neurologic injury. This variation is 
most likely due to the variety of patient populations 
included and the different methods used in the diagno-
sis of aspiration pneumonia. In one study, the incidence 
of aspiration among patients receiving enteral nutrition 
was approximately 5%, and mortality from aspiration in 
this population was <5%. A retrospective analysis using 
national medical claims has reported the mortality of 
aspiration pneumonia to be as high as 23.9%. Mortality 
is correlated with the amount of aspiration, acidity of 
aspirate, number of lobes involved, and the overall con-
dition of the patient.

A dramatic change in the appearance of the chest 
on radiograph can suggest the diagnosis of aspiration 
pneumonia; however, such changes may not be evident 
until 24 h after aspiration has occurred. The diagnosis of 
aspiration may be aided by testing the pulmonary aspi-
rate for glucose. Previously, Food Drug and Cosmetic 
Blue No.1 dye was added to enteral nutrition formulas 
in order to facilitate the detection of gastric aspirate in 
tracheal secretions. However, reports [34] of systemic 
blue dye absorption and associated adverse outcomes 
are emerging. This has caused many hospitals to with-
draw the practice of adding dye to their enteral formu-
las. Bronchoscopy is a helpful tool that can be used to 
diagnose aspiration in addition to providing immediate 
lavage for removing aspirate.

Aspiration can be prevented by correctly placing the 
NGT and closely monitoring gastric residuals. Other pre-
ventive measures include elevating the head of a patient’s 
bed to an angle of 30°–45° so that the patient is not 



118 Complications in Surgery and Trauma

© 2008 Taylor & Francis Group, LLC

supine. Using small-bore NGT has also been suggested 
as a means of decreasing aspiration pneumonia and 
reflux. Conversely, the incidence of pneumothorax and 
tracheal intubation with the insertion of a feeding tube 
is increased with small-bore nasoenteral tubes (<5 mm 
diameter). Aspiration should be treated by removing 
the aspirate with nasotracheal suction or bronchoscopy 
when necessary. Antibiotics, intubation, and ventilator 
support may be indicated. Other treatments such as cor-
ticosteroids therapy have not proven to be beneficial.

12.3.2 Esophageal Perforation

Esophageal perforation is a rare complication of naso-
gastric intubation; however, its occurrence may be fatal. 
One study of hospitalized patients with esophageal 
perforation showed that the most common cause of this 
complication is iatrogenic [35].

The most common site of iatrogenic perforation is 
the thoracic esophagus. The mortality rates associated 
with esophageal perforation range from 16% to 30%, 
but the mortality rate is lower when the cause of per-
foration is iatrogenic or when the injury is promptly 
recognized and treatment is not delayed. The risk of 
esophageal perforation is higher among patients with 
carcinoma, stricture, or altered mental status, as well as 
among those who have undergone tracheal intubation 
or have undergone multiple attempts at nasogastric 
intubation [36].

In the critically ill, the diagnosis of esophageal perfo-
ration may be difficult and requires a high level of clini-
cal suspicion. The most common clinical features are 
neck and substernal pain, fever, and subcutaneous or 
mediastinal emphysema that may cause nuchal crepitus 
or xiphisternal crepitus (also known as Hamman’s sign). 
Radiography of the chest or abdomen with the patient 
in the upright position is diagnostic in most cases. 
However, when the results are negative and the level of 
clinical suspicion remains high, esophageal study using 
Gastrografin [1] as a contrast agent should be performed. 
The prognosis of esophageal perforation is dependent 
upon early diagnosis and treatment and the site and 
size of the perforation. Medical management includes 
the use of broad-spectrum antibiotics and nasogastric 
decompression. These treatments may be adequate for 
patients with cervical perforation, who are asymptom-
atic and whose condition is hemodynamically stable. 
Surgical management, if necessary, involves drainage 
alone, drainage and repair, or drainage and diversion.

12.3.3 Sinusitis

The use of a NGT with tracheal intubation has been 
associated with an increased risk of sinusitis. In these 
cases, sinusitis occurs because the NGT obstructs the 

ostial meatal complex and impairs the drainage of 
mucus. According to Fasqualle et al. [37], nosocomial 
sinusitis occurs mostly in the ICU, and the most com-
monly involved organism is Pseudomonas aeruginosa, 
Streptococcal pneumonia, and Hemophilus influenza.

Pain and pressure over the cheeks are the most com-
mon symptoms of sinusitis, but may be difficult to 
assess among ICU patients. Purulent nasal discharge 
may not be present, but if it is, the likelihood of sinusitis 
is increased. Often, patients initially present with fever 
of unknown etiology. Once the most common causes 
of fever have been ruled out, further evaluation of the 
sinuses is warranted if intubation and an NGT are in 
use. Westergren et al. [38] have advocated the use of 
ultrasonography as a sensitive test for the presence of 
fluid and edema in the sinuses of critically ill patients. 
For improved diagnostic accuracy, computer tomog-
raphy of the sinuses (coronal view) can be performed. 
Sinoscopy can aid in the diagnosis by yielding a culture 
specimen that can be tested for the purpose of direct-
ing antibiotic therapy; sinoscopy can also be used to 
treat sinusitis by creating an ostium to allow drainage 
of sinus secretions. Treatment consists of antibiotic ther-
apy targeted at specific bacteria, removal of any foreign 
objects from the nose, using nasal decongestants, and if 
necessary, sinoscopy drainage.

12.3.4 Malposition

Retrospective case reviews of complications associated 
with NGT have indicated that approximately 0.5%–1% 
of NGT are malpositioned [39] The most common loca-
tion of malpositioning is the tracheal bronchial tree, 
especially the bronchi of the right lower lobe; misplace-
ment in the pleural space, intracranial space, and inter-
nal jugular vein is rarely reported. The most common 
types of complication of malpositioned NGT are loss of 
tidal volume, pneumonia, and pneumothorax.

NGT are contraindicated for patients with basal skull 
injuries, because such injuries increase the likelihood of 
intracerebral placement of the tube. However, this type 
of malpositioning has also been observed in patients 
without basal skull fractures [40]. Diagnosis of malpo-
sitioning has been based on several commonly accept-
able clinical guidelines. Proper placement of the NGT 
can be performed by insufflation of air in the tube with 
auscultation over the stomach or by aspiration of gastric 
contents. Aspiration prior to insufflation is preferred, 
in order to prevent a fatal air embolus, in the rare case 
of NGT malposition in a vascular structure. However, 
malpositioning of the NGT in the left lung base can 
also be detected by auscultation over the stomach, and 
secretions can also be suctioned from the bronchial tree, 
the esophagus and stomach, or the brain. Bankier et al. 
[39] have demonstrated that the clinical signs of NGT 
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malpositioning may not accurately indicate the tube’s 
location. A chest radiograph taken with the patient in 
the supine position can accurately detect malposition-
ing. Prevention lies in the use of clinical guidelines 
described earlier and of chest radiographs when there is 
any doubt about the position of the NGT.

12.3.5 Arterial Esophageal Fistula

Arterial esophageal fistula is a rare complication of gas-
tric esophageal intubation and can involve the aorta and 
other great vessels in the chest. Symptoms are similar 
to those of aortic enteric fistulas. Sentinel hemorrhage, 
which first alerts the practitioner to the presence of this 
complication, is followed by a symptom-free period that 
precedes exsanguinations. Reports [41] suggest that 
anomalies of the aortic arch predispose patients to this 
complication.

12.4 Thoracostomy Tubes

Thoracostomy tubes have been used since the time of 
Hippocrates but were not popularized until the Korean 
War. Indications for chest tube placement are pneumo-
thorax, tension pneumothorax, penetrating chest injury, 
hemothorax, empyema, chylothorax, postthoracic sur-
gery, and bronchopleural fistula. Thoracostomy tubes 
can be placed via sharp cut-down, by the trochar method 
(the use of a sharp metal rod), or by percutaneous 
Seldinger techniques. The percutaneous technique using 
the Seldinger method is employed when smaller pigtail-
type chest tubes are used. Complications associated with 
chest tubes can be separated into three categories.

12.4.1 Empyema

Empyema occurs in 1%–16% of patients; the higher inci-
dence occurs among trauma patients [42]. Chest tubes 
placed for pleural effusions are associated with higher 
rates of empyema. This complication is indicated by 
purulent exudative fluid with a low pH, low glucose con-
centrations, and a high white blood cell count. Empyema 
is treated with intravenously administered antibiotics, 
chest tube drainage, and, possibly, open thoracotomy.

Prevention of empyema begins with the use of appro-
priate sterile technique. The use of antibiotics remains 
controversial, with early studies demonstrating no ben-
efit or only minimal benefit in association with their 
use. However, more recent studies and a meta-analysis 
by Evan et al. [43] of six prospective, randomized stud-
ies found that a beneficial effect was associated with the 
use of antibiotics effective against Staphylococcus spp.

12.4.2 Pneumothorax and Hemothorax

Pneumothorax and hemothorax are the most common 
indications for chest tube placement; however, these 
complications may also occur in association with tho-
racostomy tube placement and use. Thoracostomy tube 
placement may fail as an effective treatment for these 
conditions, and pneumothorax and hemothorax may 
recur after the tube has been removed or may be an 
iatrogenic sequela of removal. A study of chest radio-
graphs after thoracostomy tube insertion demonstrated 
that the most common complications were tube malpo-
sition and unresolved pneumothorax and hemothorax 
[44]. Recurrence of a pneumothorax after thoracostomy 
tube removal is most likely caused by the entry of air 
through the wound or by reaccumulation from a small 
air leak. To prevent such pneumothoraces, the thora-
costomy tube should be pulled out quickly while the 
patient is exhaling, so that intrapleural pressure is posi-
tive, thus decreasing the risk of air entry. When plac-
ing chest tubes, some practitioners place a second stitch 
through the site of chest tube insertion; this stitch is left 
untied. When the chest tube is removed, a second per-
son places tension on this stitch to close the incision as 
the chest tube is being removed.

To decrease the likelihood of a recurrent pneumo-
thorax caused by an undetected small air leak, it is 
best to convert the tube to water seal before the tube is 
removed. In a randomized trial, Martino et al. demon-
strated that converting thoracostomy tubes to water seal 
before removing them reduces the number of pneumo-
thoraces that occur after tube removal and also reduces 
the need for chest tube replacement [45].

Pneumothorax associated with thoracostomy tube 
placement can be treated in several ways. The pneumo-
thorax can be carefully observed and may resolve even 
if it is not adequately drained by the tube. Increasing the 
suction of the thoracostomy tube, by increasing the col-
umn of fluid in a wet hemovac system or simply turning 
the pressure dial on a dry hemovac system, can resolve 
a persistent pneumothorax. A second thoracostomy 
tube can also be placed to resolve the pneumothorax or 
hemothorax. Pleurodesis may be necessary to resolve a 
persistent leak or effusion, but a thoracotomy is rarely 
necessary for adequate resolution of a pneumothorax.

12.4.3 Malpositioning

In one radiologic evaluation of thoracostomy tubes 
placed in the emergency room, tube malpositioning was 
the reason for as many as 26% of inadequate tube place-
ments and was the most common complication [44]. 
Malpositioned chest tubes can be located in the subcu-
taneous tissue of the chest wall or in incorrect locations 
in the intrathoracic and intra-abdominal regions. A mal-
positioned thoracostomy tube may cause injury to the 
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visceral organs and may even result in death. One study 
[44] suggests that chest tube placement by clinicians 
other than surgeons is associated with a higher rate of 
complications. The use of trochars for insertion is also 
associated with a high rate of complications; thus, this 
method of tube insertion has largely been replaced by 
blunt dissection.

12.4.4 Re-expansion Pulmonary Edema

Re-expansion pulmonary edema (RPE) can occur after 
pulmonary re-expansion by thoracostomy tube for 
pneumothorax, pleural effusion, or atelectasis. One 
retrospective review of the placement of thoracostomy 
tubes for pneumothorax in Japan [46] suggested that 
RPE occurs in approximately 14% of cases. However, 
in the United States, RPE is generally considered a rare 
complication; the mortality rate associated with RPE 
may be as high as 20% [47]. Although the cause of RPE 
is unknown, certain risk factors such as young age, a 
large pneumothorax, and long duration of collapse are 
associated with RPE [48]. Some patients with RPE may 
exhibit no symptoms other than radiographic findings; 
others may experience severe tachypnea, tachycardia, 
hypoxemia, or chest pain. The two most common symp-
toms are dyspnea and chest pain, which usually occur 
within minutes to hours of re-expansion.

Diagnosis of RPE is based on chest radiography, which 
shows pulmonary edema in a previously collapsed lung. 
Cases of contralateral RPE have also been reported [47]. 
Treatment involves supportive care, which may include 
hemodynamic and ventilatory support; most cases are 
self-limiting and resolve within a week.

12.5 Intracranial Pressure Monitoring

Intracranial pressure (ICP) monitoring plays a key role 
in the management of increased ICP. ICP monitoring 
is frequently used for patients with brain injuries and 
those undergoing elective neurosurgery. Complications 
associated with ICP monitoring include infection and 
hemorrhage, as well as malfunction, obstruction, and mal-
positioning of the tube. Long-term morbidity and mor-
tality associated with complications of ICP monitoring 
appear to be rare.

12.5.1 Infection

Infection related to ICP monitoring is characterized by 
positive results from either a culture of cerebrospinal 
fluid or a culture of material on the intracranial portion 
of the catheter, along with clinical signs of infection. 

No semiquantitative or quantitative methods exist for 
distinguishing infections of the ICP monitoring device 
from colonization of the device, and clinical signs of 
infection are needed to establish the diagnosis of infec-
tion. Colonization of ICP monitors has been associated 
with either implantation for more than 5 days or irriga-
tion of fluid-coupled devices. In one study, the incidence 
of bacterial colonization increases from 6% to 19% when 
irrigation was employed [49]. Differences in the rates of 
colonization of ICP devices appear to be related to the 
type of device used. Parenchymal devices are associ-
ated with the highest average rates of colonization (14%; 
range, 11.7%–16.6%); the other types of devices associ-
ated with colonization are subdural devices (4%; range, 
1%–10%), subarachnoid devices (5%; range, 0%–10%), 
and ventricular devices (5%; range, 0%–9.5%) [48]; for all 
types of devices, the rates of colonization increased as 
time of implantation increased. A retrospective cohort 
study [50] yielded similar results in a pediatric subgroup 
of patients; the infection rate associated with Camino [1] 
fiberoptic monitors was 0.3%. There is no evidence-based 
consensus regarding antibiotic prophylaxis for various 
classes of devices or for duration of implantation.

12.5.2 Hemorrhage

Hemorrhage associated with ICP monitoring has not 
been clearly defined in many reports but appears to 
occur infrequently; the overall incidence of hematoma 
is 1.4%. In one study, substantial hematomas requiring 
evacuation occurred in 0.5% of patients who required 
ICP monitoring [51].

12.5.3  Malfunctioning and Malpositioning 
of ICP Monitors

Malfunctioning and displacement of ICP monitors are 
the most frequently reported complications associated 
with the use of these devices. Malfunction or obstruc-
tion has been observed in association with 6.3% of fluid-
coupled ventricular devices, 16% of subarachnoid bolts, 
and 10.5% of subdural catheters [52,53]. In a pediatric 
population, Camino fiberoptic monitors malfunctioned 
in 2.6% of cases and were displaced in 1% [50]. The 
implications of malfunction and displacement include 
inaccurate ICP readings, potential morbidity associated 
with reinsertion, and additional cost.

12.6 Conclusion

Invasive devices, such as lines and tubes, have increased 
the ability of the practitioner to care for critically ill 



121Complications Associated with the Use of Invasive Devices in the Intensive Care Unit

© 2008 Taylor & Francis Group, LLC

patients in the ICU. However, although such devices 
can be invaluable tools in caring for patients, their use 
is also associated with significant morbidity and mor-
tality. Understanding the potential pitfalls associated 
with these devices will increase the clinician’s ability 
to diagnose and treat such complications and to imple-
ment strategies that may prevent the occurrence of such 
complications in the future.

Complications with the Use of Invasive Devices in the ICU

CVC Complications Prevention

Venous air embolism Case reports 
(rare)

Trendelenburg

Pneumothorax 1%–4% Technique
Hemorrhage (local) Case reports 

(rare)
Technique
INR 
platelets––normal

Carotid artery puncture 2%–10% [9] Ultrasound
Hemorrhage (mediastinal) <1% [14] Catheter position, 

CXR
Cardiac tamponade Case reports 

(rare)
Catheter position, 
CXR

CLABSI 1.65–3.64 per 
1.000 line days

Scrub the hub [23]
Chlorhexidine 
patch [23]

Thrombosis Rate unknown Heparin
Catheter fracture Rate unknown
Arteriovenous fistula Rare
Guidewire loss Rare Technique

Arterial catheterization
Vascular insufficiency 4% [35] Allen test
Hemorrhage 2% [35]
Infection 0.5% [35] Technique, site
Arterial thrombosis 25%

Gastrostomy tubes
Aspiration 1%–30% [41] CXR, auscultate, 

aspirate
Esophageal perforation Rare Technique
Sinusitis Avoid nares
Malposition CXR, auscultate, 

aspirate
Arterial esophageal fistula Rare

Thoracostomy tubes

Infections
Empyema 1%–16% [50] Technique
Chest tube site infection Antibiotic, 

technique
Pneumonia Antibiotic

Anatomic
Subcutaneous 
emphysema

Technique, CXR

Pneumothorax Technique
Hemothorax/pleural 
effusion

Technique

Arterovenous fistula

CVC Complications Prevention

Malposition 
(subcutaneous, 
intrathoracic, 
intraabdominal)

Technique

Physiologic (re-expansion 
pulmonary edema, 
Horners Syndrome, 
myocardial ischemia)

ICP
Infection 1%–16% Technique
Hemorrhage 1.4% Technique
Malfunction 6%–16%
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Abdomen
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Abdominal wall closure, including ventral and inguinal hernia 
repair, is associated with inherent risks and complications. 
These complications, although associated with low absolute 
rates, are encountered quite frequently due to the high frequency 
with which abdominal wall surgeries are performed, and are 
among the most commonly encountered in general surgery.

13.1  Complications of Abdominal 
Wound Closure

The complications related to the closure of abdominal 
wounds can be classified broadly as infectious (superfi-
cial or deep), acute wound failure, and incisional ventral 
hernia.

13.1.1 Wound Infection

The risk factors for developing an abdominal wound 
infection are similar to surgical site infections elsewhere 

in the body and include the degree of bacterial wound 
contamination, length of operation, and patient fac-
tors such as diabetes, nutritional state, immune status, 
and obesity. Additional factors include inadequate skin 
preparation, hair removal technique, lack of or inappro-
priate perioperative antimicrobial prophylaxis, intraop-
erative patient temperature, tissue trauma, and break in 
sterile technique.23

Wounds are classified based on the potential degree 
of bacterial contamination with rates ranging from 
1.5% for class I (clean) up to 40% for class IV (dirty/
contaminated).1

13.1.2 Acute Abdominal Wound Failure

Acute wound failure includes two distinct entities: dehis-
cence and evisceration. Dehiscence is defined as sepa-
ration of the wound edges. Evisceration occurs when 
intra-abdominal viscera exit the wound. Dehiscence 
can occur without evisceration; however, in rare 
cases, the first sign of dehiscence is acute evisceration. 
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The average time occurrence for wound failure is on the 
seventh postoperative day.

Laparotomy wound dehiscence has an incidence of 
0.2%–2.3%.2 The most common cause of acute wound 
failure is technical. In addition to technical failure, there 
are a number of patient risk factors. These include age 
over 65, anemia, wound infection, emergency proce-
dure, pulmonary disease, malnutrition, sepsis, obesity, 
hemodynamic instability, ascites, immunosuppression, 
uremia, and malignancy.2,24 Postoperative risk factors 
include vomiting, prolonged ileus, urinary retention, 
and cough. Despite the presence of these multiple risk 
factors, the most common cause of acute wound failure 
is technical failure. Sutures placed too close together or 
too far apart and with inadequate bites are all at risk 
for tearing through the fascia, resulting in adverse 
outcomes.13

Management of acute wound failure, which may pres-
ent with obvious dehiscence or with leakage of serous 
fluid from the closure, consists of immediate explora-
tion with reduction of any eviscerated bowel, irrigation, 
and primary closure if possible. Controlled dehiscence 
occurs when only a small portion of the fascia sepa-
rates. This may be managed nonoperatively with care-
ful observation and local wound care. It is important 
to note that bowel exposed to the atmosphere is at risk 
for fistula formation. Nonoperative management will 
almost always progress to form a clinically evident inci-
sional hernia that may require future repair.

Fascial dehiscence is associated with a mortality 
ranging from 18% to 36%2 often due to cardiorespira-
tory failure and peritonitis. Other complications include 
recurrent dehiscence, incisional hernia, infection, fis-
tula, and intra-abdominal abscess.

13.1.3 Incisional Hernia

The incidence of incisional hernia following laparot-
omy ranges from 11% to 23%.6 In 5.9%, the hernia will 
be evident within 1 year, 78% within 2 years, and 90% 
within 3 years.3 The main risk factor for development 
of an incisional hernia is infection. Additional risk 
factors are those similar to the development of acute 
wound failure—advanced age, obesity, poor nutri-
tion, jaundice, early reoperation, pulmonary disease, 
abdominal distension, emergency surgery, and mid-
line laparotomy.

Several technical factors are related to an increased 
risk of developing an incisional hernia. There has not 
been a difference found comparing interrupted versus 
continuous running suture.3,25 There have been stud-
ies that associate incisional hernia with factors such as 
the ratio of suture length to wound length, a measure 
of suture tension, and size of tissue bites. A ratio <4 

has been associated with an increased risk of incisional 
hernia. Also, stitch length, the ratio of suture length 
to number of stitches, is a measure of wound tension. 
A stitch length of 5 or greater has been associated with 
an increased risk of wound infection.26,27 Inadequate 
healing may occur if blood flow to the fascial edges is 
compromised. This may occur if excessive tension is 
applied or during times of increased intra-abdominal 
pressure.

13.1.4 Other Complications

Rare, yet devastating, complications may result from the 
closure of an abdominal wound. These include entero-
cutaneous fistulae and inadvertent visceral injury. In 
addition, local complications such as a hypertropic scar, 
scar ossification, chronic incisional pain, peri-incisional 
numbness, and stitch abscesses or fistulae may occur 
with minimal morbidity and are mentioned here for 
completeness.

13.2 Complications of Ventral Hernia Repair

The diagnosis of ventral hernia includes a mixed group 
of abdominal wall defects ranging in size and complex-
ity from a small umbilical hernia to a large planned 
ventral hernia of the open abdomen. Large ventral her-
nias are associated with increased trophic changes in 
the overlying skin, alterations in pulmonary mechanics, 
and atrophy of the abdominal musculature. This may 
result in the need for a release of components, prosthetic 
mesh, or a combination of the two in order to repair the 
defect. Ventral hernias may be repaired utilizing either 
open or laparoscopic technique.

13.2.1  Complications of Open 
Ventral Herniorrhaphy

Recurrence is the most common complication of open 
ventral hernia repair. The risk factors are identical to 
those leading to hernia formation following laparotomy. 
Infection substantially increases the rate of recurrence. 
Measures should be taken to minimize wound infec-
tions by utilizing preoperative antimicrobial coverage 
and strict adherence to sterile technique. When possi-
ble, the patient’s immune status should be optimized by 
correcting nutritional deficiencies, aggressive periop-
erative glucose control in diabetics, and timing elective 
surgery as remotely as possible from the administration 
of immunosuppressive drug therapies such as cortico-
steroids and chemotherapy agents.
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There are basic principles that must be adhered 
to when performing an open ventral hernia repair 
similar to that of a successful laparotomy closure. 
The approximated fascia must be healthy and approxi-
mated with minimal tension. Fascial bites should be 
placed 1 cm from the edge and be placed no further 
than 1 cm apart. Prior to the use of mesh repair, recur-
rence rates for primary suture closure of large ventral 
incisional hernias ranged from 30% to 67%.28 Several 
modifications of primary closure have been advocated 
to decrease recurrence. These include using internal 
retention sutures or relaxing incisions.24

Prosthetic mesh repair of incisional hernias has 
decreased recurrence rates to the current level of 
0%–17%.28,29 While some studies recommend against 
suture repair for all incisional hernias,28 prosthetic mesh 
should not be used indiscriminately. The ideal prosthetic 
mesh has eight key characteristics: chemically inert, resis-
tant to mechanical strain, capable of being sterilized, able 
to limit foreign-body reaction, unresponsive to body and 
tissue fluids, modifiable to the size of the defect, non-
carcinogenic, and unlikely to cause allergic reaction.30 
Prosthetic materials are classified as absorbable or non-
absorbable and can be synthetic, composite, or biologic.

Permanent synthetic mesh products are composed of 
polypropylene (PP), polyester (polyethylene terephthal-
ate), or expanded polytetrafluoroethylene (ePTFE). PP is 
available in both lightweight and heavyweight variet-
ies. The heavyweight PP incites a considerable foreign-
body and chronic inflammatory response, which can 
result in contracture, scar formation, sensation of the 
mesh in the abdominal wall, loss of compliance, and 
chronic pain. The lightweight mesh is thinner with 
larger pores and causes less tissue reaction resulting in 
greater patient comfort and pliability. PP is unsuitable 
for intra-abdominal placement due to the risk of dense 
adhesions that form with the viscera, and resultant 
bowel obstruction, or fistula formation. Untreated PP is 
vulnerable to bacterial contamination.

The polyester mesh is designed to have a greater pli-
ability and reduced adhesiogenic properties.31 The main 
advantage of polyester mesh over PP may be a lower risk 
of infection.

The third type of synthetic mesh, ePTFE, can be 
placed safely in contact with the viscera. There is mini-
mal patient discomfort with ePTFE as it is very soft and 
pliable. Two commonly used ePTFE prosthetics include 
GORE-TEX® and Teflon®.

A composite mesh is two-sided with a barrier on the 
visceral side that repels tissue ingrowth and adhesions, 
while the parietal side is synthetic to promote tissue 
ingrowth. Examples include a lightweight PP supple-
mented with oxidized cellulose, and a PP coated with a 
hyaluronate carboxymethylcellulose.

A biologic mesh is a collagen-based porcine, bovine, 
or human matrix that may be implanted in the extra-
peritoneal or intraperitoneal positions.30 The advantage 
of the biologic mesh is that it may be implanted in a situ-
ation when a synthetic mesh would be contraindicated, 
such as a high-infection risk. The biologic mesh, unlike 
the synthetic products mentioned earlier, supports 
angiogenesis and thus allows the delivery of antibiotics 
and white blood cells. The biologic mesh is not immune 
from infection. When infected, the mesh becomes encap-
sulated, rather than incorporated, or degrades. A 2009 
study evaluating adverse effects associated with the bio-
logic mesh identified the following: acute mechanical 
failure/evisceration (42%), mesh disintegration (13%), 
postoperative infection (5%), and fistula (3%).32

A number of studies have shown that the technique 
employed for mesh fixation or mesh position (extrafas-
cial, subfascial, or intraperitoneal) does not affect recur-
rence rates.33

As mentioned earlier, there is sufficient evidence sup-
porting the use of a mesh over direct suture repair with 
regard to a significantly lower recurrence rate.33 The use of 
a prosthetic mesh, however, is associated with increased 
local wound complications and additional unique compli-
cations. Infection is the most critical of the complications 
associated with the prosthetic mesh. Infection in the set-
ting of a synthetic or composite mesh requires its explan-
tation. This difficult procedure often leaves the patient 
with a colonized abdominal wall defect.30 Infection rates 
may be as high as 10% with open mesh repairs.34

In addition to infection, a variety of early and late 
complications associated with the use of the prosthetic 
mesh were outlined by Leber et al.35 The early com-
plications included ileus, cellulitis, wound drainage, 
hematoma/seroma, pneumonia, pulmonary embolus, 
and deep venous thrombosis (DVT). Late complica-
tions included recurrence (median of 1 year), chronic 
infection/sinus (6% at a median of 6 months), small-
bowel obstruction (5.5% at a median of 18 months), and 
enterocutaneous fistula.

13.2.2  Complications of Laparoscopic 
Ventral Herniorrhaphy

Similar to open ventral hernia repair with a mesh, the 
laparoscopic technique involves reduction of the her-
nia contents, intraperitoneal placement of a prosthetic 
mesh, and fixation of the mesh to the anterior abdomi-
nal wall. To limit the inflammatory reactions between 
the mesh and the abdominal contents (thus decreasing 
the incidence of adhesions and fistulae), the least reac-
tive prosthetic material should be used.

Multiple retrospective and prospective studies8,9,16,36–38 
have demonstrated overall complication rates ranging 
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from 1% to 20% for the laparoscopic approach. Intra-
operative complications are subcutaneous emphysema 
and hypercarbia from abdominal insufflation (0.7%), 
respiratory failure (0.7%), and unintentional enterotomy 
(0%–4.8%). Postoperative complications are seroma (1.2%–
16%), mesh infection (0%–3.6%), trocar site infection (0%–
3.3%), ileus (2%–10%), small-bowel obstruction (0%–4.8%), 
pulmonary compromise (0%–4.8%), and chronic pain 
(0%–3.6%).

When comparing laparoscopic to open ventral and 
incisional hernias, one large meta-analysis39 concluded 
that there are lower perioperative complication rates 
and shorter lengths of hospital stay. An analysis of 
the National Surgical Quality Improvement Program 
(NSQIP)38 compared 30-day morbidity and mortal-
ity between laparoscopic and open ventral hernia 
repairs. The authors concluded that there are equiva-
lent mortality rates between the two procedure types 
and that there is a “significantly greater [complica-
tion] risk” associated with open repairs. Another large 
meta-analysis performed by the Cochrane Group in 
20119 concluded that laparoscopic repairs have a lower 
wound infection rate and quicker recovery versus 
open, but were associated with a potentially higher 
risk of bowel injury.

13.3  Complications of Inguinal Hernia Repair

The following discussion outlines the main complica-
tions of open and laparoscopic inguinal herniorrhaphy. 
Specific approaches and techniques are discussed only 
in reference to their association with specific complica-
tions and to the differences in their rates of recurrence.

Inguinal hernia repair is one of the most commonly 
performed procedures in general surgery, with nearly 
800,000 being performed in the United States each year.40 
Because of the complex anatomical relationships within 
the inguinal region and the large number of important 
structures susceptible to injury, there are a number of 
unique challenges during inguinal hernia repair.

13.3.1  Complications of Open 
Inguinal Herniorrhaphy

Complications of open inguinal herniorrhaphy can 
be either intraoperative or postoperative. In general, 
both intraoperative and postoperative complications 
are technical in nature and can be avoided by precise 
knowledge of inguinal anatomy, the experience of the 
surgeon, and keen attention to detail during the perfor-
mance of the operation.

13.3.1.1 Intraoperative Complications

Intraoperative complications include: injury to vascular 
structures, spermatic cord transection, injury to the vas 
deferens, nerve injury, testicular devascularization, and 
injury to the viscera.41 These complications often are 
not recognized at the time of surgery and may present 
during the postoperative period. Nevertheless, they are 
discussed here as intraoperative complications, because 
the initial technical error occurs during the surgical 
procedure itself.

Hemorrhage can result from injury to any of the 
multiple vascular structures in the inguinal region: 
the pubic branch of the obturator artery; cremasteric 
artery; inferior, deep epigastric vessels; deep circumflex 
iliac vessels; external iliac vessels; and femoral vessels. 
Injuries to the epigastric, pubic, and cremasteric ves-
sels can usually be managed safely and effectively with 
direct ligation of the bleeding vessel. Injuries to the deep 
circumflex iliac, external iliac, and femoral vessels usu-
ally result from errant suture placement, and are best 
managed by removing the offending suture and apply-
ing direct pressure. If direct pressure fails to provide 
adequate hemostasis, wide exploration of the femoral 
sheath is necessary for more effective manual compres-
sion or for further suture repair when necessary.

When a vascular injury occurs intraoperatively, care-
ful postoperative observation is necessary so that arte-
rial or venous thrombosis or thromboembolic events 
can be detected. Perioperative venous thrombosis has 
been associated with thrombophlebitis of the dorsal 
vein of the penis, a complication with an incidence as 
high as 0.65%.41 Delayed complications of vascular 
injury are arterial or venous stenosis, pseudoaneurysm, 
and arteriovenous fistula. Failure to detect or adequately 
address small vascular injuries at the time of surgery 
often results in the formation of postoperative hemato-
mas in the wound or in the scrotum. These hematomas 
usually resolve spontaneously and rarely require explo-
ration, but they can cause substantial discomfort for the 
patient and can become secondarily infected.

Hernia repair may occasionally require intentional 
sacrifice of the spermatic cord. This maneuver is usu-
ally reserved for particularly difficult large or recurrent 
inguinal hernias in elderly men. After inguinal hernior-
rhaphy, unintentional cord transection usually causes 
fever, and testicular swelling and tenderness; it may 
cause long-term complications of testicular atrophy or 
hydrocele formation rarely requiring orchiectomy in the 
future.

The nerves at risk of injury during open inguinal 
hernia repair are the ilioinguinal nerve, iliohypogastric 
nerve, and genital and femoral branches of the genito-
femoral nerve. The ilioinguinal nerve lies beneath the 
external oblique aponeurosis along the surface of the 
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spermatic cord. Injury most commonly occurs when the 
external oblique is opened for exposure of the inguinal 
canal. It results in loss of sensation to the base of the 
penis, upper scrotum, and inner thigh. The iliohypogas-
tric nerve can be injured by relaxing incisions in the rec-
tus sheath or by medial dissection during preperitoneal 
hernia repair. Such injury usually causes sensory loss to 
the suprapubic area. The genitofemoral nerve perforates 
the internal oblique muscle at the origin of the cremaster 
muscle. Injury to this nerve causes motor weakness of 
the cremaster muscle and cutaneous sensory loss in the 
penis and scrotum. The femoral branch of this nerve lies 
deep to the inguinal canal; injury to this branch causes 
sensory loss to the lateral thigh. Injury to any of these 
nerves usually produces only temporary symptoms that 
characteristically resolve within 6 months. Reports indi-
cate that as many as 18%–20% of patients with hernias 
experience neurapraxia and hyperesthesia.41

When nerve transection is recognized during surgery, 
the severed nerve end should be ligated so as to reduce 
the possibility of the formation of a painful neuroma.

Unlike nerve transection, nerve entrapment can 
result in the development of serious long-term pain syn-
dromes. Chronic (persisting greater than 12 months) 
pain after herniorrhaphy has been reported to occur 
in as many as one-third of cases.42 Genitofemoral 
neuralgia is a well-described chronic pain syndrome 
associated with inguinal herniorrhaphy. Symptoms 
are hyperesthesia in the cutaneous distribution of 
the genitofemoral nerve and chronic inguinal pain 
extending to the genitalia and upper thigh. This pain 
is often exacerbated by walking, hip extension, and 
pubic tubercle pressure, and can frequently be relieved 
by hip flexion at rest. Pain and paresthesias associ-
ated with nerve entrapment and neuroma formation 
can initially be managed with local nerve blocks. The 
iliohypogastric and ilioinguinal nerves can be blocked 
by using an L1 and an L2 block. Persistent symptoms 
may require reexploration, with ligation and sever-
ance of the involved nerve. The presence of a short-
lived response to a local block can help guide therapy 
toward a specific nerve, but in the absence of such evi-
dence, therapy is best directed empirically at all three 
nerves. Occasionally, the condition does not respond 
to appropriate nonsurgical and surgical therapies; in 
such cases, patients should be referred to a chronic 
pain specialist.

The blood supply to the testis is primarily derived 
from the internal spermatic artery, which is a part of 
the spermatic cord. In the event of any interruption of 
flow in the internal spermatic artery, collateral circula-
tory input provided by branches of the vesical, prostatic, 
and deferential arteries can prevent testicular ischemia. 
If the collateral circulation is also disrupted, acute 

testicular necrosis or testicular atrophy may result. 
Thus, care must be taken to preserve the collateral ves-
sels and the internal spermatic artery during inguinal 
herniorrhaphy.

Because of its potential impact on fertility, injury to 
the vas deferens is a serious concern of all surgeons per-
forming inguinal hernia surgery. When it occurs, tran-
section of the vas deferens mandates immediate repair. 
Approximately 50% of such repairs yield a functional 
result. Improper handling of the vas deferens can cause 
injury in the absence of transection. Such injury may 
involve obstruction of the lumen of the vas, a lesion that 
can cause painful ejaculatory dysfunction.

Injury to abdominal viscera during inguinal hernior-
rhaphy usually occurs in association with sliding her-
nias involving bladder or bowel wall. The wall of the 
urinary bladder can participate as a sliding component 
of the medial aspect of a direct inguinal hernia. As 
such, it can be injured during the placement of medial 
sutures or with dissection or opening of the hernia sac 
during the hernia repair. When recognized intraopera-
tively, injury to the urinary bladder should be repaired 
immediately, and the repair should be protected with 
bladder decompression via an external bladder catheter. 
Bowel injury can occur during high ligation of an indi-
rect hernia sac, when the bowel wall is a component of 
the sac. The injury can be a simple enterotomy or a mes-
enteric injury with segmental vascular compromise. In 
either case, potential sequelae are bowel obstruction, 
fistula, and abscess formation. Enterotomies are best 
managed with primary repair, wound irrigation, and 
hernia repair without prosthetic material if possible. 
Devascularization of bowel may require resection, with 
or without laparotomy, and proximal diversion may 
occasionally be required for colon injuries.

13.3.2 Postoperative Complications

In addition to the postoperative complications of scro-
tal ecchymosis, testicular atrophy, and neuroma men-
tioned in Section 13.4.1, a number of other postoperative 
complications are associated with open inguinal her-
niorrhaphy. These are urinary retention, osteitis pubis, 
testicular swelling, hydrocele, infection, missed hernia, 
and recurrence.

Urinary retention, defined as a need for urinary 
catheterization, can occur following hernia repair. It 
appears to be more common when bilateral hernia 
repair is performed and when the hernia is performed 
under general or spinal anesthesia.42 One large review 
performed by Jensen et al. with over 25,000 patients 
found the incidence to be 3% of patients undergoing 
general anesthesia, 2.4% with regional anesthesia, and 
0.37% with local anesthesia.20 There also appears to be 
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a direct relationship with the administration of increas-
ing doses of postoperative narcotics and postoperative 
intravenous fluid administration.43 This complication is 
exacerbated by the presence of other conditions associ-
ated with urinary retention, such as benign prostatic 
enlargement. Initial management of postoperative uri-
nary retention is intermittent bladder catheterization 
until the patient is able to void spontaneously. In some 
cases, long-term bladder catheterization and referral to a 
urologist may be necessary. To avoid this complication, 
urology referral and treatment of known or suspected 
prostatic disease may be advisable prior to elective her-
nia repair.44

The placement of suture material in the periosteum 
of the pubic bone during inguinal herniorrhaphy has 
been associated with persistent inflammation of the 
periosteal layer, a condition known as osteitis pubis. 
This painful syndrome is usually self-limiting and 
responds to the administration of nonsteroidal anti-
inflammatory agents. Although osteitis pubis was once 
a well-described complication of inguinal hernia repair, 
modern techniques of inguinal herniorrhaphy have ren-
dered this complication exceedingly rare.

A swollen testis after inguinal hernia repair may be 
caused by tight closure of the tissues or mesh around 
the spermatic cord. Occasionally, such swelling results 
from lymphatic injury, venous injury, or venous throm-
bosis induced by dissection of the cord; other causes are 
hematoma or seroma. Regardless of its cause, postopera-
tive testicular swelling is usually self-limiting. The man-
agement involves scrotal support and pain control until 
swelling resolves. Postoperative swelling associated 
with severe testicular pain and fever may indicate isch-
emic orchitis. In the absence of obvious arterial injury, 
ischemic orchitis may result from venous thrombosis of 
the cord vessels. In severe cases, the pain may last for as 
long as 6 weeks, and the condition may progress to tes-
ticular atrophy. The incidence of testicular atrophy has 
been estimated to be 0.036% after primary repairs and 
0.46% after repair of recurrent hernias.41 Limited dissec-
tion and trauma to the spermatic cord are paramount to 
prevention of testicular atrophy.45

The development of fluid collections along the course 
of the spermatic cord is not uncommon after inguinal 
hernia repair; it occurs with an incidence of 0.7%.23 These 
collections are commonly referred to as hydroceles, but 
they actually result from a number of different causes 
such as retained distal hernia sac, impaired lymphatic 
or venous drainage, and inflammatory fluid accumula-
tions in proximity to mesh. Postoperative formation of 
seromas has been associated with the degree of tissue 
trauma and the use of prosthetic mesh material; its inci-
dence ranges from 0% to 17.6%.41 Hydroceles and sero-
mas rarely require operative intervention unless they 

become infected. Those that persist for more than 6–8 
weeks may require aspiration, open drainage, or both.

The incidence of wound infection after open ingui-
nal herniorrhaphy is approximately 1%. Factors that 
increase infection rates are advanced age (3.2-fold 
increase), female sex (2.1-fold increase), presence of a 
drain (9-fold increase), duration of operation (increased 
infection risk from 2.7% to 9.9% with increased dura-
tion from 30 to 90 min), incarceration (7.8% infection 
rate), and recurrent hernia (10.8% infection rate).41 The 
use of prosthetic mesh does not appear to increase these 
rates, but it has been associated with the phenomenon of 
delayed infection, months to years after herniorrhaphy. 
Moreover, the presence of infection or contamination 
typically precludes the use of synthetic mesh. Wound 
infections are managed with drainage and local wound 
care. Antibiotics are rarely indicated. The presence of 
deep infections after inguinal herniorrhaphy increases 
the risk of hernia recurrence.

Occasionally, a new hernia will be noted after an 
apparently successful inguinal hernia repair. Such cases 
usually involve a small indirect or femoral hernia not 
appreciated at the time of direct inguinal herniorrha-
phy. A second hernia is present in >13% of cases.41 This 
complication is entirely preventable and can be avoided 
by careful palpation for other hernias at the time of 
repair and by complete opening of the floor of the ingui-
nal canal, a maneuver not performed by a large number 
of surgeons.

Although fascial weakness may contribute to some 
hernia recurrences, the cause of recurrence is almost 
always a technical error. The primary technical factor 
influencing hernia recurrence is the degree of tension 
on the repair. Tension causes impaired healing and ren-
ders the repair susceptible to disruption and subsequent 
recurrence. The differences in recurrence rates among 
the various techniques of open inguinal hernia repair 
probably reflect differences in the degree of intrinsic ten-
sion of the repair. The recurrence and re-recurrence rates 
associated with the two techniques of open inguinal 
hernia repair most commonly used today, the tension-
free mesh technique (Lichtenstein) and the mesh plug 
technique, are similarly low (0%–1.6%).41 The widespread 
acceptance of these two tension-free approaches to ingui-
nal herniorrhaphy is due primarily to the widespread 
recognition of the important relationship between ten-
sion and recurrence. For completeness and historical per-
spective, the following is a summary of the recurrence 
and re-recurrence rates, respectively, for three common 
tissue repairs of inguinal hernia: Bassini—2.9%–25% 
and 6.5%–13.4%, Shouldice—0.2%–27% and 2.6%–6.4%, 
and McVay—1.5%–15.55% and 2.4–5.5%.41

A recent review of over 1000 groin hernia repairs 
from 2001 to 2009 compared various outcomes and 
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complication rates between elective and acute repairs. 
This retrospective study found that acute repairs had a 
statistically significant higher overall complication rate 
27% versus 15%. There was also a higher rate of organ 
resection 11.1% versus 0.2% and a higher rate of reopera-
tion in the acute group. In addition, the study showed a 
significantly shorter survival rate in patients undergo-
ing acute repairs.46

13.3.3  Complications of Laparoscopic 
Inguinal Herniorrhaphy

Laparoscopic inguinal hernia repair recently entered its 
second decade of existence, and substantial improve-
ments in techniques and instrumentation continue to 
advance the field. The three main techniques of laparo-
scopic inguinal herniorrhaphy are the intraperitoneal 
onlay method (IPOM), the transabdominal preperito-
neal repair (TAPP), and the total extraperitoneal repair 
(TEP). The evolution of laparoscopic inguinal hernior-
rhaphy from IPOM to TAPP to TEP has been driven by 
the desire to maintain low recurrence rates while reduc-
ing operative time, cost, complications, and anesthetic 
risk. The IPOM technique involves placing an intra-
abdominal sheet of mesh directly over the hernia defect. 
Although IPOM remains important from a historical 
perspective, the TAPP and TEP repairs have become the 
favored approaches of nearly all laparoscopic surgeons. 
The TAPP repair involves transabdominal laparoscopic 
dissection of the anterior abdominal wall and secure 
coverage of the mesh with peritoneum. This approach 
has the advantage of preperitoneal mesh placement, 
but it has the disadvantage of requiring entry into the 
peritoneal cavity and the use of general anesthesia. The 
TEP repair involves extraperitoneal dissection to sepa-
rate the peritoneum from the inguinal area, laparoscopic 
dissection and reduction of the hernia, and placement 
of mesh between the peritoneum and the transversalis 
fascia defect.

With increasing experience and use, the complication 
rate associated with laparoscopic inguinal herniorra-
phy has declined. There is however only one published 
randomized controlled trial directly comparing TEP 
and TAPP.47 The complications of laparoscopic ingui-
nal herniorraphy can be classified as those related to 
laparoscopy, complications specific to TAPP or TEP, and 
complications common to both.

The decision of whether to perform a TEP or TAPP 
depends largely on surgeon preference and experience. 
Many studies have shown no difference in the overall 
complication rates.18 Many experts agree that TEP may 
be more advantageous for repair of direct hernias, espe-
cially when bilateral. TAPP may be better in strangu-
lated hernias, very large hernias, scrotal hernias, and in 

those with a previous preperitoneal repair or prior radi-
cal prostatectomy.18

13.3.4 Complications Related to Laparoscopy

The complications related to laparoscopy itself are those 
related to the access technique and those related to 
pneumoperitoneum. Those related to access technique 
are Veress needle or trocar injuries to abdominal viscera 
with the TAPP approach. Complications related to CO2 
insufflation are pneumothorax, hypercarbia, and subcu-
taneous emphysema.

13.3.5  Complications Related to Transabdominal 
Preperitoneal Repair

Complications unique to the TAPP approach are those 
related to the administration of general anesthesia and 
those related to mesh placement and fixation. The TAPP 
approach requires general anesthesia to allow pneumo-
peritoneum and adequate operative exposure. Although 
most patients tolerate general anesthesia without serious 
adverse sequelae, the use of general anesthesia for high-
risk patients, such as those with severe cardiac and pul-
monary disease, is associated with considerable risk. The 
TAPP approach may therefore expose such patients to 
substantial risk for perioperative cardiac and pulmonary 
complications. The TAPP approach also requires that the 
mesh prosthesis be adequately secured and isolated from 
the abdominal contents by the peritoneum. Failure to 
achieve adequate fixation or coverage may result in fistula, 
internal hernia, bowel obstruction, or hernia recurrence.

13.3.6  Complications Related to Total 
Extraperitoneal Repair

Complications related to the TEP approach are primar-
ily those associated with extraperitoneal dissection and 
exposure of the inguinal area. Injury to the epigastric 
vessels can be avoided by midline port placement and 
preservation of the vessel’s location on the abdominal 
wall. Peritoneal injury can cause loss of exposure due to 
the leakage of insufflated CO2 into the peritoneal cavity. 
Although this loss of exposure may precipitate conver-
sion to TAPP or open repair, restoration of the operative 
exposure may be possible by venting the pneumoperito-
neum with a Veress needle and repairing the peritoneal 
defect laparoscopically.

13.3.7  Complications Common to 
Transabdominal Preperitoneal Repair 
and Total Extraperitoneal Repair

In general, the complications common to TAPP and 
TEP are also shared with open techniques of inguinal 
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herniorrhaphy. These are vascular injury, visceral injury, 
testicular atrophy, nerve injury, hematoma/seroma, 
recurrence, and complications related to the use of mesh.

Vascular structures at particular risk of injury dur-
ing laparoscopic hernia repair are the iliac, iliopubic, 
and accessory obturator vessels. Most studies show a 
tendency toward more vascular complications (0.42 vs. 
0.25) with TEP. TEP also places abdominal wall vessels 
such as the epigastric vessels at risk due to the need for 
a wide preperitoneal dissection.48

Visceral injury can occur during laparoscopic repair 
and is often associated with port placement and access 
to the abdomen. There is no definitive evidence sup-
porting an open entry technique for establishing 
pneumoperitoneum compared to other techniques. 
The International Endohernia Society 2011 guidelines 
recommend open access over Veress needle in the set-
ting of previous open abdominal surgery.18 The inci-
dence of visceral lesions may be higher during a TAPP 
with an incidence of 0.6 versus 0.05 with the TEP 
approach.18

Bladder injury can occur with either TAPP or TEP, and 
occurs with an incidence of 0%–0.2%.48 Bladder injury 
during TAPP can be avoided by limiting dissection to 
the area lateral to the medial umbilical ligament. The 
management principles for bladder injuries sustained 
during laparoscopic herniorrhaphy are the same as 
those for bladder injuries that occur during open ingui-
nal herniorrhaphy. The bladder should be repaired pri-
marily by using laparoscopic techniques, and bladder 
decompression should be maintained postoperatively 
via an indwelling bladder catheter.

Although ischemic orchitis and testicular atrophy 
are relatively common complications of open inguinal 
herniorrhaphy, these complications are rarely seen after 
laparoscopic repair. The low incidence of these compli-
cations is mainly due to the fact that both TAPP and TEP 
laparoscopic techniques use preperitoneal approaches 
and avoid excessive cord dissection, thus limiting the 
risk of testicular devascularization.

The overall incidence of nerve injuries in associa-
tion with laparoscopic inguinal hernia repair (TEP and 
TAPP) has been reported to be 3.9%–11.2%.11 The spe-
cific nerves at risk of injury are the genitofemoral nerve 

(most commonly), the ilioinguinal nerve, and the lateral 
femoral cutaneous nerve.49 In general, nerve injuries 
can be avoided by minimizing or eliminating the use 
of fixation devices or avoiding placement of fixation 
devices within the area lateral to the deep inguinal ring 
and ventral to the iliopubic tract, the so-called “triangle 
of pain.”49 As is true of nerve injuries after open hernia 
repair, those that occur after laparoscopic repair usually 
resolve spontaneously, but nerve blocks, surgical reex-
ploration, or both may be required.

Recurrence rates in patients undergoing laparoscopic 
inguinal hernia repair (TEP or TAPP) vary with sur-
geons’ experience. One large randomized controlled 
trial by Neumayer found the recurrence rate with lap-
aroscopic repair to be significantly greater than open 
repair (10.1% vs. 4.0%).10 Experienced laparoscopic sur-
geons with more than 250 procedures seem to have a 
recurrence rate that approaches that of open repair.

Wound, hematoma, and seroma are also known com-
plications of laparoscopic inguinal hernia repair—both 
TEP and TAPP. The wound infection, hematoma, and 
seroma rates, in a large meta-analysis of randomized 
controlled trials,11 are 1.1%, 13.1%, and 12.2%, respec-
tively. Wound infection and hematoma are significantly 
lower in the laparoscopic group when compared to 
open techniques. Seroma occurs more frequently in the 
laparoscopic group and was found to be statistically 
significant.

As is also true of open hernia repair, with laparo-
scopic repair, mesh complications such as infection and 
erosion into adjacent structures (i.e., bowel or urinary 
bladder) can also occur.

13.4 Conclusion

Complications of abdominal wall surgery and hernia 
repair are some of the most common complications 
encountered by general surgeons. Therefore, a thorough 
knowledge of the causes and implications of these com-
plications and of their management is essential to the 
successful practice of general surgery.

Major Complications of Abdominal Wound Closure

Complications Incidence (%) References Comments

Wound infection 1.5–40 [1,12] Variation based on wound class
Avoid by adherence to the CDC guidelines for 
prevention of surgical site infection

Acute wound failure 0.2–2.3 [2] Most commonly occurs on seventh postoperative day
Incisional hernia 4–20 [3,13,14] 78% evident within 2 years; avoid by utilization of 

good technique; suture length to wound length 
ratio = 4–5; avoidance of tissue strangulation
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How to Avoid Complications of Ventral and Inguinal Hernia Repair

Complications Methods of Avoidance Comments References

Mesh infection Decrease operative time, avoid additional 
concomitant procedures, and increase tissue 
coverage

Must be confirmed with positive 
culture of the mesh or a deep 
culture from surrounding fluid

[7]

Intraoperative hemorrhage Utilization of noncutting trocars, direct 
visualization of trocar placement

Hemorrhage must be controlled 
to avoid intramuscular or 
extraperitoneal hematoma

[15]

Enterotomy Open technique for placement of initial trocar; 
gentle traction and direct visualization

May be unavoidable; presence of 
ascites or free air; increasing 
pain; fever; leukocytosis should 
warrant further work-up

[15]

Seroma/hematoma Avoid use of cutting trocars during laparoscopic 
repair

Observation and conservative 
management usually will suffice

[15]

Trocar site hernia Use of dilating trocar over cutting; closure of trocar 
sites >10 mm

[15]

Chronic pain May be unavoidable Can attempt to instill bupivacaine 
at the site of chronic pain

[15]

Major Complications of Open and Laparoscopic Inguinal Hernia Repair

Complications

Incidence

References CommentsOpen (%)
TEP/TAPP 

(%)

Wound infection 1.4 1.0 [10] Risk increases with age, female sex, 
incarceration, recurrence

Recurrence 2.7 3.2–5.5 [11] Incidence with laparoscopy varies 
with experience

Spermatic cord injury 0.8 0.1 [10]
Major vascular injury 0 0.09 [11]
Inguinal paresthesias 8.0 3.9 [11]
Testicular complications 0.8` 0.6 [11]
Bowel injury 0.06 0.1 [11]
Bladder injury 0 0.1 [11]
Chronic pain 12.7 7.6 [11]
Hematoma 16.0 13.1 [11]
Wound infection 2.7 1.0 [11]
Seroma 8.9 12.2 [11]
Urinary retention 2.7 3.5 [11] Statistically significantly greater 

when compared to all open repairs

Major Complications of Open and Laparoscopic Ventral Hernia Repair

Complications

Incidence

References CommentsOpen (%) Lap (%)

Infection 10.4 2.3 [5]
Recurrence 0–49 4.3 [5,6] Variation depends on the type of 

repair (i.e., mesh vs. suture)
Seroma 12.0 10.6–16.7 [5,9] Varies based on the mesh position
Mesh infection 3.2 1.5 [5,7] S. aureus = most common organism; 

must be confirmed with culture-
positive mesh or culture-positive 
fluid surrounding the mesh

Total wound 
complications

16.8 5.3 [5] Hematoma, cellulitis, dehiscence, fat 
necrosis (includes infection)

Enterotomy 1.2 1.55 [5]
Ileus 4.0 — [8]
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Gallbladder and biliary tract operations are among the most 
common abdominal procedures performed in the United 
States. Approximately 800,000 new cases of cholelithia-
sis are diagnosed annually, half of which are symptomatic. 
Gallstones are present in approximately 10% of the adult 

population of the United States.1 Minimally invasive 
approaches for cholecystectomy have become the standard 
over the last 20 years and have added a new dimension to 
biliary surgery and its resulting complications. While lapa-
roscopic techniques have produced shorter hospital stays, 
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less postoperative pain, earlier return to full activity, and 
overall lower complication rates compared with open cho-
lecystectomies, these gains were accompanied initially by 
an increased rate of injuries to the biliary ducts. Over time, 
these rates have ultimately remained stable.1–3 Timely recog-
nition of injuries, prompt referral, and a multidisciplinary 
approach involving surgeons, interventional radiologists, 
and gastroenterologists are imperative for the proper man-
agement of these complications.
Patients undergoing biliary procedures are prone to the usual 
complications that may occur after any major abdominal pro-
cedure. Elderly patients are at highest risk for morbidity and 
mortality, especially when perioperative presentation is taken 
into consideration.4,5

14.1 Introduction

It is estimated that 500,000–700,000 cholecystectomies 
are performed annually in the United States. Karl 
Langenbuch performed the first cholecystectomy in 
1882,6,7 and the operation remained the gold standard 
for the treatment of gallbladder disease for the next 100 
years. Alternative treatments such as shock wave litho-
tripsy and gallstone dissolution emerged over the years 
but have been demonstrated to be inferior to surgical 
therapy.8,9 Initial reports of laparoscopic cholecystec-
tomy (LC) originated from Europe, where Professor 
Muhe of Boblingen, Germany, reportedly performed the 
first LC on September 12, 1985. A few years later in the 
United States, McKernan and Saye performed the first 
LC in Marietta, Georgia in 1988. Currently, approxi-
mately 85%–90% of cholecystectomies in the United 
States are being performed in this fashion. Symptomatic 
cholelithiasis is the most common indication for this 
operation. The overall complication rate associated with 
LC is 5%,10 whereas that with open cholecystectomy 
(OC) is 14%.10 At the onset of LC, the incidence of bile 
duct injury was twice higher than that of OC (0.5% and 
1%, respectively). This initial higher rate was attributed 
to the learning curve adopting the new procedure. Over 
time, the bile duct injury rate has reached a plateau of 
0.2% with LC. Currently, no difference has been shown 
in the rates of bile duct injury, bile leak, or other opera-
tive complications between LC and OC.1

Operations on the common bile duct (CBD), such 
as common bile duct explorations (CBDEs) for biliary 
calculi, are now performed less frequently because of 
the widespread use of endoscopic retrograde cholan-
giopancreatography (ERCP). This procedure has been 
very effective in stone removal, both preoperatively 
and postoperatively; thus, CBDE can be avoided in 
many cases.

14.2  Prevention of Potential Pitfalls 
during Elective Biliary Surgery

LC is now the gold standard for the treatment of 
cholelithiasis. Injury to the bile duct is the most concern-
ing complication and has profound immediate and long-
term consequences for the patient. The rate of bile duct 
injury in association with LC over time has remained 
steady with reported ranges of 0.18%–0.6%. Conversion 
to OC when LC cannot be performed safely or when 
injury is suspected should always remain an option for 
surgeons. The conversion rate from LC to OC is reported 
to be 5%–10%.11 Common cited reasons for conversion 
are acute inflammation, severe chronic inflammation, 
adhesions from previous surgery, aberrant anatomy, 
equipment problems, stone spillage, bile duct laceration, 
bowel injury, the need for common duct exploration, and 
gallbladder carcinoma. Factors predictive of conversion 
to OC include the male gender, previous abdominal sur-
gery, obesity, gallbladder wall thickening, suspicion of 
CBD stones, jaundice, acute cholecystitis, leukocytosis, 
surgeon experience, and obesity.

Several studies have found that certain factors are 
associated with an increased propensity for injury dur-
ing LC. These include acute inflammation, chronic scar-
ring or fibrosis of the gallbladder and biliary tree, fat in 
the porta hepatis, bleeding during the procedure, and 
aberrant anatomy.

Wound infection (usually at the site of the umbilical 
trocar), bleeding due to trocar insertion, bowel injury, 
retained stones, and subcutaneous emphysema are 
other complications that may occur after LC. Simple 
attention to detail can help prevent unnecessary 
complications during LC and OC. Certain safeguards 
and tips for the performance of LC are highlighted in 
the following sections.

14.2.1  Trocar Placement during 
Laparoscopic Cholecystectomy

Serious injuries have occurred with the establishment of 
access into the abdominal cavity, including bowel per-
foration, retroperitoneal hematoma, and omental inju-
ries. Vascular injuries, such as lacerations of the aorta, 
the inferior vena cava, and the iliac vessels, although 
rare, have been reported. The Hasson and Veress tech-
niques are the two standard access techniques used to 
establish a pneumoperitoneum. Recent studies show 
no statistically significant difference in complications 
between the two techniques. The Hasson technique 
lessens the risk of vascular injuries; however, it does 
not decrease the rate of bowel injuries.12,14,15 Whatever 
method is used, care must be taken when establishing 
access, and proceeding to a laparotomy should be 



141Complications of Biliary Tract Surgery and Trauma

© 2008 Taylor & Francis Group, LLC

strongly considered if an injury is suspected. A third 
method of access is the use of visual techniques, that 
is, a trocar insertion under direct vision with a scope in 
situ. This method is similarly not totally “injury proof” 
and should be avoided in areas where there are prior 
laparotomy scars.

Subcutaneous emphysema, pneumothorax, and gas 
embolism are rarely reported complications resulting 
from the creation of a pneumoperitoneum.

14.2.2 Gallbladder Dissection and Retraction

A surgical approach to dissection that involves cephalad 
and lateral traction of the gallbladder tends to align the 
cystic duct in parallel with the CBD and offers a better 
view for anatomical identification. Additionally, blunt 
dissection of the cystic duct and artery should begin 
laterally and proceed medially only to an area where 
a “critical view of safety” is obtained.13–15 This critical 
view is the identification of the gallbladder wall on the 
right, the cystic duct inferiorly, and the cystic artery on 
the left. The entire fatty dissection of this triangle and 
the mobilization of the infundibulum, both anteriorly 
and posteriorly, permit visualization of the liver surface 
through the Calot triangle. Studies have shown that 
this systematic approach can identify appropriate land-
marks and any anatomical anomalies.

Hunter has proposed some specific technical steps 
aimed at preventing bile duct injuries during LC. These 
are (1) the liberal use of the 30° laparoscope, (2) firm 
cephalad–fundal retraction, (3) lateral infundibular 
retraction, and (4) dissection of the cystic duct.16

A retrospective review of 10,000 cholecystectomies 
without any CBD injuries performed at a center in China 
highlighted their keys to excellent patient outcomes—
surgeon’s expertise in biliary surgery, preoperative 
imaging, precise operative procedures, and conversion 
from LC to OC when needed.17

Common situations that can lead to complications 
include severe inflammation, scarring, or bleeding, 
which in turn lead to the CBD easily being confused 
with the cystic duct, and chronic inflammation that may 
result in the fusion of the cystic duct and the common 
hepatic duct (CHD). This scenario could lead to a CHD 
injury. Conversion to an open procedure should be per-
formed without hesitation in the face of severe scarring 
or inability to properly retract or grasp the gallbladder. 
Another commonly employed technique is to decom-
press a distended gallbladder with needle aspiration, 
thus possibly making it easier to handle, particularly in 
cases of acute inflammation.14 Top-down approaches, 
that is, dissecting the gallbladder from the fundus down 
with retention of a small portion of the infundibulum 
and leaving the posterior wall of the gallbladder in situ 
are techniques that have been described in difficult 

situations. Summarily, if ever in doubt, conversion to 
OC is the safest option.

14.2.3 Use of Intraoperative Cholangiography

The debate regarding the routine use of intraoperative 
cholangiography (IOC) predates the laparoscopic era. 
Some authors currently still advocate cholangiography 
in all cases for delineating the anatomy and improving 
the surgeon’s laparoscopic skills.18–21 Other authors have 
argued for the selective use of this procedure.21–24 When 
used, IOC should be performed dynamically under 
fluoroscopic guidance rather than statically, and proper 
interpretation of the findings is very important.25 IOC 
aids in identification of injuries and possibly minimiz-
ing the extent of injury as well as directing the course of 
management in cases of retained common duct stones. 
Cholangiography should always be used in cases of 
uncertain or aberrant anatomy. Furthermore, rates of 
incidence of major bile duct injuries during LC without 
IOC in the scientific literature range from 0.25% to 1%, 
and of minor injuries from 0.28% to 1.7%.1,26

Recent studies have shown that the use of routine IOC 
is not necessary to prevent bile duct injuries and advo-
cated for its selective use. LC can be performed safely 
without the use of IOC and with acceptable low rates of 
biliary complications. An accurate preoperative evalua-
tion of clinical risk factors, precise operative procedures, 
and conversion to an open approach in doubtful cases are 
important measures that must be taken to prevent CBD 
injury.27 Intraoperative laparoscopic ultrasonography 
is another technique that has emerged as an alternative 
to IOC. This method requires specific equipment and 
appropriate training to become facile in its use.

14.2.4 Cholecystectomy for Patients with Cirrhosis

The morbidity and mortality rates associated with cho-
lecystectomy are higher for patients with liver disease 
than for the general population. Bleeding, both intra-
operatively and postoperatively, is a serious concern. 
Factors contributing to the tendency for bleeding among 
patients with cirrhosis include portal hypertension with 
portosystemic shunting, thrombocytopenia, and coagu-
lopathy. Historically, some authors have proposed that 
leaving the posterior wall of the gallbladder adherent 
to the liver will aid in preventing intraoperative and 
postoperative bleeding from the liver bed.28 Fulguration 
of the retained mucosa with electrocautery or an argon 
beam coagulator is advised in these instances.

LC, once considered to be contraindicated in patients 
with cirrhosis and symptomatic cholelithiasis, is cur-
rently accepted as the procedure of choice for patients 
with early or well-compensated cirrhosis, Child’s 
class A and B.29 Overall, for patients with cirrhosis, 
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preoperative optimization of liver function is impera-
tive. Only patients with symptoms clearly indicative of 
cholecystitis should undergo cholecystectomy. The sim-
plest and most expeditious procedure is recommended. 
Tube cholecystostomy, in the setting of cholecystitis, 
should be considered as an option to surgery when the 
operative risk is very high.

A recent meta-analysis of cirrhotic patients under-
going LC demonstrated that in Child’s class A and 
B patients, LC was associated with fewer postopera-
tive complications, a shorter hospital stay, and quicker 
resumption of a normal diet when compared with OC.29

14.2.5 Preoperative Administration of Antibiotics

Most patients are given a single dose of preopera-
tive antibiotics just before undergoing cholecystec-
tomy. The Surgical Care Improvement Project (SCIP), 
developed by the Centers for Medicare and Medicaid 
Services and implemented in 2006, was designed as an 
evidence-based initiative to be applied broadly across 
selected surgical services, with a stated goal of reduc-
ing morbidity and mortality rates 25% by the year 2010. 
Preoperative dosing of prophylactic antibiotics, case-
specific dosing, and withdrawal of antibiotic therapy 
within 24 h, have been added to standard practices in 
the OR. Follow-up studies have shown conflicting data, 
and the discussion on its utility in routine gallbladder 
cases is beyond the scope of this chapter.30 Studies have 
demonstrated that preoperative antibiotic use is of no 
value in low-risk elective LC procedures.31,32 For patients 
with clinical evidence of complicated biliary disease, 
such as age >65, jaundice, acute cholecystitis, choledo-
cholithiasis, cholangitis, obesity, or diabetes mellitus, 
antibiotics have demonstrated value in decreasing the 
incidence of wound and intra-abdominal infections.33

14.2.6  Recent Technical Innovations in 
Laparoscopic Cholecystectomy

A discussion about biliary surgery and complications 
will be incomplete without a brief mention of some of 
the emerging techniques and technologies that have 
been introduced over the last few years. Single-incision 
laparoscopic surgery (SILS), robotic-assisted laparo-
scopic cholecystectomy, and natural orifice translumi-
nal endoscopic surgery (NOTES) fall into this category.

14.2.6.1 Single-Incision Laparoscopic Surgery

Shortly after the introduction of LC, reports of utiliz-
ing single incision within the umbilicus for the proce-
dure began to emerge. This technique was introduced 
with hopes of decreasing the amount of postoperative 
pain and improved cosmetic appearance by avoiding 

the additional two or three ports used in traditional 
LC. Indications have been reported to be similar to LC, 
and patient selection criteria have varied widely with 
previous studies limiting the BMI to <38 with no his-
tory of previous abdominal surgeries. However, other 
studies have reported no significant contraindication to 
SILS and have left the decision to the surgeon and the 
patient. Retrospective chart reviews have demonstrated 
the noninferiority of SILS to multiport LC, but no sta-
tistically significant advantages or disadvantages have 
been reported to date.34–37 Complications reported with 
the SILS approach are similar to that of the traditional 
LC, which include injury to the bile duct and bile duct 
leaks. To date, there have been no statistically significant 
increases in complications when compared to the multi-
port laparoscopic approach.

14.2.6.2  Robotic-Assisted Laparoscopic 
Cholecystectomy

Robotic enhancements to minimally invasive proce-
dures have been introduced over the last decade, with 
the aim of further reducing postoperative pain and 
improved cosmetic appearance, particularly by utiliz-
ing a single port. A few case reports and retrospective 
reviews have shown no increase in operative complica-
tions in LC.38 It is uncertain at this point if this technol-
ogy will have a major role in LC in the future.

14.2.6.3  Natural Orifice Transluminal 
Endoscopic Surgery

This technique is at this point limited to a few centers 
in the United States and internationally. This approach 
is still considered by many as experimental and is being 
developed as a surgical approach designed to further 
limit postoperative pain and improved cosmetic appear-
ance.1,38 The transgastric and transvaginal routes are the 
common access routes utilized. Most of the literature on 
NOTES centers on case series and animal studies. It is 
at this point difficult to accurately assess and compare 
complications with traditional LC, and more informa-
tion is expected in the future.

14.3 Diagnosis of Biliary Complications

Postoperative bile leaks after cholecystectomy may 
occur from any portion of the biliary tract. The ducts 
of Luschka, which arise from the gallbladder bed, 
are occasionally a source. Leaks from these accessory 
ducts are usually self-limited and do not require surgi-
cal intervention.1 Biliary leaks may also arise from the 
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cystic duct stump, the CBD, hepatic duct lacerations or 
transections, and small bowel injury.

14.3.1 Presentation

Patients with postoperative biliary leaks exhibit a wide 
range of clinical symptoms and signs. After biliary 
leaks, the common symptoms are abdominal pain, dis-
tension, nausea, vomiting, fever, and jaundice. Other 
symptoms include prolonged ileus and failure to thrive. 
Presentation can occur in the immediate postopera-
tive period or as late as several weeks postoperatively. 
A postoperative bile leak should be considered in any 
patient who does not follow the expected postoperative 
course for routine cholecystectomy.

Physical examination may reveal jaundice, abdominal 
tenderness, or both. Tenderness may be localized to the 
right upper quadrant or generalized. Fever and other 
signs of sepsis may accompany these findings in cases 
of infected bile.

Laboratory findings may be nonspecific. Leukocytosis 
and hyperbilirubinemia may be present. There is 
not usually a consistent pattern of direct or indirect 
hyperbilirubinemia in cases of free bile leakage into 
the abdomen. Direct hyperbilirubinemia, however, 
predominates in cases of retained stones or a clipped 
common duct. Elevations in the hepatic transaminases 
alkaline phosphatase, and gamma-glutaryl transpepti-
dase may also be pertinent findings in cases of biliary 
obstruction.1,14,15

14.3.2 Diagnostic Methods

14.3.2.1 Ultrasonography

Ultrasonography (US) is a fast, inexpensive, and nonin-
vasive method of confirming suspected injuries to the 
biliary tract. Findings of intrahepatic ductal dilatation 
indicate obstruction of the distal common duct. US eas-
ily detects fluid collections. However, this procedure 
cannot characterize the fluid as a bile collection, a hema-
toma, a seroma, or a lymphocele. The effectiveness of US 
is limited by abundant bowel gas, which may accom-
pany cases of ileus. Obesity can also present technical 
difficulties. US can be used as a guide for percutaneous 
drainage of bilomas.

14.3.2.2 Computed Axial Tomography

Computed axial tomography (CT) also easily detects 
and localizes fluid collections but may be unable to accu-
rately characterize them. CT scanning should not be the 
first choice for diagnosing bile duct injuries because CT 
does not demonstrate details of the biliary tree as well 
as US does. CT can also be used for guided percutane-
ous aspiration and drainage.

14.3.2.3 Hepatobiliary Scintigraphy

Hepatobiliary scintigraphy is a safe, highly sensitive, 
and noninvasive detector of biliary leaks. Historically, 
its accuracy has reported to be between 83% and 87% 
of cases and is more sensitive and specific than CT or 
US for ongoing biliary leaks.39 When imaging is delayed 
to 90 min, the sensitivity of this diagnostic method is 
further increased. Imaging is performed with techne-
tium 99m-labeled iminodiacetic acid contrast agents. 
This procedure can be performed in cases of postop 
hyperbilirubinemia. The entry of the agent into the duo-
denum is an indication of the continuity of the biliary 
tract. Although good at detecting bile leaks, hepatobi-
liary scintigraphy cannot precisely determine the ana-
tomical location of leaks. Other diagnostic studies are 
needed to pinpoint the exact location of a leak.

14.3.2.4  Endoscopic Retrograde 
Cholangiopancreatography

Endoscopic retrograde cholangiopancreatography 
(ERCP) can be either a diagnostic or a therapeutic pro-
cedure in cases of bile duct injury. Cholangiography can 
easily pinpoint the exact location of injury to the biliary 
tree. Therapeutic maneuvers such as sphincterotomy, 
stone extraction, and biliary stent placement may be per-
formed when appropriate. ERCP can easily detect cystic 
duct leaks and lacerations to the common duct. In cases 
of transections of the biliary tree, however, ERCP may 
not allow visualization of proximal anatomy, and com-
plete delineation of the injury may not be possible. In 5% 
of cases, ERCP is associated with serious complications 
such as pancreatitis, hemorrhage, cholangitis, and intes-
tinal perforation.1

14.3.2.5 Percutaneous Transhepatic Cholangiography

Percutaneous transhepatic cholangiography (PTC) is 
an excellent method for illustrating the anatomy of the 
proximal biliary tree. A complete picture of the injury 
can often be obtained solely by using this method. 
Furthermore, temporary therapeutic procedures, such 
as placing drainage catheters and stents, can be per-
formed using this approach as a bridge before definitive 
repair. PTC allows adequate decompression of the bile 
ducts. Catheters placed by PTC can serve as guides dur-
ing operative dissection for definitive repair procedures.

14.3.2.6  Magnetic Resonance 
Cholangiopancreatography

Magnetic resonance cholangiopancreatography (MRCP) 
has played an increasingly important role in the diagno-
sis of gallbladder disease in recent years. Utilization of 
MRCP has been shown to reduce the indications for and 
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the frequency of use of ERCP. It has consistently dem-
onstrated high sensitivity, specificity, and accuracy in 
detecting common duct stones, and it allows visualiza-
tion of the proximal and distal anatomy of the bile duct. 
Because MRCP is noninvasive, it has a unique advan-
tage over ERCP and PTC. MRCP has also been used to 
diagnose postoperative biliary leaks. The limitations 
of using magnetic resonance technology may however 
limit its use in certain situations.

14.4 Management of Specific Complications

14.4.1 Leaks from the Stump of the Cystic Duct

Cystic duct leaks generally occur after inadequate lig-
ature of the cystic duct or slippage of clips, although 
they can also be caused by retained stones. Another 
cause of such leaks is injury to the cystic duct distal 
to the clips or ligature applied during cholecystec-
tomy. Accumulation of free bile from this source usu-
ally occurs in the subhepatic space. Depending on the 
severity, the rate of the leak, and the length of time 
before it is detected, bile may spread freely through-
out the peritoneal cavity or may be loculated. The 
symptoms of cystic duct leaks include abdominal 
pain, fever, and jaundice.

The definitive diagnosis is typically made by either 
ERCP or PTC. Treatment involves reducing the pres-
sure on the proximal duct by placing an endoscopic 
stent in the common duct through the ampulla of Vater. 
Equalization of pressures in the biliary tree and the 
duodenum by stent placement is believed to be suffi-
cient to allow the healing of these minor leaks. These 
stents typically remain in place for 6–8 weeks; surgical 
intervention is rarely necessary. The type of stent used 
(long, short, or nasobiliary) does not appear to influence 
the outcome. Cystic duct leaks can be managed with 
or without sphincterotomy, but sphincterotomy alone 
without stent placement can result in prolonged bile 
leakage and delayed healing. Any residual stone can be 
extracted when ERCP is performed.

14.4.2 Injuries to the Common Bile Duct

14.4.2.1 Bile Duct Injury Classification

14.4.2.1.1 Bismuth–Corlette Classification

The Bismuth–Corlette classification scheme was intro-
duced before LC. It is difficult to apply in LC as most 
of the technical factors and lesion mechanisms are dif-
ferent from open surgery. It considers the complete sec-
tion of the CBD and the length of the proximal bile duct 
stump. Type I is a low injury with a stump length >2 cm. 

Type II is a middle-level injury with a stump length 
<2 cm. Type III is a high-level injury without CHD avail-
able but preserved confluence. Type IV involves loss of 
hepatic confluence with no communication between 
right and left ducts.

14.4.2.1.2 Stewart–Way Classification

In this classification, there are four groups based on the 
mechanism and anatomy of injury:

 1. Class I refers to the incomplete section of bile 
duct with no loss of tissue. It has a prevalence 
rate of 7% (among bile duct injuries).

 2. Class II is a lateral injury of the CHD that leads 
to stenosis or bile leak. It is the consequence of 
thermal damage and clamping the duct with 
surgical staples. It has a prevalence of 2% with 
a concomitant hepatic artery injury in 18% 
of cases. T-tube related injuries are included 
within this class.

 3. Class III injuries are the most common seen 
(61% of cases) and represent the complete sec-
tion of the CHD. It is subdivided into type IIIa, 
remnant CHD; type IIIb, section at the conflu-
ence; type IIIc, loss of confluence; and type IIId, 
injuries higher than confluence with the section 
of secondary bile ducts. A concomitant injury of 
right hepatic artery occurs in 27% of cases.

 4. Class IV describes the right (68%) and acces-
sory right (28%) hepatic duct injuries with 
concomitant injury of the right hepatic artery 
(60%). Occasionally it includes the CHD injury 
at the confluence (4%) besides the acces-
sory right hepatic duct lesion. Class IV has a 
prevalence of 10%.

14.4.2.1.3 Strasberg Classification

This classification divides injury into five groups, A–E.

 1. Class A represents a bile leak from the cystic 
duct or an accessory duct. In both conditions, 
there is continuity with the CBD.

 2. Class B is the section of an accessory duct with 
no continuity with the CBD.

 3. Class C represents a leak from a bile duct with 
no continuity with the CBD.

 4. Class D is a partial section of a bile duct with no 
complete loss of continuity with the rest of the 
bile duct system.

 5. Class E is a complete section of the bile duct 
with subtypes according to the length of the 
stump. It also includes the loss of confluence 
and injury to accessory ducts.
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The Hannover classification is another classification 
scheme not as common as the one mentioned earlier 
and not as frequently utilized.

The classic injury associated with LC is caused by 
misidentification of the common duct as the cystic duct 
followed by resection of parts of the common bile and 
hepatic ducts. These injuries are detected during the 
original procedure in 50% of cases, although they may be 
detected as late as postoperative day 9. Although the pre-
cise location of the leak can be determined by either PTC 
or ERCP, PTC has the distinct advantage of revealing the 
intrahepatic system and the bifurcation of the hepatic 
ducts. When the common duct has been transected, the 
procedure of choice for repair is hepaticojejunostomy.39 
Primary anastomosis and repair of common duct injuries 
over a T-tube are associated with a high failure rate and 
are not recommended for the repair of biliary injuries.

Stewart and Way40 reported that several factors are 
associated with the successful repair of common duct 
injuries after biliary surgery. These factors are preopera-
tive cholangiography, the choice of surgical repair, the 
details of the surgical repair, and the experience of the 
surgeon performing the repair. These authors demon-
strated that 96% of repair procedures for bile duct injury 
were unsuccessful without preoperative cholangiogra-
phy. When complete cholangiography was performed 
preoperatively, 84% of the initial repair procedures 
were successful. Primary end-to-end anastomosis led to 
unsuccessful outcomes in all cases, whereas Roux-en-Y 
hepaticojejunostomy led to success in 63% of cases. The 
success rate was 94% if the first repair was performed by 
a tertiary care biliary surgeon, but only 17% if the initial 
repair was performed by the primary surgeon.

The timing of the repair appears to be crucial. If the 
injury is detected during the original cholecystectomy, 
the repair should be performed at that time, provided 
that the primary surgeon’s expertise and experience are 
sufficient for tackling the problem. For injuries that are 
not detected until the postoperative period, operative 
repair can be delayed for days to weeks to allow abate-
ment of inflammation and infection. If a bile leak per-
sists, repair can be postponed for 4–6 weeks, provided 
that adequate drainage has been obtained. Percutaneous 
transhepatic catheters may be adequate for controlling 
an ongoing leak, but separate percutaneous catheters 
may be necessary for draining bile collections. Some 
surgeons routinely perform the hepaticojejunostomy 
repair over a stent. This externalized stent is used for 
postoperative studies and also for the measurement of 
biliary pressures. These stents are maintained postop-
eratively for variable lengths of time. One advantage of 
these stents is that they allow access to the anastomosis 
for radiological intervention in the event of stricture for-
mation. Other surgeons remove the stents shortly after 
the repair has been performed or do not use them at all.

Anastomosis of the small intestine to the CBD, when 
it is present (choledochojejunostomy), yields poorer 
results than anastomosis of the intestine to the CHD 
(hepaticojejunostomy). Initial repair of proximal injury 
is even more successful, probably because the bile duct 
closer to the bifurcation has a better blood supply. Long-
term results after serious bile duct injury are good when 
the injury is appropriately managed. The results of 
repair after laparoscopic injury compare favorably with 
the results of repair after open injuries if the surgeon 
has sufficient experience. Five-year success rates of more 
than 90% have been reported.

A recent study performed at a tertiary center revealed 
improving results over time. All patients with clinically 
significant injuries requiring repair were treated with 
a hepaticojejunostomy. A decrease in using transanas-
tomotic stents was observed. Operative mortality, post-
operative cholangitis, anastomosis strictures, short- and 
long-term complications, and need for reoperation (sur-
gical or radiological) were significantly less in the more 
recent period. The authors concluded that transition to a 
high-volume center has improved long-term results for 
bile duct injury repair.39

14.4.3 Biliary Strictures

Strictures arising from biliary surgery typically mani-
fest themselves months to years after the initial pro-
cedure. Most benign biliary strictures occur after 
cholecystectomy. The patient generally experiences an 
insidious onset of jaundice that is usually complicated 
by cholangitis. The definitive diagnosis of biliary stric-
ture is made by cholangiography, which can be achieved 
under the guidance of ERCP, PTC, or MRCP. Benign bili-
ary strictures should be managed operatively. Surgery 
is the gold standard against which all other methods are 
measured. The area of stricture is resected and recon-
structed with a Roux-en-Y hepaticojejunostomy.39,41

Historically some surgeons have repaired benign 
biliary strictures by using endoscopic dilatational tech-
niques. The use of dilation and stent placement is not 
recommended as the first line of definitive management 
of benign strictures. Expandable metallic stents have 
been used to treat benign biliary strictures, but they 
should be considered only when the patient is a poor 
candidate for surgery, when intrahepatic biliary stric-
tures have occurred or when attempts at surgical repair 
have failed. Most patients treated with metallic stents 
will experience recurrent cholangitis or stent obstruc-
tion and will require repeated intervention.

14.4.4 Retained Common Duct Stones

Gallstones can be dislodged into the common duct 
in the course of dissection during cholecystectomy. 
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Smaller stones will pass through uneventfully into the 
duodenum. Larger stones, however, can be retained and 
can cause complications.

Common duct stones will be missed in approximately 
1%–2% of cases after cholecystectomy. Most of these 
stones will be asymptomatic. Retained common duct 
stones can cause biliary stasis, which enhances bacterial 
replication and can result in postoperative cholangitis.

Patients with suspected retained stones should be 
treated with broad-spectrum antibiotics for the prophy-
laxis or treatment of cholangitis. US may demonstrate 
dilated proximal bile ducts. ERCP is a definitive diag-
nostic method in this setting. When ERCP is combined 
with sphincterotomy and stone extraction, successful 
CBD clearance can be achieved in 95% of cases.1 Failure 
of ERCP to achieve stone clearance is an indication for 
common duct exploration.

14.4.5 Pancreatitis

Pancreatitis can occur as a complication of many 
abdominal procedures. Biliary surgery particularly 
tends to precipitate this complication. Pancreatitis may 
occur after the passage of common duct stones origi-
nating from the gallbladder. Pancreatitis can also result 
from direct instrumentation with probes, catheters, cho-
ledoscopes, and other instruments used for CBDE. The 
postoperative incidence of pancreatitis for OC and LC 
was found to be 0.96% and 0.34%, respectively.42

The treatment of postoperative pancreatitis involves 
bowel rest, fluid resuscitation, and nutritional support as 
indicated. Pancreatitis can be complicated by the devel-
opment of pancreatic abscesses, pseudocysts, or pancre-
atic ascites. Antibiotics are used only for severe cases 
and for cases of documented infectious complications.

14.4.6 Infectious Complications

Surgical site infection rates after LC and OC have been 
reported to be 1.0% and 4.4%, respectively. Biliary micro-
organisms, most frequently Escherichia coli, are usually 
responsible for wound infection. Wound infection rates are 
higher after bouts of acute cholecystitis and cholangitis.33

Retained common duct stones may lead to cholangitis. 
Postoperative bile collections may also become infected.

14.5 Biliary Trauma

14.5.1 Introduction

In general, iatrogenic injuries to the biliary tree occur 
more frequently than injuries that result from blunt 
or penetrating trauma. Moreover, only approximately 

3%–5% of victims of abdominal trauma sustain inju-
ries to the biliary tract.43 Most traumatic injuries to the 
biliary system are the result of penetrating trauma and 
occur in association with more severe injuries to other 
organs. Most traumatic injuries to the biliary system 
involve the gallbladder.

14.5.2 Presentation and Diagnosis

The diagnosis of biliary system injury is most frequently 
made intraoperatively. Such injuries are usually found 
in conjunction with other injuries, most often hepatic, 
major vascular, duodenal, and splenic injuries. Accurate 
preoperative diagnosis of traumatic biliary injuries is 
difficult. Bile leakage may occasionally elicit clinical 
signs of bile peritonitis. The presence of bile-stained 
fluid in the effluent from diagnostic peritoneal lavage 
may indicate liver or small bowel injury; this finding is 
not specific for injury to the bile ducts or gallbladder.

Abdominal CT scanning and US are not often use-
ful in detecting isolated biliary tract injuries. Neither 
of these imaging methods can distinguish biliary col-
lections from the collections of blood or other fluids. 
Radionuclide scanning may be useful for confirming the 
suspicion of a disruption in the biliary tree. ERCP is also 
a method of diagnosing biliary tract lacerations with 
subsequent leakage. The usefulness of these two diag-
nostic studies is limited, however, because they cannot 
be performed on trauma patients in unstable condition.

Gallbladder injuries range from simple disruptions 
(laceration) to avulsions, contusions, or hemobilia. Bile 
duct injuries can be simple lacerations or more complex 
injuries involving transections of more than 50% of the 
lumen of the duct.

14.5.3 Management

Treatment of traumatic injury to the biliary system fol-
lows the same principles as management of injuries pro-
duced by iatrogenic mishaps. In the operating room, all 
immediately life-threatening injuries, such as liver and 
vascular lesions, should be addressed first. Abbreviated 
laparotomies without the definitive repair of biliary inju-
ries may be necessary to achieve correction of acidosis, 
coagulopathy, and hypothermia. Thorough external 
drainage of extravasated bile is necessary. Definitive 
repair of injuries can be undertaken if the patient is stable.

Gallbladder injuries are treated by simple cholecys-
tectomy. Ductal injuries are approached as addressed 
previously. IOC should be used liberally when the sur-
geon is uncertain about the presence or extent of injury. 
Patients may require Roux-en-Y hepaticojejunostomy. 
As is true for elective procedures, emergent procedures 
involving primary duct-to-duct anastomosis over a 
T-tube do not yield very good long-term results.43
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14.6 Summary

Biliary tract surgery and its associated complications can 
present difficult challenges in management. Important 
points for surgeons are attention to detail during com-
mon gallbladder procedures, discretion during dif-
ficult dissections, prompt conversion of laparoscopic 
procedures to open procedures when indicated, and 
early identification and prompt management of com-
plications. Referral to tertiary care centers for definitive 
repair must also continually be a consideration for the 
management of complicated bile duct injuries and bile 
duct strictures.

The minimally invasive era has added a new dimen-
sion to the treatment of biliary disease. Recent data are 
consistent with a plateau in the incidence of bile duct 
injuries. Thus, efforts to prevent and quickly diagnose 
bile duct injuries continue to be of vast importance. 
Continued addition of new techniques and patient man-
agement options is found through a multidisciplinary 
approach.

Complications of Biliary Surgery and Trauma

Complications Incidence References

Bile duct injury 0%–3% (LC)
0%–0.2% (OC)

[1,2,17,27,41]

Bile leak 0%–0.1% [1]
Bleeding 0.1%–0.5% [1,44]
Peritonitis 0.2% [1]
Intra-abdominal abscess 0.1% [1]
Bowel injuries 0.16% [1,44]
Surgical wound infection 4.4% (OC), 1.1% (LC) [1,33]
Biliary strictures Found in setting of 

bile duct injury
[3,45]

Retained common duct 
stones

1%–2% [1]

Pancreatitis 1.0% (OC)
0.34% (LC)

[1,42]

Mortality 0%–0.3% [1]

Avoiding Biliary Complications

Complications Methods of Avoidance Comments References

Bile duct 
injury

Systematic approach to 
identifying major 
anatomical landmarks

Conversion to open 
when necessary

Intraoperative 
cholangiogram

Obtain the 
“critical 
view of 
safety”

[13–15]

Bile leak Attention to applying 
clips to the cystic duct

Meticulous dissection 
of gallbladder off the 
liver bed

[1,14,15,44]

Complications Methods of Avoidance Comments References

Bleeding Attention to trocar 
placement

Meticulous dissection 
of the gallbladder

[1,14,15,44]

Peritonitis Avoidance of bile 
spillage

[1]

Intra-
abdominal 
abscess

Avoid spillage of bile
Appropriate use of 
antibiotics

[1,33]

Bowel injuries Attention to insertion 
of trocar

Attention to location of 
instruments

[1,44]

Surgical 
wound 
infection

Appropriate use of 
antibiotics

Appropriate glycemic 
control in diabetic 
patients

[33]

Biliary 
strictures

Avoid bile duct injuries [3,45]

Retained 
common duct 
stones

Preoperative imaging, 
i.e., MRCP or ERCP, 
when clinically 
indicated

Intraoperative 
cholangiogram when 
indicated

[1,13,14]

Pancreatitis Limit instrumentation 
of the bile duct

[1,14,15,42]

Mortality Attention to pre- and 
postoperative 
resuscitation

Appropriate use of 
antibiotics
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Intestinal surgery, like all other operations, comes with the 
risk of perioperative complications. Some of these issues 
such as mild postoperative fever, ileus, and incisional pain 
are expected, while deviation from the expected course could 
represent the need for early physician action to improve out-
comes. In small bowel surgery, meticulous surgical meth-
ods with complete removal of nonviable tissue, attention to 

detail in recognizing bowel injuries, and adequate drainage of 
infected tissues clearly improve outcomes.

The safety of colorectal surgery has improved tremendously 
over the last 50 years with the availability of new antibiotics, 
detailed preoperative preparation of the patient, improvements 
in surgical techniques, and postoperative critical care man-
agement. The morbidity associated with elective colorectal 
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surgery has decreased significantly. Age, obesity, diabetes, 
and cardiopulmonary disorders increase postoperative mor-
bidity and mortality. Emergency colorectal surgery continues 
to be associated with a considerable morbidity and mortality 
due to the nature of the disease combined with limited time for 
preoperative preparation.

15.1 Complications of Small Bowel Surgery

15.1.1 Postoperative Ileus and Pain

Violation of the peritoneum causes a cascade of physi-
ologic events, some of which result in inhibition of 
gastrointestinal function. Physical manipulation of the 
viscera further impairs gut motility through splanchnic 
sympathetic reflex inhibition as well as through stimu-
lation of local inflammatory mediators.1 Bowel motility 
commonly seen at laparotomy may not represent effec-
tive, coordinated peristalsis. Depending on the site and 
degree of visceral manipulation, the underlying disease 
process, and patient characteristics, paralytic ileus may 
last from hours to days. Postoperative ileus is further 
exacerbated by the use of opioids for analgesia.

Traditionally, postoperative ileus has been treated with 
bowel rest, nasogastric suction, and early mobilization. 
Despite what we commonly tell our patients, early mobi-
lization does not appear to hasten recovery from ileus; 
more likely, it is a marker for adequate postoperative pain 
control, which may decrease other postoperative compli-
cations. Nasogastric suction and early enteral feeding 
have been studied, with small, but statistically significant 
improvements in resolution of postoperative ileus asso-
ciated with early resumption of enteral nutrition.2 The 
use of regional analgesic agents has also been shown to 
decrease the duration of postoperative ileus.3 The use 
of minimally invasive versus open surgical techniques 
appears to decrease the duration of postoperative ileus.4

To date, none of these studies have involved patients 
undergoing extensive small intestinal surgery. Patients 
undergoing extensive small bowel manipulation are at 
greatest risk for having prolonged postoperative ileus. 
Prolonged paralytic ileus in these patients may rightfully 
be considered an expected consequence of disease. 
Conversely, prolonged ileus in a patient who has under-
gone an elective colorectal procedure or gynecologic pro-
cedure may be considered a surgical complication, and 
appropriate perioperative care can decrease its duration.

15.1.2  Postoperative Obstruction and 
Adhesion Formation

Prolonged postoperative ileus may be difficult to distin-
guish from partial mechanical small bowel obstruction 

(SBO), and both may be present to a degree in patients 
who have undergone extensive intestinal surgery. 
Patients who have undergone gynecologic or colorectal 
procedures are at higher risk for development of SBO 
in the postoperative period. Postoperative partial SBO 
usually resolves with nasogastric suction, parenteral 
fluid, and nutritional support.

Peritoneal adhesions are the most common cause 
(>90%) of postoperative mechanical obstructions.5 
Adhesion formation is a generalized response to tis-
sue injury. As such, adhesion formation is essentially 
universal, and has been considered an unavoidable 
consequence of laparotomy. However, there is clearly 
individual variation in the amount, severity, and dura-
tion of peritoneal adhesions found on reoperation. Some 
of the factors that contribute to adhesion formation may 
be preventable.

Means of prevention of peritoneal adhesions have 
traditionally been the same as those ascribed to reduce 
the likelihood of postoperative ileus, measures designed 
to minimize inflammatory peritoneal reaction to lapa-
rotomy: gentle tissue handling, meticulous hemosta-
sis, avoidance of contamination with enteric contents, 
avoidance of tissue dessication, minimization of expo-
sure to foreign bodies, for example, washing powder 
from surgical gloves prior to peritoneal exposure, etc. 
In theory, strict attention to surgical technique should 
minimize preventable causes of adhesion formation; 
however, no means of reducing peritoneal adhesions 
have been reproduced and verified; therefore, adhe-
sion formation is still seen as an unavoidable sequela of 
abdominal surgery.6

15.2  Complications in Specific 
Intestinal Operations

15.2.1 Lysis of Adhesions

Inadvertent bowel injury is the most common complica-
tion of adhesiolysis. The bowel is most commonly injured 
upon initial entry into the peritoneal cavity, when rec-
ognition of bowel densely adherent to a previous lapa-
rotomy incision is most difficult. Inadvertent enterotomy 
with spillage of enteric contents is associated with sig-
nificantly increased morbidity, increased likelihood for 
wound and intra-abdominal infection, increased likeli-
hood of further postoperative adhesions, increased dura-
tion of postoperative ileus, increased likelihood of ICU 
admission, and increased hospital stay. Full thickness 
bowel injuries should be immediately repaired with care 
taken to minimize contamination. There are no defini-
tive data regarding the necessity to repair deserosalized 
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bowel, but a missed enterotomy is a potentially cata-
strophic injury. Both small and large bowel should be 
meticulously examined following any extensive adhe-
siolysis to identify potential missed injuries.

15.2.2 Bowel Resection and Repair

Bowel resection is performed to remove nonviable or 
severely diseased bowel. This seemingly simple objec-
tive may require considerable surgical judgment to 
execute properly. We can divide the surgical decision-
making process into three phases: (1) diagnosis, or 
identification and quantification of the severity of dis-
eased bowel; (2) debridement, or resection, drainage, 
and lavage; and (3) reconstruction, or anastomosis and/
or diversion. Each step is accompanied by potential 
complications.

15.2.3 Inadequate or Excessive Resection

Inadequate resection represents a failure of diagnosis. 
In the setting of bowel infarction, residual nonviable 
bowel will result in unrelenting abdominal sepsis in the 
postoperative period, further complicating a typically 
complex clinical picture. Evidence of ongoing inflam-
matory response following bowel resection may be a 
marker of inadequate resection. Intraoperatively, seg-
ments of questionable bowel may be evaluated using 
a Wood’s lamp and intravenous fluorescein adminis-
tration. A staged laparotomy, with initial exploration 
and resection followed by aggressive fluid resuscitation 
and medical optimization, and then a planned “second 
look” laparotomy, may also allow for preservation of 
additional viable intestine. In the setting of inflamma-
tory or neoplastic disease, adequate resection requires 
removal of all disease, with gross or histologic identi-
fication of healthy, nondiseased margins of intestine 
available for anastomosis.

Crohn’s disease may pose a difficult clinical dilemma, 
with the need for resection potentially outweighed 
by the need to preserve intestinal length, anticipating 
future progression of disease. A variety of surgical tech-
niques have been described to preserve intestinal length 
in patients with Crohn’s disease.

Excessive intestinal resection may cause a spectrum of 
disease, from clinically inconsequential removal of non-
diseased bowel to diarrhea to debilitating, even lethal, 
short bowel syndrome. Loss of the ileocecal valve and 
the terminal ileum is particularly debilitating. Patients 
with loss of over 100 cm of terminal ileum may develop 
macrocytic anemia from inadequate B12 absorption, 
and diarrhea from impaired enterohepatic recycling of 
bile salts.

Short bowel syndrome may be unavoidable. It is most 
commonly the result of emergency resection of a large 

length of nonviable intestine secondary to mesenteric 
occlusion or midgut volvulus; it is also seen in patients 
with Crohn’s disease who have had multiple enterec-
tomies, and infants following extensive resections for 
enterocolitis or intestinal atresia. Loss of 80% of intes-
tinal length results in short bowel syndrome that can-
not be improved with intestinal adaptation. Short bowel 
syndrome is caused by a length of remnant viable bowel 
that is not compatible with adequate enteral nutrition, 
resulting in malabsorption of nutrients, vitamins, and 
water. Current therapy is directed first at managing 
the early fluid and electrolyte abnormalities and main-
taining adequate nutritional support, and then later, 
attempting to optimize intestinal adaptation through 
the use of enteral nutrition and gut trophic agents. 
Surgical techniques range from intestinal lengthening 
techniques to small bowel transplantation.7,8

15.2.4 Debridement

Adequate debridement involves removal of nonviable 
tissue, drainage of areas of questionable viability, and 
removal and avoidance of further gross contamination. 
Areas of perforation should be quickly closed to prevent 
ongoing contamination. Spillage during bowel resec-
tion can be minimized by placing intestinal clamps 
proximal and distal to the segment prior to resection. 
The abdomen and surgical wound should be protected 
during bowel resection and anastomosis by draping 
with moist laparotomy pads or towels. Peritoneal irriga-
tion should be used to remove gross contamination and 
particulate matter.

15.2.5 Reconstruction

Complications following primary small bowel anasto-
mosis are usually the consequences of technical error. 
Obstruction at the anastomotic site may be the result of 
incorporation of too much tissue in a handsewn anasto-
mosis, transient edema, hematoma, or improper suture 
placement stenosing a bowel segment. Meticulous atten-
tion to technique is necessary to avoid these potential 
errors. There has been no difference in complication rate 
between handsewn and stapled anastomoses demon-
strated in the literature for elective bowel resection.9

Bleeding at the anastomosis site is usually self-limited, 
and resolves without the need for reoperation. Significant 
hemorrhage may be associated with a preexistent bleed-
ing diathesis, or iatrogenic over-anticoagulation.

Leak is a common serious surgical complication fol-
lowing intestinal anastomosis. Ischemia at the anas-
tomosis site may be caused by ligation of the blood 
supply too close to the bowel end, by accidental ligation 
of mesenteric vessels, or by rotation of the ends of the 
bowel limbs causing arterial or venous insufficiency.10 
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Anastomotic leak, as mentioned earlier, may also be 
the result of inadequate resection of diseased bowel. 
Patients’ characteristics also influence risk of leak.11 
Clinical manifestations of anastomotic leak are variable, 
ranging from florid postoperative sepsis to asymptom-
atic leakage, apparent only radiographically. Given the 
variable presentation, and variable severity of anas-
tomotic leak, there is little data regarding ideal man-
agement. If the leak is small, it may result in localized 
phlegmon or abscess formation that may be amenable 
to diagnosis with computerized tomography (CT) of the 
abdomen and nonoperative treatment with systemic 
antibiotics and percutaneous drainage if necessary. 
Larger leaks may require reoperation.

Nonoperative management of an anastomotic leak 
may result in fistula formation. Enterocutaneous fistu-
lae may also be caused by incorporating intestine into 
the suture used to close the abdominal wall, or unrec-
ognized injury. A fistulogram and/or CT scan may 
determine the site of defect and detect any associated 
abscess. Most fistulas close without surgical interven-
tion, especially if daily output is <500 mL. The initial 
management is bowel rest with parenteral nutritional 
support, management of fluid and electrolyte losses, 
and skin protection. The benefit of octreotide is contro-
versial.12 Enteral nutrition may be resumed if it does not 
cause worsening of the fistula output. Fistulas with a 
distal obstruction, very short tracts, complete epitheli-
alization of the tract, presence of a foreign body, cancer, 
or inflammatory bowel disease may not heal without 
surgical intervention.

15.3  Complications of Intestinal 
Surgery in Trauma

The principles for intestinal surgery for trauma are the 
same as for elective surgery, with the additional need 
for the immediate control of hemorrhage. Upon obtain-
ing adequate hemostasis, rapid identification of injuries 
is carried out by “running” the small bowel from the 
ligament of Treitz to the ileocecal valve. Temporary 
control of contamination may be obtained using bowel 
clamps placed proximal and distal to the site of injury, 
or Allis clamps placed on multiple enterotomies, prior 
to definitive repair or resection. With control of ongo-
ing contamination, gross enteric contents and fecal 
contamination may be lavaged from the peritoneal cav-
ity, and the bowel may be carefully inspected for areas 
of injury or questionable viability. In severely injured 
patients requiring staged or “damage control” laparot-
omies, definitive intestinal reconstruction may await 
second or even third look laparotomies. Patients with 

injuries involving mesenteric vessels may also require 
re-exploration to evaluate the extent of associated isch-
emic injury to the bowel.

There are some data that suggest that handsewn anas-
tomoses are superior to stapled anastomoses in trauma 
patients.13

Missed small bowel injury following blunt abdominal 
trauma is potentially an increasingly frequent compli-
cation, especially with the widespread use of CT and 
ultrasonography for the evaluation of trauma, com-
bined with the increasing frequency of nonoperative 
management of intra-abdominal injuries. The finding 
of free intraperitoneal fluid in the hemodynamically 
normal patient following blunt abdominal trauma may 
be indicative of a small bowel injury. This may be espe-
cially confounding when associated with small liver or 
spleen lacerations; therefore, close monitoring and serial 
abdominal exams will help in the prevention of a delay 
in diagnoses.

15.4 Complications of Appendectomy

Complications of appendicitis may be categorized into 
preoperative, intraoperative, or postoperative.

15.4.1 Preoperative Complications: Misdiagnosis

Errors in diagnosis result in either a “false-positive” 
(unnecessary) appendectomy, or a “false-negative,” or 
missed (perforated or gangrenous) case of appendi-
citis. Traditionally, surgeons have accepted a certain 
number of “negative” appendectomies as not only 
inevitable, but even desirable, as an indicator of suffi-
cient clinical suspicion in light of the increased morbid-
ity associated with a false-negative diagnosis of acute 
appendicitis. The number of acceptable normal appen-
dices removed has traditionally been between 10% and 
25%, with higher or lower rates depending upon patient 
demographics.14 There are some data that suggest the 
use of CT or a variety of nuclear medicine studies may 
improve diagnostic accuracy.15

15.4.2  Intraoperative Complications: 
Complicated Appendicitis

Data suggest that the majority of cases of complicated 
appendicitis are due not to physicians’ delay to surgery, 
but rather to patients’ delayed presentation.16 Patients 
with a phlegmon or abscess diagnosed prior to surgery 
are often initially treated with a trial of nonoperative 
management with antibiotics, with eventual interval 
appendectomy. This approach may yield complication 
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rates less than primary appendectomy in the setting 
of a necrotic appendiceal stump or cecum, which is 
associated with an increased risk of fecal fistula for-
mation. The necessity for interval appendectomy is 
controversial; some authors advocate simple observa-
tion without surgery, following nonoperative manage-
ment of perforated appendicitis.17,18 However, studies 
examining cases of acute appendicitis treated with 
antibiotics alone did identify a high rate of recurrent 
appendicitis.19

Surgeons confronting advanced, complicated appen-
dicitis in the operating room must balance the security 
of the appendiceal stump and the viability of adjacent 
inflamed cecum with the morbidity associated with 
resection of additional large and small bowel to obtain 
viable margins. Typically this occurs in patients who 
have presented late in the course of neglected disease, or 
who have failed nonoperative management. Adequate 
debridement and drainage notwithstanding, the devel-
opment of fecal fistula and/or intra-abdominal abscess 
in these patients with severe advanced disease may be 
unavoidable, even anticipated, complications. There 
are some data suggesting that laparoscopic appen-
dectomy may be associated with fewer postoperative 
complications.20

15.4.3 Postoperative Complications: Infection

Wound infection and intra-abdominal infection are the 
most common morbidities following appendectomy. 
Gangrenous appendicitis and perforation appear to be 
important independent risk factors for the development 
of intra-abdominal abscess following appendectomy.21 
Whether laparoscopic (vs. open) appendectomy increases 
the risk for intra-abdominal abscess is controversial.22

Regardless of the method of appendectomy, wounds 
at high risk of becoming infected should be left open. 
Primary closure of dirty wounds has been associated 
with a significantly increased incidence of wound infec-
tion as compared to delayed primary or nonclosure of 
abdominal wounds.23

15.5 Complications of Colorectal Surgery

15.5.1 Infection

Infection is the most common postoperative complica-
tion following colorectal surgery. Postoperative infection 
can range from a minor wound infection to septicemia 
with shock and organ failure. The determining fac-
tors are age, associated disorders such as diabetes, and 
duration and degree of contamination.24 The incidence 
of postoperative sepsis can be minimized with good 

bowel preparation, proper use of antibiotics, meticulous 
surgical technique, and good judgment.

Wound infections are more common after emergency 
colorectal surgery as compared to elective cases, and 
an infection rate as high as 50% has been reported.25 
Wounds at high risk of becoming infected should be 
left open, with the possibility of delayed primary clo-
sure available as an option on postoperative days 4–6. 
If a wound that has been closed shows evidence of 
erythema, tenderness or drainage, the wound should 
be opened and packed with saline-soaked gauze. In 
the presence of diffuse erythema around the wound, 
treatment with a parenteral antibiotic effective against 
streptococci is justified. Necrotizing soft tissue infec-
tions are uncommon but extremely morbid, and must 
be recognized and treated promptly. Possible symptoms 
are erythema, edema, severe incisional pain, and crepi-
tus. If a necrotizing soft tissue infection is suspected, 
the patient requires prompt opening of the incision, sur-
gical debridement, and treatment with broad-spectrum 
parenteral antibiotics.

Mechanical bowel preparations, which are usually not 
possible prior to emergency colorectal surgery, decrease 
the fecal mass and may decrease the incidence of wound 
infections. Usually, there is no time prior to emergency 
colorectal cases to administer oral antibiotics. However, 
the effectiveness of oral antibiotics in reducing the risk 
of wound infections has been demonstrated in multiple 
studies.26 Studies have failed to demonstrate the effec-
tiveness of plastic wound drapes in preventing wound 
infections.27

In patients who demonstrate systemic signs of infec-
tion with no evidence of wound infection, an intra-
abdominal infection should be suspected. CT scan has 
the greatest sensitivity in detecting an intra-abdominal 
abscess, with sensitivity reported in excess of 90% by 
several authors.28

CT or less commonly ultrasound-guided percuta-
neous drainage is often used to drain postoperative 
abscesses. Clinical signs of sepsis should improve 
within 48 h of drainage. If they do not, repeat CT scan 
with possible manipulation or reinsertion of drains 
should be performed. If percutaneous drainage fails to 
fully drain the intra-abdominal abscess, surgical drain-
age of the abscess may be necessary.29 The presence of 
an intra-abdominal abscess also mandates the use of 
parenteral antibiotics.

15.5.2 Anastomotic Leak

Postoperative intra-abdominal infection may be the 
result of anastomotic leak. Colonic anastomoses pose a 
greater risk of leak than small intestinal anastomoses. 
Anastomoses below the peritoneal reflection are at a 
significantly higher risk of leakage. Other risk factors 



156 Complications in Surgery and Trauma

© 2008 Taylor & Francis Group, LLC

involved in the development of an anastomotic leak 
include: local tissue ischemia, edema, tension, general-
ized ischemia (shock), sepsis, malnutrition, steroid ther-
apy, previous irradiation, inflammatory bowel disease, 
inadequate bowel preparation, and obstruction distal 
to the anastomosis. When an anastomotic leak is sus-
pected, an abdominal CT using intravenous, p.o., and 
rectal contrast should be performed.

Management of an anastomotic leak depends on the 
degree and location of leakage and the patient’s clinical 
condition. The main priority in management is control 
of ongoing contamination. An asymptomatic leak dem-
onstrated only on routine radiographic surveillance typ-
ically requires no surgical intervention. These patients 
may be managed with broad-spectrum parenteral anti-
biotics and bowel rest. Patients with clinical evidence of 
anastomotic leak may present along a spectrum ranging 
from mild “failure to thrive” to septic shock. Lack of 
clinical improvement with nonoperative management or 
peritonitis requires surgery to obtain adequate debride-
ment, drainage, and diversion of the fecal stream.

15.5.3 Colocutaneous Fistula

A colocutaneous fistula is usually the late manifestation 
of an unrecognized anastomotic leak or injury to the 
bowel. Colonic fistulae are more likely to be low-output 
than small bowel fistulae, and are more likely to close 
without the need for operative intervention. Fistulae are 
managed as described earlier.

15.5.4 Injuries to Adjacent Organs

Vital structures that can be injured during colorectal 
surgery include the spleen, ureters, bladder, kidneys, 
duodenum, gallbladder, pancreas, stomach, ovaries and 
fallopian tubes, and the iliac and superior mesenteric 
vessels.

The reported incidence of operative ureteral injury 
varies from 1.5% to 12%.30 It is the most common intra-
operative urological complication. The ureters are most 
vulnerable to injury at the pelvic brim and at the site of 
insertion into the bladder. When injury to the ureters 
occurs, treatment depends on the severity of the injury 
and the site of injury along the course of the ureter. 
The different types of ureteral injury include devas-
cularization, crush injury, transaction, and avulsion. 
Intraoperatively, the diagnosis of ureteral injury can 
be made by intravenous injection of methylene blue or 
intravenous pyelography. Postoperatively, the diagnosis 
is made by intravenous pyelography. The procedure of 
choice for lower-third injuries is a ureteroneocystos-
tomy. The preferred technique for mid-ureteral repair is 
a ureteroureterostomy. Proximal-third injuries are the 
most challenging and sometimes require replacement 

with ileum. If ureteral injury is undetected, uncon-
trolled urinary leakage may lead to the development of 
sepsis and/or cutaneous urinary fistula as well as meta-
bolic derangements associated with resorption of urine 
in the peritoneal cavity.

Bladder injuries have an incidence of <5%.31 Intraop-
eratively recognized injuries may be closed primarily 
and drained with a Foley catheter. If injuries are not 
detected immediately, they might lead to significant 
morbidity and present as an enterovesical fistula or per-
sistent perineal drainage as well as the same metabolic 
derangements associated with ureteral injury.

Injury to the spleen is most common with left hemi-
colectomy and subtotal colectomy.32 Typically occurring 
during resection or dissection of the splenic flexure, trac-
tion on the peritoneum and omentum leads to avulsion 
of a portion of the splenic capsule. To prevent this com-
plication, adequate visualization is crucial. The proxi-
mal descending colon and the distal transverse colon 
should be mobilized concomitantly to avoid excessive 
traction on the omentum and the splenocolic ligament. 
Injured vessels in the splenocolic ligament and splenic 
hilum are managed by clamping and ligatures. Direct 
pressure and Avitene, Surgicell, or fibrin glue can be 
used on capsular tears. Occasionally, splenorrhaphy or 
even splenectomy may be necessary.

15.6 Stoma Complications

The overall incidence of stoma construction is decreas-
ing. However, stomas are still required in many opera-
tions for inflammatory bowel disease, colorectal tumors, 
trauma, and diverticulitis. When a stoma is required, 
every effort should be made to create a stoma that 
functions well, with minimal interference with the 
patient’s lifestyle. The creation of a stoma should not be 
regarded as a minor surgical procedure. Complications 
are relatively frequent, and emergency stoma forma-
tion seems to be associated with the highest complica-
tion rates.33 Elderly patients have more complications, 
and obese patients are at a higher risk for develop-
ment of early complications.34 Improper position of the 
stoma also affects the incidence of complications. Many 
complications are preventable with careful surgical 
technique. Ideally, stoma location should be chosen and 
marked preoperatively. Stoma complications are classi-
fied by stoma type and the time of occurrence.

15.6.1 Ileostomy and Colostomy

Ileostomies have been associated with the highest 
morbidity of any type of stoma, with loop ileostomies 
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demonstrating the greatest number of complications.35 
Ileostomies can have output >1000 mL in a 24 h period, 
which may lead to significant dehydration and sodium 
loss, requiring fluid replacement and correction of elec-
trolytes. Chronic dehydration and acid urine can lead to 
uric acid renal calculi formation. Ileostomy effluent is 
also rich in proteolytic enzymes that cause skin irritation.

15.6.2 Skin Problems

Skin problems are the most common early and late com-
plications. They are usually the result of poor adher-
ence of the appliance and exposure of skin to the stoma 
effluent. Predisposing conditions are an improperly 
placed stoma, inadequate care of a stoma, and allergy 
to adhesive materials. This most common complica-
tion of ileostomy is the most preventable. Proper stoma 
placement and maintenance can usually eliminate this 
complication.

15.6.3 Ischemia and Necrosis

The incidence of stoma necrosis is 2%–17%. Predisposing 
factors of this complication are devascularization of the 
bowel, obesity, and a tight opening in the abdominal 
wall. Other contributing factors are shock and arterio-
sclerosis. If the necrosis is above the fascia, conserva-
tive management is justified. However, this may lead to 
long-term stenosis of the stoma. Necrosis below the fas-
cia necessitates laparotomy, resection of necrotic colon, 
and revision of the stoma.

15.6.4 Retraction

Retraction in ileostomies occurs in as many as 15% of 
patients. Predisposing factors are tension on the stoma, 
ischemia, obesity, and improper placement of the 
stoma. Retraction may require surgical intervention as 
it is often associated with severe skin excoriation. The 
incidence of retraction in colostomies is 1.5%–10%. The 
main predisposing factor for retraction is tension. When 
the stoma separates and releases into the peritoneum, 
immediate wound exploration with stoma revision is 
required. If this is unsuccessful, laparotomy and fur-
ther mobilization of colon are necessary to prevent fecal 
spillage and development of late stoma stenosis.

15.6.5 Obstruction

Obstruction within 6 months after construction is usu-
ally caused by impacted enteric contents. This is usu-
ally managed with gentle irrigation of the stoma or a 
hypaque stoma injection. Obstruction after 6 months is 
usually secondary to adhesions or stenosis which can 
be due to recurrent inflammatory bowel disease. In 

these situations, a hypaque study can bring relief. If this 
maneuver is unsuccessful, stenoses are best treated with 
local revision or repositioning of the stoma. For colos-
tomies, obstruction early after surgery is unusual. It is 
usually secondary to a parastomal hernia or stenosis at 
the skin level. Fecal impaction can usually be managed 
with injection of water-soluble contrast into the stoma 
which acts as a laxative.

15.6.6 Stenosis

Stenosis of ileostomies is usually secondary to inflam-
matory bowel disease, ischemic necrosis, or exposure of 
ileal serosa to fecal irritants. This complication usually 
presents with a partial SBO. Management of this prob-
lem consists of decompression with a nasogastric tube 
and local revision or relocation of the stoma. Usually, 
the problem can be prevented by adequate preservation 
of the mesentery, preferably to within 2 cm of bowel 
end, and preventing serosal exposure by turning back 
2 cm of ileum on itself. The incidence of this complica-
tion in colostomies is 2%–9%, and is usually due to early 
ischemia or separation at the skin. For urgent relief, sto-
mal dilatation can be performed.

15.6.7 Prolapse

The incidence of colostomy prolapse is 2%–5%, while 
remaining much lower after ileostomy placement. 
Occurring early in the postoperative period, it is usu-
ally due to improper construction and is usually associ-
ated with a parastomal hernia. It is most commonly seen 
with a transverse loop colostomy. The treatment of this 
problem is usually not urgent, requiring excision of the 
redundant segment and lateral fixation of the colon. This 
is successful in a third of cases. If the prolapse recurs, 
relocating the stoma or colectomy might be necessary.

15.6.8 Parastomal Hernia

This is the most common complication after colostomy 
placement and very rare after ileostomy placement. The 
incidence of this complication ranges from 1% to 58%. It 
most commonly occurs within the first 2 years after sur-
gery. The risk factors for development of this complica-
tion are obesity, chronic obstructive pulmonary disease, 
and the existence of other hernias. There is controversy 
about the effect of stoma site on hernia development. 
The significance of this complication is pain, inability 
to maintain an ostomy appliance, intestinal obstruc-
tion, and incarceration. Only 10%–20% of these hernias 
require repair, and of these only 16% require surgery for 
incarceration and obstruction. It is acceptable to attempt 
local repair with or without mesh. If this is unsuccess-
ful, then the stoma should be relocated.
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15.7 Complications of Specific Procedures

15.7.1 Abdominoperineal Resection

Today with the ability to perform low anastomoses 
and coloanal procedures, abdominoperineal resection 
(APR) is typically reserved only for rectal carcinomas 
involving the pelvic floor or upper anal canal and anal 
cancers that do not respond to chemoradiation therapy. 
APRs are associated with morbidity as high as 59%, 
with the highest morbidity among irradiated patients.36 
The most common complications are urinary reten-
tion and impotence. Intraoperatively, the two common 
major complications are ureteral injury and presacral 
hemorrhage. The incidence of ureteral injury during 
this procedure ranges from 0.3% to 6%. The diagnosis, 
treatment, and prevention of this complication are dis-
cussed under general complications of colorectal injury. 
Bladder injuries have an incidence of 0%–5% during this 
procedure. Most of these injuries respond to prolonged 
bladder drainage, and rarely is surgical repair neces-
sary. Urethral injuries occur in 0.7%–6.7% of cases, and 
direct repair is recommended.

During APRs, there are a number of potential sites for 
bleeding. These include the pelvic sidewalls, iliac veins, 
and the middle sacral artery. Presacral hemorrhage can 
sometimes be unpreventable and difficult to control. 
Methods of control include packing, suture ligation, 
cautery, and clips. A bleeding basivertebral vein can be 
controlled with sterile thumbtacks.

Other possible intraoperative complications include 
extremity compartment syndromes and peripheral 
neuropathies from poor positioning and excessive 
retraction. Prevention of injury consists of careful posi-
tioning, with adequate padding and avoidance of long 
operative time.

Common postoperative complications after this proce-
dure involve perineal wound complications, and bladder 
and sexual dysfunction resulting from nerve injury. 
Perineal wound complications consist of hemorrhage, 
abscess, perineal sinus, and perineal hernia formation. 
Several methods of perineal wound closure have been 
described including partial closure, primary closure, and 
closure with continuous irrigation and omental plug-
ging. The incidence of perineal hemorrhage is higher 
in open packing with a frequency ranging from 0% to 
4%.37 Perineal abscess is almost always associated with 
primary closure of the perineal wound. The incidence 
of abscess development is 11%–16%.38 The main risk fac-
tor is fecal contamination. Rectal injury during dissec-
tion is another predictive factor of abscess development. 
Superficial subcutaneous abscesses are to be managed by 
opening the wound with local wound care. Deeper peri-
neal or presacral abscesses may require percutaneous 

drainage. A nonhealing perineal wound is called a peri-
neal sinus after 6 months. It is quite a common problem 
with an incidence ranging from 14% to 40%, especially 
in patients with inflammatory bowel disease.39 Risk fac-
tors for the development of a perineal sinus are inflam-
matory bowel disease, radiation therapy, and fecal 
contamination. Curettage and primary closure can be 
performed. However, usually large and persistent peri-
neal sinuses require debridement and a gracilis or glu-
teus myocutaneous flap. Perineal hernias are uncommon 
and occur in approximately 1% of patients. Evisceration 
requires immediate surgery with reduction and packing. 
Symptoms of perineal hernia include a perineal bulge, 
pain, and possibly voiding problems. Indications for 
surgery include discomfort refractory to conservative 
management, impending skin loss, and bowel obstruc-
tion. Various techniques have been proposed including 
primary repair with or without transperitoneal pros-
thetic material and tensor fascia lata grafts.

Urinary retention, urinary tract infection, and sexual 
dysfunction are common complications following APR. 
They are more common in male patients, especially if 
the procedure is performed for cancer versus inflam-
matory bowel disease. Voiding problems after APR are 
due to malalignment of the bladder, neurologic injury, 
or aggravation of a preexisting outlet obstruction. 
Sympathetic denervation can lead to urgency or incon-
tinence, and parasympathetic denervation results in 
decreased bladder emptying and high postvoid residu-
als. Goldman et al. have recommended the prophylac-
tic use of alpha-adrenergic blockers prior to surgery to 
prevent postoperative urinary retention and infection.40

Sexual dysfunction is reported in 32%–100% of these 
patients.41 Sympathetic injury results in ejaculatory dif-
ficulty, and parasympathetic injury leads to erectile dif-
ficulty. Incidence of sexual dysfunction rises with age 
and resections for cancer versus inflammatory bowel 
disease. These injuries can be temporary or permanent, 
partial or complete.

15.8  Complications of Restorative 
Proctocolectomy with Ileal 
Pouch Anal Anastomosis

Restorative proctocolectomy with ileal pouch anal anas-
tomosis (IPAA) has become an established procedure 
for patients with ulcerative colitis and familial adeno-
matous polyposis. The overall mortality is approxi-
mately 1%; however, it continues to have a significant 
morbidity rate of up to 62.7%.42 Despite a high complica-
tion rate, functional results are good and patient satis-
faction is high. Early complications consist of vascular 
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compromise, bleeding, sepsis, and SBO. Vascular com-
promise may lead to the development of an anastomotic 
leak, sepsis, or stricture formation. Patients undergoing 
this procedure can be on steroid therapy and immuno-
compromised, and have inflammatory bowel changes, 
making the tissues especially fragile and at risk of 
bleeding. Therefore, extra caution is necessary to pre-
vent hemorrhage. Suture or staple line bleeding rarely 
requires surgical intervention. Pelvic sepsis has an inci-
dence of 5%–15%.43 This is usually secondary to a suture 
line leakage and less commonly due to fecal contamina-
tion. The diagnosis is usually made with abdominal CT 
scan. Some abscesses may be amenable to percutaneous 
drainage. If conservative management with parenteral 
antibiotics does not lead to improvement, then lapa-
rotomy is indicated. Pelvic sepsis is also possible after 
ileostomy closure. Therefore, a pouchogram is neces-
sary to detect a leak or fistula prior to stoma closure. 
If pelvic sepsis does occur after ileostomy closure, then 
reestablishment of fecal diversion is necessary. The inci-
dence of SBO ranges from 7% to 30% after this proce-
dure.44 This relatively high incidence is partially due to 
performing two procedures and a temporary diverting 
ileostomy. Less than 50% of these patients require lapa-
rotomy. Nonoperative management initially is justified.

Fistula and stricture formation and pouchitis are the 
most common late complications of an IPAA. The inci-
dence of fistula formation ranges from 2% to 16%.45 
Predisposing factors include ischemia with anastomotic 
breakdown, entrapment of adjacent organs, and postop-
erative sepsis. In these situations, Crohn’s disease needs 
to be ruled out. The most common type of fistula is the 
pouch vaginal fistula. The technique of repair depends 
on the site and complexity of the fistula. Pouch excision 
is rarely required.

Anastomotic strictures have an incidence of 5%–20%.46 
This is the most common anastomotic complication 
after IPAA. Patients may develop strictures secondary 
to disuse during fecal diversion. Whether surgical tech-
nique (handsewn versus stapled anastomosis) has a role 
in stricture formation is debatable. It is often due to ten-
sion or ischemia at the anastomosis site. The presence of 
an abscess is also a contributing factor to stricture devel-
opment. Treatment consists of anal dilatation and rarely 
pouch revision or permanent fecal diversion.

The incidence of pouchitis is 10%–30%.47 It is the 
most common late complication. Pouchitis presents 
with cramps, diarrhea, urgency, incontinence, malaise, 
and fever. Pouchitis is more common in patients with 
ulcerative colitis than familial adenomatous polyposis. 
Oxygen-free radicals, stasis, and bacterial overgrowth 
may play a role in the development of pouchitis.48 
These patients require careful anal examination to rule 
out a stricture leading to stasis. Usually, there is good 
response to a 5–7 day course of metronidazole. If this 

treatment is ineffective, then a trial of treatment with 
ciprofloxacin should be attempted. In very rare cases of 
recurrence and persistent pouchitis, diversion and/or 
pouch excision becomes necessary.

15.9 Complications of Colorectal Trauma

Colorectal trauma is typically categorized as blunt 
or penetrating. Blunt trauma accounts for only 4% of 
colorectal trauma, with motor vehicle accidents being 
the most common cause. Anorectal injuries are rare with 
blunt trauma, and when present are usually associated 
with pelvic fractures. The majority of colorectal inju-
ries are due to penetrating trauma, frequently caused 
by projectiles. Projectiles can cause injury by direct 
penetration, blast effect, or secondary penetration from 
fragmented bone. Other common causes of penetrating 
colorectal trauma are stab wounds and impalements.

Injuries to the rectum should be ruled out during 
initial trauma assessment since they may not be appar-
ent during exploratory laparotomy. The appearance of 
gross blood on digital rectal exam may indicate colon or 
rectal injury.

The treatment of colonic injuries continues to be con-
troversial. In general, primary closure is the procedure 
of choice if feasible. Relative contraindications to pri-
mary repair include: time interval between the injury 
and repair >8 h, shock, multiple organ system injuries, 
significant colonic damage or contamination, and mul-
tiple colonic injuries. Other options of management are 
exteriorization, repair with proximal diversion, and 
resection with or without anastomosis. Currently, exte-
riorization is seldom used as there is up to a 50% risk of 
leakage or obstruction with this method. The use of this 
technique is limited to only certain portions of the colon.

Rectal injuries may be difficult to diagnose. 
Intraperitoneal rectal injuries must be repaired. 
Extraperitoneal injuries, if extensive, may require proxi-
mal diversion and presacral drainage. The necessity for 
presacral drainage, especially with low-velocity inju-
ries, is debatable.49

For all types of injury, debridement of nonviable tis-
sues and removal of gross contamination are critical. 
Perioperative use of systemic antibiotics provides an 
important adjunct to therapy. In the presence of signifi-
cant contamination, skin should be left open as there is 
a 40%–50% prevalence of wound infection.50

The most common cause of death in these patients is 
exsanguination followed by sepsis. In general, the post-
operative complications from surgery to treat colorectal 
trauma are similar to those from other types of colorectal 
surgery: anastomotic leakage, infection, abscess, fistulas, 
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and stoma complications. Intra-abdominal abscess is the 
most frequent septic complication with a 5%–15% inci-
dence. To reduce the incidence of complications, a system-
atic approach is necessary. Priorities for management of 
colorectal trauma are as follows: cessation of exsanguinat-
ing hemorrhage, followed by removal of ongoing contam-
ination, and nonviable tissues, and finally reconstruction.

Complications of Small Bowel Surgery

Complications Incidence

Prolonged ileus 40%51

SBO 12.4%–17%52

Anastomotic leak 3.4%11

Fistula 1.9%53

Intra-abdominal infection 3.3%54

Complications of Colorectal Surgery

Complications Incidence

Anastomotic leak 3.4%–6%
Intra-abdominal infection 3.4%55

Organ injury
• Ureter
• Bladder
• Spleen

1.5%–12%30

<5%31

<1%32

Stoma complication
• Retraction
• Necrosis
• Parastomal hernia
• Prolapse

15%56

2%–17%
1%–58%
2%–5%33–35

APR
• Perineal bleeding
• Pelvic abscess
• Perineal hernia
• Sexual dysfunction

0%–4%37

11%–16%38

<1%
32%–100%41

IPAA
• Pelvic sepsis
• SBO
• Fistula
• Anastomotic stricture
• Pouchitis

5%–15%43

7%–30%44

2%–16%45

5%–20%46

10%–30%47

Avoiding Complications of Small Bowel Surgery

Complications Tips

Prolonged ileus Gentle handling of bowels, judicious use of 
opioids

SBO Gentle tissue handling, meticulous hemostasis, 
avoidance of contamination

Anastomotic leak Attention to viability of anastomosed bowel, 
avoidance of contamination, preservation of 
blood supply to anastomosed segments

Fistula Attention to viability of anastomosed bowel, 
avoidance of contamination, preservation of 
blood supply to anastomosed segments

Infection Early diagnosis of appendicitis, meticulous 
examination of bowel to prevent missed 
enterotomies, delayed primary or nonclosure 
of contaminated wounds

Avoiding Complications of Colorectal Surgery

Complications Tips

Anastomotic leak Attention to viability of anastomosed 
colon, avoidance of contamination, 
preservation of blood supply to 
anastomosed segments

Fistula Attention to viability of anastomosed 
colon, avoidance of contamination, 
preservation of blood supply to 
anastomosed segments

Infection Proper bowel prep, oral antibiotics 
preoperatively, delayed primary or 
nonclosure of contaminated wounds

Organ injury
• Ureter
• Bladder
• Spleen

Careful dissection when mobilizing 
colon, avoidance of excessive traction

Stoma complication
• Retraction
• Necrosis
• Parastomal hernia
• Prolapse

Avoidance of excessive traction on 
stoma, creation of adequate abdominal 
wall opening, preferentially avoiding 
transverse colostomy when possible, 
careful selection of stoma site

APR
• Perineal bleeding
• Pelvic abscess
• Perineal hernia
• Urinary retention
• Sexual dysfunction

Avoidance of fecal contamination, 
meticulous dissection

IPAA
• Pelvic sepsis
• SBO
• Fistula
• Anastomotic stricture
• Pouchitis

Meticulous hemostasis, early imaging 
of pouch to avoid sepsis, early 
institution of antibiotics (Flagyl for 
pouchitis), avoidance of tension or 
ischemia at anastomosis
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Gastric surgery, once a common procedure in general surgery, is 
now performed much less frequently. However, skill and knowl-
edge in this field are still required, particularly in light of the 
increasing numbers of antireflux and bariatric procedures that 
are being performed today. Although the development of endo-
scopic, radiographic, and laparoscopic equipment allows less-
invasive procedures, morbidity and mortality rates remain high.

16.1 Operative Treatment of Duodenal Ulcer

Operative therapy is reserved for complications of 
duodenal ulcer disease. Intractability, hemorrhage, 

perforation, and obstruction are the most common 
indications. Control of hemorrhage usually requires a 
duodenotomy and direct suturing of the bleeding site. 
The gastroduodenal artery should always be ligated. 
For perforated duodenal ulcers, operation may or 
may not be required as these may spontaneously seal. 
The procedure of choice is thorough peritoneal irriga-
tion followed by omental patch closure. Gastric outlet 
obstruction, usually the result of recurrent ulceration, 
is the least common complication of duodenal ulcer 
disease. Endoscopic balloon dilation is a safe treat-
ment but provides only temporary relief. Pyloroplasty 
is rarely feasible, and antrectomy is frequently per-
formed; if this is impossible, truncal vagotomy and 
gastrojejunostomy are carried out.
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16.2 Operative Treatment of Gastric Ulcer

Indications for elective surgical treatment of gastric 
ulcer include failure of a newly diagnosed ulcer to heal 
after 12 weeks of medical therapy, failure of a recurrent 
ulcer to respond to therapy, or recurrence after two ini-
tial courses of successful treatment. When gastric ulcers 
fail to heal completely, malignancy must be ruled out; 
inability to do so qualifies as an indication for surgery. 
The goal of operative treatment should be complete exci-
sion of the ulcer for histologic examination. The need for 
a definitive acid-reducing measure to treat gastric ulcer 
is not usually required.

Hemorrhage, perforation, and obstruction are the 
three most common complications of gastric ulcer. For 
ulcers located in the prepyloric region or in the body 
of the stomach, the preferred operation is antrectomy 
with Billroth I anastomosis. A truncal vagotomy may be 
added for prepyloric ulcers or for gastric ulcers associ-
ated with a duodenal ulcer.

If the ulcer is located proximally on the lesser curva-
ture, antrectomy with extension of the lesser curvature to 
include the ulcer is preferred. If the ulcer is bleeding and 
lies too close to the esophago–gastric junction to allow 
resection, it is treated by vessel transfixion and ulcer 
oversewing. In the presence of life-threatening hemor-
rhage, suture ligation of the ulcer followed by vagotomy 
and pyloroplasty is an acceptable alternative. Multiple 
biopsies of the ulcer should be performed whenever 
possible; this procedure is associated with high rates of 
rebleeding. Operative treatment of a perforated gastric 
ulcer is accomplished by distal gastrectomy that includes 
the site of perforation. For patients in an unstable con-
dition, excision of the ulcer with primary closure and 
omental patch overlay is an acceptable alternative.

16.3 Gastric Carcinoma

The mainstay of therapy for gastric cancer is surgery, 
which provides the only hope of cure. At the time of 
operation, if no gross metastases are found, a curative 
resection should be attempted. The goal is to com-
pletely remove the primary tumor and the associated 
lymph nodes. However, the extent of gastric resection 
required and the role of radical lymphadenectomy in 
achieving cure have been controversial. Margins of 
4–6 cm around the primary tumor are required. For dis-
tal lesions, subtotal gastrectomy with a Billroth II anas-
tomosis is the most frequently used procedure.1 Lesions 
of the midbody or the fundus require total gastrectomy. 
Other indications for total gastrectomy include gastric 

stump cancer after distal resection for benign disease, 
Linitus plastica, and cancer associated with multiple 
polyps. Reconstruction is usually through an end-to-
side Roux-en-Y esophagojejunostomy. Lesions near the 
gastroesophageal junction require esophagogastrec-
tomy. Proximally, at least 10 cm of esophagus should 
be resected, with frozen section to ensure adequate 
margins. Gastric cancer can now be resected by three 
distinct methods that include laparotomy, laparoscopy, 
and endoscopic methods. The latter two methods are 
primarily reserved for lower stage disease. There is less 
blood loss and fewer complications associated with a 
laparoscopic approach and similar long-term survival 
when compared to open methods.2,3 The types of com-
plications are however similar.

16.4 Gastrointestinal Motility

Gastric surgery inherently has adverse effects on GI 
motility. The stomach functions to receive and store 
food, to mix it with gastric juice and begin the process 
of digestion, and to propel the prepared chyme into the 
duodenum at a rate optimal for digestion and absorption 
by the small intestine. The proximal stomach is capable 
of sustained alteration in tension via two vagally medi-
ated reflexes: accommodation and receptive relaxation. 
Receptive relaxation refers to the anticipatory relaxation 
of the proximal stomach to accept a food bolus from the 
esophagus. Accommodation describes the stomach’s 
ability to adapt to large changes in volume with only 
minimal increases in intragastric pressure. If accom-
modation is impaired, proximal gastric tone increases 
markedly during distension, and this increase leads to 
increased intragastric pressure and rapid emptying of 
liquids. Control of gastric emptying of solids is a func-
tion of the distal stomach. Solids are retained in the dis-
tal stomach, where they are mixed with gastric juice and 
broken down to particles before they are allowed to pass 
into the duodenum.

16.5  Effect of Surgical Procedures on 
Gastric Motor Physiology

Procedures performed on the stomach include resec-
tion, vagotomy, and drainage procedures. Each has 
specific effects on gastric motility and emptying. These 
disruptions may cause a variety of symptoms, termed 
postgastrectomy syndromes, which occur after 5%–50% of 
gastric operations.4
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16.5.1 Vagotomy and Gastric Resection

Two types of vagotomy are currently performed: trun-
cal vagotomy and highly selective vagotomy (HSV). 
Both procedures remove vagal innervation to the 
proximal stomach, and this removal severely impairs 
accommodation and reflexive relaxation. HSV does 
not disturb the gastric pacemaker or the distal propa-
gation of these potentials. Truncal vagotomy, however, 
has profound effects on distal gastric motor physi-
ology. Gastric peristalsis is weakened, trituration is 
impaired, and emptying of digestible and indigestible 
solids is slowed. Gastric emptying must be facilitated 
by a drainage procedure. The effect of gastric resection 
on proximal gastric motor physiology depends on the 
extent of resection. Distal resection abolishes antral trit-
uration, removes the barrier to duodenal gastric reflux, 
and results in rapid emptying of solids. Proximal gas-
trectomy results in rapid emptying of liquids.

16.6 Acute Complications of Gastric Surgery

16.6.1 Rebleeding

Early recurrence of bleeding is more likely after surgery 
for peptic ulcer disease than after surgery for neoplasm. 
Bleeding may be intraluminal or intra-abdominal. 
Intraluminal bleeding most commonly occurs among 
patients with multiple comorbid conditions who have 
undergone a simple oversewing of an ulcer without an 
associated ulcer operation.5 Overall, intraluminal bleed-
ing occurs among 5% of all postgastrectomy patients. 
If endoscopic therapeutic measures cannot control the 
bleeding, open surgery or angiographic embolization 
is indicated. Intraoperatively, a proximal gastrotomy is 
performed above any anastomosis or stoma. Bleeding 
from a lesser-curvature closure or an anastomotic line 
may be controlled by suture ligation. Alternatively, re-
resection and a second anastomosis may be required. 
Blood coming from the duodenum (in the case of a 
Billroth I anastomosis) or the afferent limb (in the case of 
a Billroth II anastomosis) suggests a recurrent bleeding 
ulcer. The esophagus and cardia should be examined 
for any ulcers, tears, or varices, and any bleeding should 
be controlled by suture ligation. If endoscopy points 
toward an intra-abdominal source, the next step may be 
CT scanning or ultrasonography. A patient in unstable 
condition should undergo immediate exploration.

16.6.2 Gastroparesis

Gastroparesis is most commonly seen after surgery 
for gastric outlet obstruction. Overall, 4% of patients 

undergoing a gastric procedure will experience delayed 
gastric emptying. Appropriate laboratory tests or CT 
scanning must exclude concurrent illness, infections, 
metabolic disturbances, or other treatable causes, includ-
ing leaks or abscesses. Once these conditions have 
been excluded, prolonged conservative management is 
advised and should consist of gastric decompression, 
correction of electrolyte abnormalities, nutritional sup-
port, and weaning from potentially exacerbating drugs. 
If gastroparesis continues for more than 7–14 days after 
surgery, evaluation with barium, a radioisotope, or 
endoscopy is indicated. Among patients with gastro-
paresis, 95% will pass some contrast agent by day 14, 
whereas 95% of patients who pass no contrast agent will 
have a mechanical obstruction.7 Surgical intervention 
is reserved for patients with early marginal ulcers that 
are unresponsive to medical therapy, for those with ana-
tomic abnormalities of the gastric outlet, and for those 
without abnormalities whose stomach fails to empty by 1 
month after operation.

16.6.3 Duodenal Stump Blowout

The incidence of duodenal stump leak is approxi-
mately 3%, with an associated mortality rate close to 
10%.5 A common cause of a blown duodenal stump 
is acute afferent limb obstruction, caused by kinking 
or retroanastomotic hernia. Patients with this condi-
tion usually exhibit an acute exacerbation of abdomi-
nal pain on the fifth to seventh postoperative day. 
Occasionally, the leak is confined to the right upper 
quadrant and appears with signs of localized sepsis. 
CT scanning or ultrasonography may show an abscess 
cavity; an upper GI series or a dimethyl iminodiacetic 
acid (hepatobiliary iminodiacetic acid [HIDA]) scan 
may show a leak. Patients with this type of leak may 
respond to percutaneous drainage. The more com-
mon presentations are severe abdominal sepsis and 
an acute abdomen. Patients with peritonitis require 
exploration, drainage of the right upper quadrant. A 
lateral duodenal fistula occurs when a duodenal leak 
occurs in the context of a Billroth I procedure, where 
the duodenum is still in continuity with the stomach. 
This has historically been associated with a high mor-
tality. In contrast, the end duodenal fistula or duode-
nal stump blowout occurs after a Billroth II procedure, 
and avoids activation of pancreatic juices by gastric 
contents (with a lower associated mortality). The duo-
denum may be closed around a duodenostomy tube if 
the end of the duodenal stump has blown out. If the 
leak occurs laterally, a simple closure with omental 
buttress may suffice. In either case, pancreatic secre-
tion should be minimized by nil per os status and 
initiation of parenteral nutrition. While somewhat 
controversial, somatostatin analogs may help reduce 
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pancreatic secretion and may play a role in the man-
agement of acute duodenal stump leak.

16.6.4 Anastomotic Leak/Endoscopic Perforation

Excluding esophageal anastomoses after total gastrec-
tomy, the overall incidence of anastomotic leak is <2% 
after gastric operations. Contained leaks may be con-
trolled by percutaneous drainage, parenteral nutrition, 
nasogastric decompression, and broad-spectrum antibi-
otics. Unless there is distal obstruction or carcinoma of 
the suture line, the fistula tract should close. For patients 
with peritonitis and shock, or those in whom drainage 
is inadequate, an operation is needed. Small anasto-
motic defects may be closed primarily and covered with 
omentum. Commonly, revision of the anastomosis is 
required. The incidence of leak in a pyloroplasty after 
an ulcer operation is 5%.5 If there is minimal contami-
nation, the anastomotic margins can be trimmed, and 
a new pyloroplasty can be performed. Large defects 
may require revision of the anastomosis. A Heineke–
Mikulicz pyloroplasty may be converted to a Finney 
pyloroplasty, or, alternatively, a Billroth II anastomosis 
may be fashioned. For patients in unstable condition, 
the area should be widely drained, and a gastrostomy 
should be placed for gastric decompression. Similar 
treatment is used for a leaking gastroduodenostomy 
after a Billroth I anastomosis. Leaks along the recon-
structed lesser curvature usually require additional 
resection and conversion to a Billroth II anastomosis. 
Perforation related to endoscopic mucosal resection and 
endoscopic submucosal dissection has the potential 
to expand the number of perforations associated with 
early gastric cancer as these procedures become more 
ubiquitous. Management is similar to other causes of 
perforation with the need for operation based on the 
presence of diffuse peritonitis or a progressive inflam-
matory response.8 Consideration also needs to be given 
to the status of the cancer resection when making opera-
tive plans.

16.6.5 Dumping Syndrome

The dumping syndrome is one of the most common 
causes of morbidity after gastric surgery. Symptoms 
develop after the ingestion of food, and patients are 
free of symptoms under fasting conditions. GI symp-
toms include crampy abdominal pain, bloating, nausea, 
vomiting, and explosive diarrhea. Vasomotor symptoms 
include diaphoresis, dizziness, palpitations, weakness, 
and flushing. An estimated 25%–50% of patients expe-
rience some symptoms of dumping after gastric sur-
gery; however, only 1%–5% experience severe, disabling 
symptoms.9,10 Dumping is classified as early or late on 
the basis of the timing of onset of symptoms. Early 

dumping starts 10–30 min after eating. Late dumping 
starts 2–3 h after eating and usually involves only vaso-
motor symptoms. Liquid foods and meals rich in car-
bohydrates are particularly poorly tolerated. Severely 
affected patients may lose weight because of fear of eat-
ing. The diagnosis of dumping is based on a thorough 
medical history and the provocation of signs and symp-
toms by an oral glucose challenge. Gastric-emptying 
studies using radionuclide markers in both liquid and 
solid phases may be used to document accelerated gas-
tric emptying. Endoscopy and barium radiography are 
helpful in precisely defining the anatomy and in diag-
nosing other postgastrectomy syndromes that may be 
present.

Most patients have mild-to-moderate symptoms that 
improve with time, and dietary modification is the 
mainstay of therapy. Patients should eat small, frequent 
meals that are low in carbohydrate and high in pro-
tein. It is often helpful to postpone drinking for at least 
half an hour after eating. In addition, patients should 
add fiber and a modest amount of fat to their diets 
and should substitute complex carbohydrates (e.g., raw 
vegetables) for simple sugars. If symptoms are severe, 
patients can be told to lie down for half an hour after 
eating. Octreotide has been used with some success to 
treat severe symptoms of early and late dumping.

Multiple surgical procedures have been advocated for 
the treatment of dumping, including pyloric reconstruc-
tion, narrowing of the gastrojejunal stoma, conversion of 
a Billroth II anastomosis to a Billroth I anastomosis, jeju-
nal interposition, and conversion to a Roux-en-Y anas-
tomosis. Although initial success rates vary, long-term 
results are generally disappointing. Surgery should 
be the very last resort for treating patients with severe 
dumping that is unresponsive to dietary and medical 
therapies.

For patients who have previously undergone pylo-
roplasty, pyloric reconstruction is a viable option. The 
pyloroplasty is opened, the sphincter muscle is reap-
proximated, and the incision is closed longitudinally. 
Reported success rates vary widely.11–13 Conversion of a 
Billroth II anastomosis to a Billroth I anastomosis rees-
tablishes the gastroduodenal flow of food, is associated 
with low rates of complication, and improves the symp-
toms of approximately 75% of patients. Many types of 
jejunal interpositions have been described. The most 
successful has been the 10 cm antiperistaltic jejunal seg-
ment, which may be interposed between the stomach 
and the duodenum, in the efferent limb of a gastrojeju-
nostomy, or in a Roux-en-Y limb. Several authors report 
good results with this procedure, but others report a 
serious risk of gastric outlet obstruction.14 For patients 
with a previous Billroth I or II anastomosis, conversion 
to a Roux-en-Y gastrojejunostomy has provided the 
most consistent results.14–16
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16.6.6 Postvagotomy Diarrhea

Although diarrhea is not uncommon after gastric sur-
gery, its incidence is higher among patients who have 
undergone vagotomy. Severe symptoms are character-
ized by frequent, watery stools, often nocturnal, and are 
usually not associated with ingestion of a meal. Attacks 
may be episodic, lasting a few days and then not recur-
ring for several months. Symptoms generally improve 
over the first year, and the problem rarely remains 
debilitating or constant. The diagnosis of postvagotomy 
diarrhea is made on clinical grounds, with care taken to 
distinguish other postgastrectomy syndromes that can 
occur concomitantly. Other causes of diarrhea should 
be excluded. Medical treatment is similar to that for 
dumping; dietary measures are the mainstay of therapy. 
Antidiarrheal agents such as loperamide, diphenoxyl-
ate, and opiates are useful. Cholestyramine improves 
diarrhea for most patients. For patients unresponsive to 
these measures, octreotide has been used with mixed 
success. Surgical options should be reserved for the 
minority of patients with chronic, debilitating symp-
toms unresponsive to other therapies. The strategy is a 
slowing of small bowel transit time. The most frequently 
used procedure is the construction of a 10–15 cm anti-
peristaltic jejunal segment, 100 cm distal to a gastroen-
terostomy or the Treitz ligament. The results achieved 
by this procedure, however, have been mixed.17

16.6.7 Alkaline Reflux Gastritis

Five to fifteen percent of patients undergoing gastric 
surgery will experience alkaline reflux gastritis.18 The 
symptoms include burning epigastric pain, which is 
unrelieved by antacids and frequently made worse by 
eating or lying down, nausea, and bilious vomiting. 
Patients often decrease their food intake, and this 
action results in weight loss and anemia. The incidence 
of alkaline reflux gastritis is highest after a Billroth II 
anastomosis and is much less frequent after a Billroth 
I anastomosis or after truncal vagotomy and drainage.

The diagnosis of alkaline reflux gastritis is made by 
exclusion. Recurrent ulcer, gastroparesis, afferent or 
efferent loop obstruction, and diseases of the gallblad-
der and pancreas must be ruled out. Endoscopic exami-
nation with biopsy of the mucosa is the most useful 
diagnostic procedure. It can rule out recurrent ulcer and 
afferent loop syndrome, both of which are included in 
the differential diagnosis of bilious vomiting. An upper 
GI barium study is often performed, but it is rarely help-
ful in making the diagnosis. It is useful in defining 
postoperative anatomy and in excluding other causes of 
symptoms, including recurrent ulcer and obstruction.

Documentation and quantification of reflux into the 
stomach may be assessed by HIDA scan with cholecysto-
kinin administration. Additionally, intragastric infusion 

of alkaline solution as a provocative test appears to be 
helpful, both in diagnosis and in determining which 
patients may benefit from surgery. In one series of 147 
patients, a 4-year follow-up showed that a positive 
response to the test was associated with benefit from sur-
gery and that a negative response to the test was associ-
ated with a lack of benefit from surgery; the predictive 
accuracy was 75%–85%.19.

Medical management generally has been ineffective. 
Nonetheless, a trial of medical therapy is warranted, 
and the occasional patient may be adequately treated. 
Cholestyramine has been used because of the assumption 
that bile acids are the cause of gastritis. Antacids contain-
ing aluminum hydroxide have also been used, because 
they bind bile acids and lysolecithin. In contrast, adding 
the bile acid ursodeoxycholic acid to a patient’s diet has 
shown some success in relieving mild symptoms.

The goal of surgical treatment is to divert duodenal con-
tents away from the gastric remnant. The procedure most 
often used is the Roux-en-Y gastrojejunostomy, which 
creates a 45 cm roux limb. Other alternatives are the 
interposition of an isoperistaltic jejunal segment between 
the residual stomach and intestine, and the Roux-en-Y 
Tanner-19 gastrojejunostomy, in which the proximal end 
of the afferent limb is anastomosed to the roux limb, 
thereby forming a small, circular route for the passage 
of chyme. No advantages have been shown with any of 
these procedures. Each, however, is effective in virtually 
eliminating reflux into the gastric remnant, and all yield 
good short-term results. Unfortunately, longer follow-up 
shows that bilious emesis is the only symptom that is con-
sistently relieved. Epigastric pain can recur in as many as 
30% of cases, and nausea and vomiting can recur in as 
many as 50%.20 A potential problem is the development 
of delayed gastric emptying of solids; this problem causes 
early satiety, epigastric pain, and nonbilious vomiting, a 
constellation of symptoms that has been termed the roux 
stasis syndrome.

16.6.8 Loop Syndromes

The loop syndromes require the presence of an afferent 
or efferent limb and can occur only after a Billroth II 
or a Roux-en-Y anastomosis. Either the afferent or the 
efferent limb may become obstructed, and both types 
of obstruction can present with either an acute and 
complete obstruction or a chronic partial obstruction. 
Afferent limb obstruction is more common and is usu-
ally due to anatomic factors. Known causes are internal 
herniation of the small intestine, volvulus of the loop, 
and kinking at the anastomosis. Each is thought to occur 
more frequently when the anastomosis is antecolic, 
is positioned along the lesser curvature, or when the 
afferent limb is too long (>10 to 15 cm). Because surgeons 
have become more cognizant of underlying causes, 
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the loop syndromes, once more common, now occur 
among <1% of patients.21.

Acute afferent limb obstruction is the most common 
cause of duodenal stump blowout and constitutes a 
surgical emergency. It most commonly appears within 
the first or second postoperative week and results from 
complete obstruction of the afferent limb. The stump is 
repaired and reinforced with omentum and the under-
lying cause corrected. An intraoperative finding may be 
necrosis of the limb. If only the distal portion is involved, 
the limb may be resected and a Roux-en-Y anastomo-
sis fashioned. Involvement of the duodenal portion of 
the limb may necessitate a pancreaticoduodenectomy. 
Volvulus is prone to recurrence, and any redundancy 
in the limb should be resected. The retroanastomotic 
space and all mesenteric defects should be closed so that 
recurrence of hernias can be avoided.

Chronic afferent limb obstruction results from partial 
obstruction of the limb. Symptoms include nausea, right 
upper quadrant pain brought on by meals, and bilious 
vomiting, possibly projectile, which is not mixed with 
food and which quickly relieves the pain. Stasis in the 
loop may result in a “blind loop syndrome,” with bac-
terial overgrowth, bile salt deconjugation, steatorrhea, 
vitamin B12 deficiency, and diarrhea. Clinical history is 
extremely helpful in diagnosing afferent loop obstruc-
tion; however, alkaline reflux gastritis must be ruled 
out. The results of routine radiologic studies are usually 
normal because the limb generally obstructs only as it 
distends. Endoscopy allows direct visualization of the 
anastomosis and biopsy of any pathologic lesions. Once 
the diagnosis has been made, surgery is warranted. A 
Billroth II anastomosis may be converted to a Billroth I 
or, alternatively, a Roux-en-Y anastomosis.

Obstruction of the efferent loop is less common and 
is most frequently caused by a retroanastomotic hernia. 
Other causes of obstruction are adhesions, fibrotic ste-
nosis, and jejunogastric intussusception. Efferent loop 
obstruction also exists in acute and chronic forms, but 
the acute form is more common. Symptoms consist of 
colicky abdominal pain, nausea, and bilious vomit-
ing (with food). A diagnosis of chronic efferent loop 
obstruction is confirmed by radiography, which shows 
delayed emptying across a point of obstruction in the 
efferent limb. Surgical treatment is mandated. The spe-
cific therapy depends on the cause and may include lysis 
of adhesions, reduction of hernias, closure of anatomic 
defects, revision of the anastomosis, or conversion to a 
Billroth I or Roux-en-Y anastomosis.

16.6.9  Chronic Gastric Atony and the 
Roux Stasis Syndrome

Chronic gastric atony is characterized by nausea, vomit-
ing, epigastric pain, postprandial bloating, and frequent 

bezoar formation. Patients cannot tolerate solids but can 
usually tolerate liquids, and they intuitively change 
their diets. The cause is believed to be a loss of gas-
tric vagal innervation, with incidence higher after less 
selective vagotomies.22 The assessment of the patient 
with chronic gastric atony must exclude mechanical 
obstruction. Upper GI series are most often read as 
normal but may show a distended, flaccid gastric rem-
nant. Endoscopic examination confirms the absence of 
any obstruction. Scintigraphic testing reveals severe, 
delayed gastric emptying of solids. Medical treatment 
is based on the use of prokinetic drugs. Intermittent 
or chronic gastric decompression may be necessary, in 
conjunction with nutritional support and weaning from 
exacerbating drugs. Overall 30%–40% of patients expe-
rience limited relief of symptoms. Surgical therapy aims 
at decreasing the reservoir capacity of the stomach; the 
most common procedure is near-total gastrectomy with 
a Roux-en-Y gastrojejunostomy.

Distinguishing the elements of the roux stasis syn-
drome from those of gastric atony is difficult. In fact, the 
existence of roux stasis syndrome as an entity separate 
from gastric atony has been questioned. Two reviews 
have placed the incidence at 27%–33%.23 Evaluation 
and medical treatment of the patient with possible roux 
stasis are the same as those of the patient with gastric 
atony. The most important issue is ruling out mechani-
cal causes of obstruction. Upper GI series and endos-
copy are helpful in this regard, and scintigraphic studies 
can document delayed emptying in the gastric remnant, 
in the roux limb, or in both. Medical therapy is seldom 
successful. Surgical therapy usually involves a near-total 
gastrectomy and adjustment of the limb length to 40 cm; 
this procedure is successful in 70%–80% of patients.24

16.6.10 Small Gastric Remnant Syndrome

The small gastric remnant syndrome is also character-
ized by early satiety, bloating, epigastric pain soon after 
eating, and vomiting. It is caused by loss of the reser-
voir function of the stomach. This syndrome is most 
prevalent after operations that remove 80% or more of 
the stomach.25 Symptoms are usually mild, but can be 
severe enough to cause weight loss, malnutrition, and 
anemia. Diagnosis is based primarily on clinical history, 
but mechanical obstruction must be ruled out. Dietary 
management consisting of frequent, small meals, and 
the addition of vitamins, iron, and pancreatic enzymes 
is successful in most patients.

16.6.11 Recurrent Ulcer

Duodenal, gastric, or jejunal ulcers that occur after 
corrective surgery for peptic ulcer disease are known 
as recurrent ulcers, stomal ulcers, or marginal ulcers. 
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Together with alkaline reflux gastritis, they are the lead-
ing cause of unsatisfactory long-term postoperative 
results. The most common symptom of recurrent ulcer 
is pain, usually similar to the original ulcer pain, which 
is reported by 80%–95% of patients.26,27 It is difficult to 
distinguish this pain from the pain that accompanies 
several other postgastrectomy syndromes. The first 
diagnostic test for evaluating a patient’s symptoms is 
endoscopy. Most ulcers occur within 2 cm of the GI anas-
tomosis and are seen on endoscopy; the accuracy rate of 
endoscopy in the diagnosis of this condition approaches 
90%.26,27 When a recurrent ulcer has been diagnosed, the 
underlying cause must be determined. Most recurrent 
ulcers will respond to standard medical therapy.

The leading cause of recurrent ulcer in nearly 60% 
of cases is an inadequate or inappropriate operation.27 
Inadequate vagotomy is the most common identified 
cause and is found in as many as one-third of cases. 
Inadequate resection of antral tissue, which can extend 
one or more centimeters into the duodenum, can result 
in the retained antrum syndrome, a rare but highly 
ulcerogenic cause of recurrence. The retained antral tis-
sue is constantly exposed to an alkaline pH, because an 
absence of gastric acid in the duodenal stump results in 
continuous hypersecretion of gastrin from the mucosa. 
Fasting gastrin levels will be two to four times normal 
values in these cases and aid in the diagnosis. Antral 
G-cell hyperplasia and Zollinger–Ellison syndrome may 
also cause recurrent ulcer, but the fasting gastrin levels 
will be much higher than those in retained antrum syn-
drome. Other rare causes are foreign body (stitch) ulcer 
and gastric cancer. Contributing factors include ulcero-
genic drugs, smoking, delayed gastric emptying, entero-
gastric reflux, bezoar, and primary hyperparathyroidism.

Three diagnostic tests establish the cause of recur-
rent ulcer in most cases: endoscopy, determination of 
the serum calcium concentration, and determination 
of the serum gastrin concentration. If a gastric ulcer is 
present, biopsy may be able to exclude gastric cancer. 
If an afferent limb is present, biopsy of the duodenal 
stump may exclude retained antral tissue. A serum 
gastrin concentration >1000 pg/mL is virtually diagnos-
tic of Zollinger–Ellison syndrome, whereas a normal 
serum concentration excludes the diagnosis, except in 
rare cases.28 The fasting serum gastrin concentrations 
of patients with retained antrum syndrome are typi-
cally two to four times above the normal range. Delayed 
gastric emptying caused by obstruction or gastric atony 
may result in hypergastrinemia due to retained food; 
gastrin concentrations should decrease after the evacu-
ation of the stomach, thus excluding this cause. Elevated 
gastrin concentrations due to H2 or proton pump block-
ers should decrease within 24 h of discontinuing the 
drug. The differential diagnosis for a modest elevation 
of gastrin concentration also includes Zollinger–Ellison 

syndrome, retained antrum, postvagotomy hypergas-
trinemia, and antral G-cell hyperplasia.

If one of these diagnoses is made, the therapy specific to 
the diagnosis is instituted. Retained antrum can be cured 
by resecting the cuff of antral tissue. Antral G-cell hyper-
plasia responds to antrectomy. A diagnosis of hyper-
parathyroidism requires parathyroidectomy; multiple 
endocrine neoplasia (MEN) syndromes should also be 
excluded. If Zollinger–Ellison syndrome is diagnosed, the 
patient must undergo additional tests to define the source.

Medical therapy is indicated for patients with uncom-
plicated recurrent ulcers who have no evidence of hyper-
secretory state or gastric outlet obstruction. Studies show 
that standard doses of H2 blockers will heal approxi-
mately 80% of recurrent ulcers. A typical regimen involves 
treatment with proton pump inhibitors until healing is 
documented endoscopically. Discontinuation of anti-
ulcer therapy is usually associated with rapid recurrence, 
and lifetime maintenance is generally required. It is also 
mandatory that ulcerogenic drugs, cigarette smoking, 
and perhaps even alcohol use be discontinued. Surgery 
is indicated if the recurrent ulcer does not heal after 
3 months of medical therapy; if the ulcer recurs within 
1 year despite maintenance therapy; if the ulcer disease 
is characterized by cycles of prolonged activity with brief 
or absent remissions, so that lifestyle is severely affected; 
or if the patient cannot comply with medical therapy.

It has been recently shown that duodenal ulcers can, 
in many cases, be treated with simple closure via a lap-
aroscopic approach. If treatment for Helicobacter pylori 
is given postoperatively, the majority of these ulcers 
do not recur. Due to a lack of data, it is unclear if the 
same is true of perforated gastric ulcers, but H. pylori 
should certainly be investigated and treated if present 
in patients with perforated gastric ulcers. Gastric ulcers 
caused by acute cocaine intoxication appear to have a 
lower recurrence rate if a formal antiulcer operation is 
entertained at the time of initial surgery. This may be 
due to noncompliance with medical therapy in the post-
operative period

16.6.12 Gastric Remnant Carcinoma

It has been postulated that gastric surgery for benign 
disease increases the risk of subsequent gastric cancer. 
Although the relationship remains tenuous, evidence 
suggests that the risk of cancer is increased approxi-
mately twofold to fourfold after a latency period of 
15 years. The most frequent symptoms of this carci-
noma are epigastric pain, fullness, vomiting, dysphagia, 
weight loss, upper GI bleeding, weakness, obstruction, 
and diarrhea. Given the long latency period of gastric 
cancer, the diagnosis should be strongly suspected 
when new GI complaints occur among patients who 
have experienced years with no symptoms.
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16.7  Complications Related to 
Bariatric Surgery

Due to the nationwide obesity epidemic, bariatric surgi-
cal procedures are among the most common abdominal 
procedures performed with an approximate average of 
115,000 cases per year from 2004 to 2007.31 These pro-
cedures are best performed by high volume surgeons, 
although the qualifying volume is yet to be defined. 
Unfortunately, these surgeons will rarely be available 
to care for the complication of bariatric surgery, and all 
general surgeons need to be aware of these potential 
complications and their immediate management.

16.8 Gastric Band Complications

Complications of adjustable gastric banding include band 
slippage or prolapse, pouch dilation, erosion, mechanical 
complications related to filling of the band, and overfill-
ing of the band. Prolapse or band slippage may occur in 
up to 36% of patients, depending on the series.32 Patients 
may present with dysphagia, nausea, vomiting, reflux, 
or food intolerance. Diagnosis is confirmed by a contrast 
esophagram demonstrating either vertical or horizontal 
positioning of the band with contrast pooling in the pro-
lapsed portion. If there are clinical signs of ischemia of the 
prolapsed portion, this constitutes a surgical emergency 
and mandates immediate exploration. In the absence of 
ischemia, deflation of the band may be an initial first step. 
Removal of the band with either replacement or conver-
sion to Roux-en-Y gastric bypass is almost universally 
required.33 Pouch dilation without prolapse may also 
occur and has a similar clinical presentation; however, 
the band appears appropriately positioned by fluoros-
copy and there is no pooling of contrast on esophagram, 
but poor progression of contrast across the band. Fluid 
removal from the band is usually curative. Mechanical 
complication related to failure of the band-filling mecha-
nism generally is in the form of a system leak. These are 
best addressed by an experienced band surgeon as the 
problem often presents during routine band-filling visits, 
and is difficult to diagnose.

The most feared complication of adjustable gastric 
banding band erosion occurs in up to 3% of cases; how-
ever, this rate may increase as bands are in place for lon-
ger periods of time. The outcome for this complication 
is usually good as patients do not typically present with 
catastrophic peritonitis. Patients usually present with 
vague abdominal pain and weight gain. Port site infec-
tions are another common presentation. Any of these 
complaints mandates endoscopy with retroflexion once 

the endoscope is distal to the band. Treatment generally 
will involve band removal by laparoscopy and repair of 
the gastric wall, although endoscopic removal has been 
reported.34 One of the more common complications of 
gastric band surgery is a failure of the procedure with 
regard to loss of excess body weight. The treatment for 
this complication remains unclear, however the most 
common treatment is conversion to a Roux-en-Y gastric 
bypass.33 Gastroesophageal reflux and esophageal fail-
ure require deflation of the band; however, this does not 
always resolve the symptoms.35

16.9 Gastric Bypass Complications

With the exception of pulmonary embolism, life-
threatening surgical complications after gastric bypass 
include anastomotic leak, bowel obstruction related to an 
internal hernia, and gastrointestinal bleeding (GIB). The 
rates of these complications do not differ between open 
and laparoscopic approaches.36 Anastomotic leaks are the 
second most common cause of death after gastric bypass 
and the most surgically challenging. Most leaks occur 
5–7 days after surgery, and diagnosis requires a high 
index of suspicion. Patients may present with abdominal 
pain or signs of sepsis. Diagnosis is generally by CT or 
esophagram, which may demonstrate fluid collections 
adjacent to the leak, free intra-abdominal air, or contrast 
extravasation. The management strategy for this com-
plication depends on the stability of the patient. Stable 
patients with small leaks may be managed with drainage 
and nutritional support. Patients who demonstrate early 
signs of sepsis should be managed by operative explora-
tion, primary repair of the leak if possible, and drainage.

GIB can occur at any of the staple lines, and although 
rare may be life-threatening.37 In the immediate postop-
erative setting, re-exploration is commonly required as 
the bleeding may be either intraluminal or intra-abdom-
inal, and both of these sources can be identified and 
controlled operatively. In the subacute setting, endos-
copy may be of value especially for intraluminal sources 
at the gastrojejunostomy. Upon exploration in the acute 
setting, if an intra-abdominal source of bleeding cannot 
be identified, all limbs of the bypass including the 
gastric remnant should be carefully examined for the 
presence of intraluminal blood.

Bowel obstructions related to internal hernias occur 
later in the postoperative period and occur in up to 4.5% 
of patients.38 The three areas of concern are related to the 
jejeunojejunostomy, Peterson’s space behind the Roux 
limb, and in the retrocolic method, the transverse meso-
colic defect. These may present in a subacute fashion with 
intermittent vague abdominal pain as the hernia occurs 
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and spontaneously reduces. These may also present as 
closed loop obstructions with life-threatening bowel 
ischemia. Other obstructions can occur due to technical 
errors or anastomotic edema at the jejeunojejunostomy, 
incisional hernias, adhesive bands, or anastomotic stric-
tures. Because the anatomy of these patients is often diffi-
cult to interpret on cross-sectional imaging, a high index 
of suspicion should be maintained and laparoscopic or 
open exploration undertaken, depending on surgeon 
experience, when these patients present with clinical 
signs and symptoms of bowel ischemia.

Marginal ulcers typically are another common com-
plication occurring in up to 16% of patients.39 Patients 
present with epigastric pain, nausea, vomiting, or dys-
phagia, and the diagnosis is typically made by endoscopy. 
Treatment is primarily medical with most responding to 
proton pump inhibitors, and documentation of healing 
by endoscopy is recommended. Surgery is indicated only 
for intractability or gastrogastric fistula usually requir-
ing revision of the anastomosis. Like marginal ulceration, 
gastrojejunostomy stricture presents with postprandial 
vomiting and in some cases pain. The diagnosis is by 
endoscopy, and most cases will respond to balloon dila-
tion; however, several sessions may be required.40

16.10  Nutritional Consequences 
of Gastric Surgery

Commonly encountered nutritional impairments after 
gastric surgery are maldigestion and malabsorption 
of polymeric foods, sustained underweight, abnormal 
satiety, iron deficiency, and osteomalacia. Absorption 

of salt, water, and monomeric nutrients such as glucose 
and fatty acids is however not impaired. Steatorrhea 
may follow any procedure that destroys or bypasses the 
pylorus or resects all or part of the stomach. Steatorrhea 
is aggravated in the presence of an afferent loop or a 
Roux-en-Y anastomosis. All operations for ulcer disease, 
with the notable exception of HSV, lead to substantial 
weight loss. The amount of weight loss correlates most 
closely with reduced intake of food rather than with 
malabsorption, as measured by steatorrhea. Patients 
are advised to eat small, frequent meals, which serve 
to keep pancreatic secretions flowing and to limit the 
speed of gastric emptying.

Mild-to-moderate anemias are common after gas-
tric surgery. Iron deficiency is the most common cause. 
Folate and vitamin B12 concentrations may also decrease 
after gastric operations; such decreases cause a mixed 
anemia. Pure macrocytic anemias are rare except after 
total gastrectomy. Because intrinsic factor is produced 
in great excess, resections less than a total gastrectomy 
rarely cause decreases in vitamin B12 concentrations that 
are severe enough to cause clinical symptoms. Folate 
deficiency occasionally contributes to a mixed anemia. 
Deficiencies in iron, folate, or vitamin B12 respond well 
to replacement. Iron should be given in the ferrous form, 
and tablets should be crushed so that they can be better 
absorbed.

Gastric resection accelerates the process of osteopo-
rosis, and this acceleration becomes more pronounced 
with time after surgery.41,42 This process is faster after 
total gastrectomy than after subtotal gastrectomy, and 
it is only minimally affected after vagotomies without 
resection. Calcium and vitamin D supplements have 
been prescribed to prevent postoperative bone disease; 
however, their effectiveness has not been documented.

Complications of Gastric Surgery

Complications Incidence References Comments

Rebleeding 5% [5] Generally treated with endoscopic therapy.
Gastroparesis 4% [6] Generally treated nonoperatively.
Duodenal stump leak 3% [5] Afferent limb obstruction is the likely cause. CT, HIDA, and 

ultrasound are potential tests.
Anastomotic leak <2% [5] Can most often be managed by percutaneous drainage and 

parenteral nutrition.
Dumping syndrome 25%–50%, 1%–5% 

disabling
[9, 10] Defined as early or late based on symptoms, but initial 

treatment is dietary modification regardless of timing.
Postvagotomy diarrhea Common [17] Medical management is generally effective, and surgical 

intervention is rarely required.
Alkaline reflux gastritis 5%–15% [18] Diagnosis of exclusion, but HIDA and provocative testing 

may be helpful. Management is medical.
Afferent loop syndrome <1% [21] Acutely results in stump leak, chronically diagnosis is by 

history. Corrective surgery is usually required.
Efferent loop syndrome <1% [21] Occurs in acute and chronic forms, both diagnosed by 

contrast study, and both generally require corrective 
surgery.
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Avoiding Complications of Gastric Surgery

Complications Method of Avoidance

Rebleeding Suture control of major bleeding vessels
Gastroparesis Preoperative evaluation of gastric emptying if 

possible and adjust resection strategy
Duodenal stump leak Minimize duodenal devascularization with aggressive 

dissection, avoid afferent limb kinking
Anastomotic leak Maintain good surgical technique with well-

vascularized anastomosis under no tension
Dumping syndrome Instruct patients to eat small meals and avoid high 

carbohydrate diets, and delay drinking after solids 
for at least 30 min

Postvagotomy diarrhea Choose the most selective vagotomy possible that 
addresses the disease process

Alkaline reflux gastritis If possible choose a procedure other than Billroth II 
anastomosis

Afferent loop syndrome Construct the afferent limb <15 cm in length and use a 
retrocolic reconstruction

Efferent loop syndrome Close all spaces potentially leading to retro-
anastomotic hernia

Delayed gastric emptying roux 
stasis syndrome

Avoid truncal vagotomy if possible
Use a shorter roux limb (40 cm), though this must be 
balanced against the risk of bile reflux gastritis

Small gastric remnant If possible maintain at least 20% of the gastric volume
Recurrent ulcer Perform a definitive ulcer operation and avoid 

retained antrum
Gastric band slippage or pouch 
dilatation

Use of the pars-flaccida technique and gastropexy 
may reduce the risk of this complication

Gastric band erosion Place the band fully below the GE junction and avoid 
overtightening of the band

Anastomotic leak after gastric 
bypass

Use properly sized staples, use biologic buttress 
material, avoid ischemic tissue or creating tension on 
the anastomosis, perform an intraoperative leak test

GIB after gastric bypass Consider oversewing of staple lines if possible
Internal hernias and obstruction 
after gastric bypass

Use an antecolic technique and consider closing all 
mesenteric defects if possible

Marginal ulcers Insist on smoking cessation, minimize pouch size, test 
for and treat H. pylori preoperatively

Complications Incidence References Comments

Delayed gastric emptying/
roux stasis syndrome

27%–33% [23] Diagnosis is generally by scintigraphy, and prokinetic 
agents may be helpful, but near-total gastrectomy or 
reducing the roux limb to about 40 cm is often required.

Small gastric remnant Uncommon [25] Treatment is dietary modification.
recurrent ulcer [29] Must rule out syndromic causes, but treatment is generally 

medical.
Gastric band slippage or 
pouch dilatation

Up to 36% [32] Initially managed by band deflation, but almost always 
require band removal and/or conversion to Roux-en-Y 
gastric bypass.

Gastric band erosion 3% [32] Requires band removal and gastric repair.
Anastomotic leak after 
gastric bypass

3% [36] Second most common cause of death. May be managed 
without re-exploration in stable patients with small leaks.

GIB after gastric bypass 2% [37] Acutely—usually due to staple line bleeding and managed 
with reoperation, chronically—diagnosis and initial 
management is endoscopic.

Internal hernias and 
obstruction

4.5% [38] Acute and subacute forms occur. Treatment is surgical 
reduction and closure.

Marginal ulcers 16% [39] Treatment is primarily medical.
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17.1 Introduction

The liver is a complex, vascular organ occupying most 
of the right upper quadrant of the abdomen. Surgery 
of the liver, whether emergent or elective, can involve 
significant blood loss, and delayed complications such 
as hepatic failure can be life threatening. A multimo-
dality approach to the management of hepatic-related 
complications is essential and calls for close cooperation 
between the disciplines of surgery, gastroenterology, 
critical care, and radiology.

17.2 Liver Trauma: Management Strategies

The American Association for the Surgery of Trauma 
(AAST) Organ Injury Scale (OIS) for liver injuries is 
a common grading scale used to describe the sever-
ity of liver injury. Its grading system is based on find-
ings from operative procedures, radiologic imaging, or 
autopsy.1 Patients presenting with refractory shock with 
a positive focused assessment of sonography in trauma 
(FAST) will need urgent laparotomy. Patients who can 
be stabilized after blunt trauma typically undergo 

computed tomographic (CT) scanning of the abdomen. 
If a liver injury is found, the majority of patients will be 
candidates for nonoperative management (NOM).

Criteria for NOM include hemodynamic stability, 
absence of peritonitis, and the absence of associated 
intra-abdominal injuries requiring laparotomy. In about 
70%–90% of patients with blunt liver injuries, NOM can be 
attempted. Of these, the success rate is high (85%–92%).2–4 
Higher grade liver injuries (AAST OIS Grades 3–5) are 
more likely to require urgent operation, but for those 
selected to undergo NOM, the failure rate is still low (about 
6%–8%).5,6 Other findings on CT besides liver injury grade 
such as the presence of a vascular blush or contrast extrav-
asation (CE), and hemoperitoneum have been shown to be 
more important in predicting failure of NOM.4

On the other hand, in patients sustaining penetrating 
abdominal injuries, operative intervention is largely nec-
essary in gunshot wounds, and less so if the mechanism 
is stabbing. In the occasional patient who is hemody-
namically stable, with a suspected tangential trajectory 
and without peritonitis, gastrointestinal bleeding or 
hematuria, CT scanning has been utilized in helping to 
decide if NOM is feasible. In one series, 15% of patients 
with penetrating liver injuries underwent NOM based 
on CT findings, with a low failure rate (3%).7

When surgery is contemplated, an autologous blood 
recovery system should be prepared. Once the abdomen 

17
Complications of Hepatic Surgery and Trauma

Adrian W. Ong and Kusum Tom

CONTENTS

17.1 Introduction ................................................................................................................................................................... 175
17.2 Liver Trauma: Management Strategies ...................................................................................................................... 175
17.3 Elective Liver Resection: Operative Strategies ..........................................................................................................176
17.4 Complications .................................................................................................................................................................176

17.4.1 Hemorrhage ........................................................................................................................................................176
17.4.2 Bile Leak ............................................................................................................................................................. 177
17.4.3 Hepatic Necrosis and Hepatic Failure ........................................................................................................... 178
17.4.4 Intra-Abdominal Abscess ................................................................................................................................ 179
17.4.5 Delayed Diagnosis of Intra-Abdominal Injuries .......................................................................................... 179
17.4.6 Biliary Stricture ................................................................................................................................................. 179
17.4.7 Hemobilia ........................................................................................................................................................... 179

References ................................................................................................................................................................................ 180



176 Complications in Surgery and Trauma

© 2008 Taylor & Francis Group, LLC

has been entered, blood is quickly evacuated, and the 
four quadrants of the abdomen are packed. After 
removal of the perihepatic packing, the liver injury is 
inspected. The need for further treatment depends on 
the severity of bleeding. Such treatments may consist of 
direct pressure, topical hemostatic agents, electrocau-
tery, or argon beam coagulation. Further bleeding may 
require full mobilization of the liver to the midline. If 
simple packing has failed to control the hemorrhage, 
the Pringle maneuver (occlusion of the hepatoduode-
nal ligament) is used, along with other techniques such 
as hepatotomy with finger fracture and direct suturing 
of the liver. The use of omentum to pack the injury is 
another technique that may control hemorrhage.

When large lacerations involve anatomic segments of 
the liver, removal of injured liver peripheral to the line 
of fracture may control bleeding, but this is not com-
monly done. With good perioperative management and 
ready availability of hepatobiliary specialists, the liver-
related mortality for liver resections is acceptable (9% in 
one recent series).8

When uncontrolled bleeding occurs from hepatic 
veins or the retrohepatic vena cava, simple packing 
is usually not sufficient. Finger fracture of the paren-
chyma with venorrhaphy has been used successfully. 
Total hepatic vascular isolation techniques may rarely 
be necessary, and have been used with or without either 
atriocaval shunting9,10 or extracorporeal veno-venous 
bypass. It is unclear whether the outcomes of hepatic 
venous injuries are better with shunting compared to 
no shunting, because when these complex techniques 
are utilized, the patient typically is in extremis.

In cases of severe liver injury where bleeding is con-
trolled, abbreviating the laparotomy is commonly done 
in a “damage control” strategy. The abdomen is tempo-
rarily closed, and the patient is taken to the intensive 
care unit. During this period, angioembolization (AE) is 
an essential adjunct if intraoperative hemostasis has not 
been satisfactory. Once the patient’s condition has been 
optimized, early planned reoperation with removal of 
packing is performed, usually in 24–48 h.

AE is also used as a primary treatment when NOM is 
planned. In this situation, CT findings are used to guide 
therapy and determine the need for angiography.

17.3  Elective Liver Resection: 
Operative Strategies

The most commonly used incision for elective liver 
resection is a right subcostal incision with an extension 
either across the midline to a bilateral subcostal inci-
sion, or extension into the midline up to the xiphoid 

process. Both of these incisions provide excellent expo-
sure to the liver as well as the hilum. A major liver resec-
tion is defined as removal of three or more Couinaud 
segments.

Isolation of both the vascular inflow and outflow 
of the area in question is vital, and in order to have 
vascular control, it is necessary to mobilize the liver 
adequately. Adequate mobilization of the liver entails 
taking down the falciform, coronary, and the right tri-
angular ligaments. The gastrohepatic ligament should 
be taken down as well in order to allow one to perform 
a Pringle maneuver in order to curtail blood loss.11,12 
Care should be taken when opening the gastrohepatic 
ligament to avoid injury to an accessory left hepatic 
artery if present. The Pringle maneuver should not 
exceed 20–30 min at a time if possible to reduce com-
plications associated with splanchnic congestion and 
ischemia–reperfusion injury.13 The porta hepatis, once 
identified, should be dissected to expose and ligate the 
arterial and portal branches supplying the relevant 
area of resection. Once the vessels are ligated, the liver 
parenchyma will demarcate. The venous drainage can 
be best approached by dissection along the bare area of 
the liver to the retrohepatic cava for the right hepatic 
vein, and along the left triangular ligament and the fal-
ciform ligament for the left and middle hepatic veins. 
The hepatic vein can be divided and oversewn with 
nonabsorbable sutures, or, alternatively can be ligated 
and divided with an endovascular stapling device. 
Parenchymal dissection can be accomplished with a 
number of techniques ranging from simple finger frac-
ture or crushing the tissue with a Kelly clamp, to the 
more contemporary techniques of stapling, ultrasonic 
dissection, and devices that use monopolar energy to 
name a few.14 Any small biliary radicals and vessels 
encountered can then be ligated using either clips or 
sutures.

17.4 Complications

17.4.1 Hemorrhage

For patients initially managed nonoperatively, delayed 
bleeding mostly occurs in higher grade liver injuries 
with an incidence of 4%–7%,5,6,15 and very rarely in lower 
grade injuries. Where AE is utilized in NOM of these 
injuries, delayed bleeding can still occur in 5%–12% 
of patients. 5,6,16 When NOM is contemplated for these 
injuries, CE on CT can predict transfusion require-
ments and failure of NOM. As accumulated experience 
with CT grows, the optimal management strategy for 
CT-detected CE will necessarily involve some degree of 
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individualization, based on the size of contrast pooling, 
presence or absence of free intraperitoneal extravasation, 
and the magnitude of hemoperitoneum. A patient with a 
small degree of CE confined to the hepatic parenchyma 
without hemoperitoneum may not require further inter-
vention other than close observation, whereas CE with 
free intraperitoneal leakage and associated large hemo-
peritoneum will require urgent AE or laparotomy16,17 
(Figure 17.1). Similarly, in children, CE on CT may not 
automatically mandate further intervention. A series of 
75 children with blunt liver injury with a 29% incidence 
of CE found that 97% could be treated nonoperatively 
with none undergoing AE, with one liver-related death.18 
On the other hand, there have been sporadic reports of 
late fatal hemorrhages in the pediatric population.19

The more common scenario of delayed bleeding after 
liver injury is seen when urgent surgical intervention 
is required initially. This is likely due to the severity of 
the liver injury. As mentioned previously, if packing is 
initially successful but hemostasis is deemed subopti-
mal by the surgeon in the damage control setting, AE 
should be considered postoperatively to minimize the 
possibility of delayed bleeding. Also, removal of pack-
ing during relaparotomy can, on occasion, precipitate 
bleeding. Packing should be removed unhurriedly and 
only when well-soaked. If removal of packing precipi-
tates bleeding, repacking may be necessary in some 
cases. The incidence of recurrent hemorrhage after 
packing removal was 21% when packs were removed 
early (<36 h), and only 4% when packs were removed 
after 36 h in a retrospective study.20

Delayed bleeding after the acute damage control 
phase is seen uncommonly, but has been reported to 
be fatal in the pediatric population as mentioned pre-
viously. If there is suspicion, and patient condition 

allows, CT is useful to assess the presence of a hepatic 
artery pseudoaneurysm which may benefit from AE. 
If there is a known subcapsular liver hematoma, man-
aged nonoperatively, repeat CT or FAST can confirm 
rupture by demonstrating new or increased hemoperi-
toneum. Operative intervention is usually necessary.

Bleeding during major liver resections is largely 
unavoidable. However, the general magnitude of bleed-
ing during the procedure measured by the amount of 
blood transfusion has decreased significantly since the 
1970s. During that time period there was a significant 
mortality of 20% associated with a major liver resec-
tion, with exsanguination representing one-fifth of the 
deaths. In the 1990s, with the use of vascular occlusion, 
advances in surgical technology, and better intraopera-
tive management of the patient, the incidence of major 
bleeding has decreased.21 Currently the incidence of 
bleeding ranges from 1% to 8%.22 Cirrhotic patients are 
more likely to have postoperative bleeding compared to 
patients with normal liver function.

Hemorrhage most frequently occurs during the paren-
chymal dissection of the liver. There are a few maneu-
vers that will aid in minimizing the bleeding during 
this time. Intermittent Pringle maneuver of clamping 
the porta for 20–30 min, with a 5 min break will help 
decrease intraoperative bleeding.23 The central venous 
pressure should also be kept low (at or <5) during the 
procedure as well to curtail blood loss.

17.4.2 Bile Leak

A bile leak after liver injury is usually manifested by 
bile in perihepatic drains placed intraoperatively or 
percutaneously, by a localized perihepatic fluid collec-
tion (biloma), or by generalized ascites (bile peritonitis). 
These biliary complications are associated with high-
grade liver injuries (4%–24%),5,15 and are mostly due 
to an intrahepatic source. The more complex the liver 
injury, the higher the incidence of biliary complications 
(5% in grade three injuries vs. 52% in grade five inju-
ries, in one study).5 Patients with bilomas may have no 
symptoms or may exhibit right upper quadrant fullness 
or tenderness, fever, or jaundice, weeks after the initial 
operation or injury. CT or ultrasound-guided drainage 
is the treatment of choice if the patient exhibits symp-
toms, fever, or leukocytosis, with initiation of empiric 
antibiotics.

For patients undergoing operation, the decision as to 
whether or not the injury should be drained should be 
made intraoperatively. In a series of 472 patients ran-
domized to no drainage versus sump drainage versus 
closed drainage, the rates of hepatic abscess were no 
different between no drainage and closed drainage 
(6.7% vs. 3.5%), but both were lower than that with 
sump drainage (13%).24 In another randomized trial 

FIGURE 17.1
CT showing CE with hemoperitoneum. This patient became 
hypotensive after CT, requiring urgent laparotomy and hemo-
stasis. Postoperative angiography showed no bleeding requiring 
embolization.



178 Complications in Surgery and Trauma

© 2008 Taylor & Francis Group, LLC

where patients without evidence of bile leak intra-
operatively were randomized to no drainage versus 
open drainage with Penrose drains, there was no dif-
ference in the incidence of intra-abdominal abscess.25 
Therefore, if there is evidence of a bile leak, a closed 
suction drain should be placed. If there is no bile leak, 
the decision to drain a liver injury should take into 
account the severity of the liver injury and the extent 
of surgical dissection, debridement, and resection 
undertaken.

Bile peritonitis should be suspected when a patient 
develops signs of sepsis, and has diffuse abdominal pain 
or tenderness and jaundice The patient may still be able 
to have bowel function and tolerate enteral nutrition. CT 
will show generalized ascites. Laparoscopy with place-
ment of perihepatic drains and expeditious endoscopic 
retrograde cholangiopancreatography (ERCP) to assess 
for a bile leak is initially preferred.26

The majority of bile leaks mentioned earlier are due 
to an intrahepatic bile duct injury. Extrahepatic duct 
injuries are rare and almost always are associated with 
a penetrating mechanism of injury.27,28 Primary closure 
can be done if there is no need for excessive mobiliza-
tion and the duct injury is minimal. For most injuries, 
a biliary–enteric anastomosis is recommended to mini-
mize biliary stricture formation.

Bile leaks after elective liver resections have been 
reported to be anywhere from 0% to 33%.29,30 The high-
est rates of bile leak are reported in patients who have 
a liver resection with concomitant hepaticojejunostomy. 
The incidence in this cohort of patients is up to 14% in 
one study, as opposed to 3% in patients who did not 
have a bilioenteric anastomosis.29 Leaving a drain in the 
empty fossa of the resection site is imperative in all major 
liver resections, so that an early postoperative bile leak 
can be detected. In minor resections, drainage may not 
be as critical. The majority of bile leaks originate from 
the cut surface of the liver, usually from a small biliary 
radicle, and are typically self-limiting. Bile leaks after 
liver injury or elective resection may take up to 6 weeks 
to resolve completely. If the amount of drainage con-
sistently decreases over this period of time, it is likely 
that the leak will resolve. ERCP with sphincterotomy, 
and placement of a biliary stent or a nasobiliary drain is 
increasingly utilized to expedite closure and is almost 
always successful.31,32 Ultimately, 90% of bile leaks will 
resolve without any need for surgical intervention.

17.4.3 Hepatic Necrosis and Hepatic Failure

Hepatic necrosis with associated hepatic failure is 
an unusual complication after injury, and is only 
seen with severe injuries with significant hemor-
rhagic shock. The incidence among high-grade inju-
ries is low (0.4%–3%) in two retrospective studies.6,15 

However, hepatic necrosis appears to be more com-
mon among patients who have undergone AE for liver 
injuries. The incidence can be as high as 20%–42% in 
this setting.33,34 Similarly, gallbladder infarction asso-
ciated with AE of the right hepatic artery has also 
been observed. Patients with hepatic necrosis after 
AE had a liver-related mortality rate of 7% which 
was not significantly different than patients without 
hepatic necrosis after AE, in one study.33 While this is 
an important problem in the current multimodality 
approach to complex liver injuries, other factors such 
as the duration of hemorrhagic shock and the degree 
of selectivity of the embolization should be considered 
in assessing these complications.

The noncirrhotic liver has a remarkable ability for 
compensatory growth after major resection. (The likeli-
hood of hepatic failure after a major elective liver resec-
tion depends on the function and volume of the remnant 
liver [>25%–30% is desirable].) The incidence has been 
quoted from 0% to 13%,35,36 but is generally low in non-
cirrhotic patients (2%–7%). In cirrhotic patients, elective 
liver resection should be avoided as the incidence of 
liver failure is as high as 20%.37 The Child–Pugh clas-
sification and more recently the Model for End Stage 
Liver Disease (MELD) score have been used as predic-
tive tools for outcomes after abdominal surgery in cir-
rhotic patients.38 Retrospective studies have shown that 
cirrhotic patients undergoing an elective liver resection 
with MELD score >11 are at a high risk of developing 
postoperative liver failure.39–41 Mortality from liver fail-
ure in a cirrhotic patient approaches 100%. Careful pre-
operative evaluation of liver function should be done 
in all cases. A variety of tests have been developed to 
assess liver function especially in cirrhotic patients. 
The indocyanine green retention rate at 15 min (ICGR-
15) is the most commonly used. A value of <14% in cir-
rhotic patients means they will tolerate a liver resection, 
whereas a rate >20% means that a liver resection should 
be avoided.35 Other risk factors for hepatic failure after 
liver resection include active viral hepatitis, steatosis, 
cholestasis, and chemotherapy-associated hepatotoxic-
ity; each of these factors have a negative impact on the 
regenerative capacity of the liver.37 Treatment for acute 
liver failure after resection should focus on the support 
of the remnant liver. These patients are at significant 
risk for development of septic complications; there-
fore, the administration of prophylactic antibiotics and 
antifungal agents is advantageous.41 As a final desperate 
measure, liver transplantation can be utilized as a res-
cue measure in certain situations. If the resection is done 
for hepatocellular carcinoma and there is no evidence of 
extrahepatic disease, a patient can be considered for a 
liver transplant. Liver transplantation has also been per-
formed in the setting of hepatic failure after trauma and 
can be life-saving.42
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17.4.4 Intra-Abdominal Abscess

In patients undergoing operative treatment of liver 
injuries, the abscess rate is about 5%–10%.24 The rate 
of liver-related abscess formation is lower (<2%) when 
liver injuries are managed nonoperatively.6 Abscess 
formation is associated with the severity of the liver 
injury, the presence of other intra-abdominal injuries 
requiring therapeutic intervention, and the number of 
blood transfusions. When complex liver injuries require 
perihepatic packing for hemorrhage control, the rate of 
abscess formation may be as high as 30% among patients 
who survive the perioperative period.43,44 Perioperative 
antibiotics administered prophylactically have not been 
proven to decrease abscess rates after perihepatic pack-
ing when the abdomen is left open.

The incidence of intra-abdominal abscess formation 
after elective liver resections is about 8%–10%.45,46 Risk 
factors associated with abscess formation were repeat 
liver resection (which has increased with advances in 
surgical techniques and perioperative management), 
prolonged operative time, and liver resections for chol-
angiocarcinoma. The treatment of choice is with percu-
taneous drainage and antibiotic therapy.

17.4.5 Delayed Diagnosis of Intra-Abdominal Injuries

The incidence of hollow viscus injuries requiring inter-
vention is about 0%–1.9%.3,5,6 During NOM of solid 
intra-abdominal injuries, a deteriorating clinical course 
manifested by the development of organ failure should 
raise concern for missed hollow viscous injuries. The 
importance of bedside physical examination, while 
often unreliable in critically ill ICU patients, is often 
minimized, thus contributing to a delay in diagnosis. 
Repeat CT is usually performed, but the lack of free 
intraperitoneal air or pneumatosis does not exclude a 
bowel injury. Diagnostic peritoneal lavage and diag-
nostic laparoscopy are also options in helping to make 
the diagnosis. Laparotomy may ultimately be neces-
sary if the patient is deteriorating and no definite extra-
abdominal cause is found.

17.4.6 Biliary Stricture

For bile duct injuries with complete transection, primary 
repair is not recommended due to the high incidence 
(>50%) of stricture formation. The incidence is lower 
(<5%) if a bilioenteric anastomosis is performed in this 
setting. After primary repair for incomplete transections, 
the incidence of stricture is also low (5%).27 When injury 
occurs to the hepatic ducts at the level of the porta hepa-
tis, hepaticojejunostomy is preferred to primary repair.

After elective liver resection, biliary strictures are 
usually a late complication and are extremely rare. In 

the absence of a bilioenteric anastomosis, if a biliary 
stricture develops, one should suspect either an arte-
rial injury or tumor recurrence. Strictures after hepa-
tectomy have otherwise been uncommonly reported in 
patients who had had prior hepatectomy, manifesting 
as persistent bile leaks.47 Indeed, they are recognized 
more as a complication associated with radiofrequency 
ablation and transarterial chemoembolization of liver 
tumors.48,49 A stricture which develops at the bilioen-
teric anastomosis may be treated by a percutaneous 
transhepatic catheter with sequential dilatation of the 
stricture. If this is unsuccessful, then surgical resection 
of the stricture and revision of the bilioenteric anasto-
mosis may be necessary.

17.4.7 Hemobilia

Hemobilia rarely occurs as a consequence of a hepatic 
artery pseudoaneurysm after liver injuries. In a series of 
adult patients with liver injuries managed operatively, 
6 of 482 (1.2%) were found to have hepatic artery pseu-
doaneurysm with hemobilia,50 while in a series of 78 
unselected patients with liver injuries, the incidence was 
1 in 78 (1.3%).3 While rare in the setting of liver injury, 
this complication has been well-recognized in associa-
tion with percutaneous transhepatic procedures.51 In a 
large series, hepatic arterial injuries occurred in 2.3%, 
with the majority (>85%) presenting as hemobilia.

In elective liver resections, hemobilia is an extremely 
rare problem and its incidence is not well-documented.

This complication can occur days to months or even 
years after injury. This problem should be considered in 
a patient with a high-grade liver injury or who has had 
a percutaneous liver procedure, presenting with gas-
trointestinal bleeding. There may or may not be associ-
ated shock, signs of sepsis, jaundice, or abdominal pain. 
Upper endoscopy is usually nondiagnostic, because 
the bleeding is often intermittent, but this procedure 
should be performed to rule out other sources of gastro-
intestinal bleeding. There may be radiologic evidence of 
a dilated common bile duct due to blood clots in the bili-
ary tract. A CT scan performed with the use of intrave-
nous contrast material may reveal a “blush” in the liver 
parenchyma. The management of choice is arteriogra-
phy with selective embolization of the feeding artery.

Besides a hepatic artery to biliary tract communica-
tion, bilhemia (mixing of bile and blood) as a result 
of a biliary–venous fistula can occur rarely. This is 
suspected when there are very high levels of direct 
hyperbilirubinemia, and only moderately elevated 
liver enzymes. It occurs rarely, in 0.2% of patients 
managed nonoperatively.6 Treatment is aimed at 
decreasing intrabiliary tract pressure by ERCP and 
biliary stenting, and/or external drainage of bilomas 
if present.52
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Incidence of Complications of Liver Surgery and 
Trauma

Complications Incidence and Setting References

Hepatic failure Elective liver resection: 
0%–13%

[35–37]

Noncirrhotic patients: 2%–7%
Cirrhotic patients: 20%
Trauma: 0.4%–3%

[6,15]
Hepatic 
necrosis

Trauma: After AE––20%–42% [33,34]

Intra-
abdominal 
abscess

Trauma: 5%–30% (operative 
management)

[43,44]

Higher with perihepatic 
packing

0%–2% with NOM [6]
Elective surgery: 8%–10% [45,46]

Bile leak/
biloma/bile 
peritonitis

Trauma: Higher in higher 
grade injuries––4%–24%

[6,15]

Elective liver resection: 
0%–33%

[29,30]

Hemobilia Trauma: Rare in an 
unselected cohort. Injuries 
requiring operative 
management: 1.2%

[50]

Percutaneous transhepatic 
procedures: 2%

[51]

Elective surgery: Rare, not 
well-documented

Bilhemia Trauma: 0.2% [6]
Biliary stricture Trauma: Primary repair of 

complete bile duct 
transection––>50%

[27]

Bilio-enteric anastomosis for 
bile duct injury: 5%

Elective surgery: Rare; not 
well-documented. Usually 
attributable to prior liver 
procedures or history of 
radiofrequency ablation

Delayed 
bleeding

Elective surgery: 1%–8%
Trauma: NOM––4%–12%
Recurrent bleeding after 
abbreviated laparotomy: 
4%–21%

[22]
[5,6,15,16,20]

Delayed 
diagnosis of 
intra-
abdominal 
injuries

NOM: 0%–1.9% [3,5,6]

Avoiding Complications in Liver Surgery and Trauma

• Cirrhotic patients should be carefully evaluated when elective 
liver resection is contemplated.

• Hemodynamic stability is the most important factor in the 
decision to pursue a NOM strategy for liver injuries.

Avoiding Complications in Liver Surgery and Trauma

• In assessing liver injuries on CT, factors such as the presence or 
absence of CE, the degree of CE, whether or not it is contained 
within the parenchyma, and the degree of hemoperitoneum 
should be taken into consideration together with clinical 
assessment of the patient to plan further management.

• AE may be used in primary treatment during NOM or as an 
adjunct to operative hemostasis for liver injuries, with the 
recognition that hepatic necrosis may occur. Prior to 
embolization, the surgeon and radiologist should discuss 
findings on angiography.

• Biliary–enteric anastomosis should be used for complete or 
near-complete traumatic transection of the bile ducts rather 
than primary repair.

• Avoiding high central venous pressure may lessen blood loss 
during major liver resections.

• Preparation for total hepatic vascular isolation with or without 
bypass is important for major liver resection and trauma.

• Adequate mobilization of the liver to allow maneuverability of 
the liver and access to the inflow and outflow of the liver is 
necessary during major liver resections in elective or emergent 
situations.

• Utilize the Pringle maneuver judiciously (only 20–30 min at a 
time with a 2–5 min break) in order to avoid cardiac 
complications with reperfusion of the liver.

• A drain should be left in the empty space after a liver resection 
to allow early recognition of a bile leak and avoid a potential 
biloma and its associated complications.
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Pancreatic surgery has undergone a number of changes during 
the past few decades. The trend is toward an increase in the inci-
dence of pancreatic adenocarcinoma but a decrease in the inci-
dence of periampullary tumors. The mortality and morbidity 
rates associated with major pancreatic resection have decreased 
dramatically because diagnostic and treatment methods have 
been refined. The increased survival rates of patients with mul-
tisystem trauma, coupled with advances in imaging techniques, 

have increased the frequency with which pancreatic injury is 
diagnosed. For the trauma surgeon, resident, or student who 
performs pancreatic surgery only occasionally, it is crucial to 
study the pancreas and its response to surgery so that the poten-
tial complications of pancreatic surgery can be recognized and 
pancreatic injury can be managed. All elective and emergent 
pancreatic surgery procedures as well as pancreatic trauma are 
associated with a commonly occurring set of complications.
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18.1 Anatomy

The pancreas is situated in a relatively fixed position 
in the retroperitoneum and is surrounded by crucial 
structures. It is divided into a head, a neck, a body, 
and a tail (Figure 18.1). The gland lies across the sec-
ond lumbar vertebra; thus, it is commonly injured by 
blunt trauma. Penetrating injury can affect any area of 
the gland and is associated with a high mortality rate, 
before the injured patient even reaches the hospital. The 
intricate involvement of the pancreas with the duode-
num, the mesenteric vessels, and the portal venous sys-
tem make elective surgery on the pancreas technically 
challenging.

The pancreas has both exocrine and endocrine func-
tions. Production of insulin is an endocrine function, 
and the potential complications of resection or injury 
include diabetes mellitus. The exocrine pancreas con-
sists of the acinar cells with their ductal system, which 
delivers enzymes to the duodenum. The average human 
produces 750–1500 mL of pancreatic fluid daily. The 
enzymes secreted in this fluid include proteases, amy-
lase, nucleases, elastases, collagenases, and lecithinases. 
These proteolytic enzymes are the most potentially 
damaging, but fortunately they are secreted in their 
inactive form as zymogens. However, when these 
enzymes are activated in the interstitium of the gland 
or in the retroperitoneum, or when they leak from an 
anastomosis, severe inflammation and necrosis occur. 
As a result of this mechanism, the exocrine pancreas 
causes most pancreatic complications. Controlling the 
exocrine pancreas is crucial to managing complications 
associated with pancreatic surgery.

Knowledge of the anatomy of the pancreatic ducts is 
important for any pancreatic or trauma surgeon. The 
main pancreatic duct, the Wirsung duct, traverses the 
entire gland, lies slightly superior in the gland, and 
ends by joining the common bile duct and emptying 
into the duodenum. The accessory duct, the Santorini 
duct, drains the superior proximal portion of the 
gland through an accessory opening directly into the 
duodenum about 2–2.5 cm above the papilla. A sub-
stantial number of pancreatic ductal anomalies exist 
(Figure 18.2). The common bile duct and the pancre-
atic duct may have separate openings into a combined 
papilla or they may share a common channel.

The arterial and venous anatomies are relatively con-
stant in the pancreas; however, knowledge of the main 
vascular branches is important when the gland is to be 
dissected and particularly when such dissection occurs 
near the portal triad. The common hepatic artery tra-
verses the superior border of the pancreas toward the 
portal triad. It divides to form the proper hepatic artery 
and the gastroduodenal artery. The gastroduodenal 
artery descends retrograde and within the gland itself. 
In about 15% of cases, there is an aberrant right hepatic 
artery directly off the superior mesenteric artery. 
Whether this artery is replaced or aberrant is difficult 
to determine at the time of surgery; therefore, the artery 
must be carefully preserved. The venous drainage sys-
tem includes the splenic vein and the portal vein. This 
anatomy is familiar to any surgeon who performs pan-
creatic surgery.

18.2  General Complications Associated 
with Pancreatic Surgery

Whenever the pancreas is injured, incised, or inflamed, 
the pancreatic ducts are disrupted. When pancreatic 
secretions leak into the retroperitoneal space or into the 
true peritoneal cavity, complications will include fluid 
collections, abscess, or fistula. If the enzymes erode 
into blood vessels, the complication is hemorrhage. The 
other main difficulty occurs with repeated insult, which 
results in scar formation within the pancreas; this scar-
ring causes biliary obstruction, obstruction of the pan-
creatic duct, or both.

18.2.1 Fluid Collections and Pancreatic Pseudocyst

Understanding fluid collections is particularly impor-
tant because the nomenclature can be confusing. In 
2008, a group of pancreatic experts convened the Acute 
Pancreatitis Working Group and redefined the 1992 
Atlanta Classification, given the new advancements in 
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FIGURE 18.1
Anatomy of pancreas.
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diagnostic and management techniques. Appropriate 
terms for various peripancreatic fluid collections have 
been established [5]. These definitions are very impor-
tant in discussions of treatment. Acute peripancreatic 
fluid collections occur within the first 4 weeks after 
the onset of interstitial edematous pancreatitis, aris-
ing presumably from local edema related to pancreatic 
inflammation or from a rupture of the main duct or a 
small peripheral pancreatic ductal side branch. Most of 
these fluid collections remain sterile and reabsorb spon-
taneously. If the fluid collection is clinically associated 
with acute pancreatitis, the appropriate initial therapy 
is observation because many of these fluid collections 
will resolve. Aspiration or CT-guided drainage is not 
recommended.

A pseudocyst develops from an acute peripancre-
atic fluid collection that persists for over 4 weeks and 
is defined as a “well-circumscribed, usually round or 
oval, homogenous fluid collection surrounded by a well-
defined wall with no associated tissue necrosis within 
the fluid collection” [5] (Figure 18.3). The fluid in these 
cysts is rich in pancreatic enzymes and is usually ster-
ile. Importantly, the 2008 Working Group redefined an 
infected pancreatic pseudocyst as containing purulent 
liquid without an associated solid component (necrosis), 
differentiating it from infected postnecrotic pancreatic 
fluid collections (PNPFC) and infected walled-off 
pancreatic necrosis (WOPN). PNPFC are seen in patients 
with acute necrotizing pancreatitis and contain both 
fluid and necrotic contents. An interface between the 
adjacent viable tissue and the necrosis develops as the 
PNPFC matures and a thick wall without epithelial lin-
ing is seen, giving rise to a WOPN [5]. Both PNPFC and 
WOPN may be sterile or infected.

It is crucial to remember that any cystic lesion of 
the pancreas must be suspected to be a cystic neo-
plasm before it is erroneously labeled a pseudocyst. 
Endoscopic or surgical therapy should be considered 
for collections that have a definite wall, have been pres-
ent for more than 6 weeks, and are larger than 6 cm in 
diameter. In Bradley’s classic study [6], 40% of pseu-
docysts that had been present for less than 6 weeks 
resolved with a complication rate of 20%, whereas 
pseudocysts that had been present for more than 12 
weeks did not resolve and were associated with a com-
plication rate of 67%.

18.2.2 Pancreatic Abscess

Pancreatic abscesses occur in 2%–9% of cases of 
acute pancreatitis [7]. Abscesses are more common 
among patients with pancreatitis resulting from gall-
stones or trauma lower in association with alcoholic 
pancreatitis [8]. It is important to understand that pan-
creatic abscess and infected pancreatic necrosis are two 
separate entities. Both conditions will be associated 
with symptoms such as fever, leukocytosis, and intesti-
nal ileus; however, a pancreatic abscess will be seen on 
CT scans as a fluid collection with air.

In select cases, when abscesses are localized and 
accessible, percutaneous drainage can be performed. In 
such cases, the fluid in the abscess should be cultured, 
and treatment with appropriate antibiotics should be 
initiated. If the fluid collection is not amenable to per-
cutaneous drainage, endoscopic transgastric drainage 
may be performed [9]. However, some cases will require 
operative exploration and drainage of the abscess via 
a video-assisted retroperitoneal approach or standard 
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FIGURE 18.2
Pancreatic ductal variants: (a) normal (60%), (b) regression dorsal duct (<10%), (c) functional divisum (<10%), and (d) divisum (15%).
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open approach [10]. The mortality rate associated with 
this condition is approximately 5%, a rate lower than 
that associated with pancreatic necrosis [11].

18.2.3 Pancreatic Necrosis

Unlike pancreatic abscesses, which are localized, pan-
creatic necrosis is associated with inflammation that 
spreads throughout the retroperitoneum with massive 
release of cytokines. Pancreatic necrosis runs a more 
indolent course than pancreatic abscess. The agents 
typically responsible for the condition include, in the 
order of frequency, Escherichia coli, Staphylococcus aureus, 
Pseudomonas aeruginosa, and Enterobacter species [11].

Necrosectomy is reserved for cases of infected pan-
creatic necrosis or significant sterile necrosis that is 
unresponsive to aggressive care and organ support 
in the intensive care unit (ICU), but the effectiveness 
of necrosectomy in sterile necrosis is still intensely 
debated [12]. After the onset of symptoms, pancreatic 
necrosectomy is usually performed within 2–4 weeks 
of a severe episode. Earlier intervention is less ben-
eficial because the pancreatic tissue is still formed and 
is impossible to debride. After a short period of time, 
ongoing injury, infection, and necrosis will soften and 
liquefy the gland.

The approach to pancreatic necrosectomy has evolved 
recently. Santvoort et al. study advocates for a minimally 

invasive approach that may be beneficial when com-
pared to standard open approach in terms of preventing 
surgery and both short-term and long-term complica-
tions. The minimally invasive “step-up approach” has 
been described with the first step being percutaneous 
or endoscopic transgastric drainage followed by the 
second step of operative drainage via video-assisted 
retroperitoneal debridement with postoperative lavage 
[10]. Using electrocautery, a fenestration is cut around 
the catheter to permit the insertion of a laparoscope 
into the cavity. Necrosectomy is then performed with 
laparoscopic grasping forceps. After necrosectomy, 1–3 
large-bore drains were inserted into the cavity and left 
in place until full resolution of the pancreatic necrosis 
and then removed [13].

Open necrosectomy may be performed via bilateral 
subcostal incision or midline incision, drainage through 
the gastrocolic omentum or through the transverse 
mesocolon, open packing or continuous lavage, and 
closed treatment [14]. The main principles of the proce-
dure are adequate first-time debridement and drainage 
of the lesser sac.

Crucial to any pancreatic debridement is placement of 
a postpyloric or jejunal feeding tube [12]. Enteral nutri-
tion is the preferred method of feeding. Prospective 
randomized trials indicate that this type of feeding 
decreases the incidence of septic complications [15]. 
Cholecystectomy with T-tube drainage is often difficult 

FIGURE 18.3
CT scan of patient with giant pancreatic pseudocyst as a late sequelea of pancreatitis. Stomach is compressed anteriorly.
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and is performed only if gallstones caused the pancre-
atitis. If the inflammation is too severe for the safe per-
formance of cholecystectomy, then a cholecystostomy 
provides drainage and later access for interventional 
techniques. Gastrostomy, rather than a nasogastric tube, 
can be used selectively for decompression.

Necrotizing pancreatitis is associated with an 8%–39% 
rate of death [10]. The mortality rate associated with 
infected pancreatic necrosis is 100% when the condition 
is not treated with surgery and approximately 11%–39% 
when it is treated with surgery [10]. The morbidity rate 
of operative management is 34%–95%; 30% of patients 
require an additional surgical procedure, and 20% expe-
rience major organ failure [14]. These complex cases test 
the surgeon’s skills to the fullest.

18.2.4 Hemorrhage

The pancreas is intimately associated with the abdomi-
nal vascular structures. Penetrating injury to the pan-
creas alone carries an estimated mortality rate of 5% 
[16]; however, isolated injury is an exception, and the 
mortality rate increases to 34% when the injury is asso-
ciated with vascular injury [17]. Blunt pancreatic injury 
requires a substantial kinetic force. At times, this force 
can result in an isolated injury, but it is more often asso-
ciated with multiple injuries with subsequent risk of 
hemorrhage.

After major elective procedures for resection, 2%–4% 
of patients experience hemorrhage. In this situation, 
either a technical error in hemostasis or an erosion of 
a vessel resulting from leakage of pancreatic enzymes 
has occurred [18]. Both situations require prompt opera-
tive intervention; when vessel erosion is involved, it is 
crucial to rule out anastomotic leak as the cause of the 
hemorrhage.

Hemorrhage resulting from pancreatitis is rare but 
lethal. With this condition, hemorrhage occurs as the 
result of erosion of a major vessel or rupture of a pseu-
doaneurysm, although it is most common after the for-
mation of a pseudocyst. The incidence of hemorrhage 
associated with pseudocyst is 1%–2.5%, and approxi-
mately 10% of patients who experience such hemor-
rhage will have chronic pancreatitis with angiographic 
evidence of pseudoaneurysms [18]. The splenic artery 
or its branches are the most common sites of bleeding 
[19]. Angiographic embolization is the key tool in the 
management of this problem; it identifies the source of 
bleeding in 90% of cases. Resection is exceptionally dif-
ficult in the acute situation.

When hemorrhage occurs among patients with 
chronic pancreatitis, the presentation is usually less 
dramatic, but is nonetheless extremely serious. If pseu-
doaneurysm erodes into the pancreatic ductal sys-
tem, the result is a condition known as “hemosuccus 

pancreaticus,” which causes blood to drain from the 
ampulla, as shown by endoscopic retrograde cholangio-
pancreatography (ERCP). In such cases, initial diagnosis 
and treatment require angiography and embolization.

18.2.5  Biliary or Pancreatic Duct 
Obstruction/Stricture

Jaundice is a common complication of pancreatic sur-
gery, trauma, or acute pancreatitis. Among patients 
with chronic pancreatitis, biliary obstruction result-
ing from intrapancreatic scar tissue causes jaundice 
and often requires surgical correction by either a local 
resection of the pancreatic head or a biliary bypass pro-
cedure. Occasionally, a patient may have both a pseudo-
cyst and jaundice. Treatment of the pseudocyst relieves 
extrinsic biliary obstruction, but when chronic scarring 
causes the biliary obstruction, a drainage procedure is 
indicated [20].

Persistent jaundice in a patient with acute pancreatitis 
suggests the need for evaluating the ductal system with 
ERCP or magnetic resonance cholangiopancreatogra-
phy (MRCP) so that choledocholithiasis or other causes 
of mechanical obstruction, such as tumor or stricture, 
can be ruled out. The technological advances made pos-
sible by ERCP and MRCP have largely replaced transhe-
patic cholangiography [21,22].

After pancreatic resection of the head of the pancreas, 
jaundice is uncommon and suggests a technical prob-
lem with the biliary–enteric anastomosis.

18.2.6 Fistula

Pancreatic fistulas can be internal or external and are the 
result of unrecognized ductal injury, leakage, or rupture 
of a pseudocyst. Internal fistulas within the peritoneal 
cavity are classified as pancreatic ascites. This condition 
is uncommon but produces peritoneal fluid that is rich 
in amylase. Fistulas can also communicate to the pleural 
cavity. Most fistulas are external and track along previ-
ous drain sites. The fluid they produce is grey, thin, foul 
smelling, and rich in amylase. It is relatively innocuous 
to the skin because the zymogens have not yet been 
activated. Pancreatic fistulas that coexist with biliary or 
gastric secretions are more caustic because the zymo-
gens have been activated.

Initial treatment involves controlling external drain-
age and treating the associated sepsis. ERCP documents 
the integrity of the ductal system. Generally, when a fis-
tula is persistent, a ductal leak has occurred. Performing 
a sphincterotomy, placing a pancreatic stent, or both will 
decrease the time required for healing [23]. If the leak is 
distal or persistent, a distal resection is required.

After distal resection of the pancreas, the rate of duc-
tal leakage is approximately 20% [24]. As many as 90% 
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cases of ductal leakage will heal with closed suction 
drainage [25]. When the output is high or persistent, 
ERCP provides additional information. Reasons for fail-
ure to close include proximal stricture, stone, or plug; 
epithelialization of the tract; or superinfection of the 
pancreatic fluid. Leakage of a pancreatic anastomosis 
occurs in approximately 10% of cases and is controlled 
with prolonged drainage. With current techniques of 
percutaneous drainage, parenteral nutrition, sphincter-
otomy, and pancreatic stent, many of these fistulas heal 
without the need for operative management.

Administering octreotide can decrease the volume 
or output of the fistula, but such treatment does not 
shorten the time required for closing off the fistula [26].

18.2.7 Exocrine Insufficiency

Loss of exocrine function is a common problem among 
patients with chronic pancreatitis. Forty percent of 
these patients have some exocrine insufficiency [27]. 
Consequently, surgical procedures for chronic pancre-
atitis, especially resection, invariably result in some 
level of exocrine insufficiency. Patients who undergo 
these procedures are usually discharged from the 
hospital with pancreatic enzyme supplementation. 
Pancreaticoduodenectomy is associated with a 20%–30% 
risk of symptomatic exocrine insufficiency [28]. This risk 
is obviously higher after subtotal pancreatectomy and is 
100% after total pancreatectomy. Symptoms of exocrine 
insufficiency are gas bloating, postprandial cramping, 
and foul, loose stools (steatorrhea). Acute pancreatitis, 
pancreatic trauma, and distal resection usually do not 

result in exocrine insufficiency. Fortunately, when this 
diagnosis is confirmed, the treatment is straightfor-
ward. Commercially available enzyme supplements, 
given orally and titrated to effect, are suggested.

18.2.8 Diabetes Mellitus

Approximately 80%–90% of a normal pancreas can be 
resected without causing endocrine insufficiency [29]. 
Diabetes mellitus develops spontaneously among 30% 
of patients with chronic pancreatitis [30]. In these cases, 
the pancreas is atrophic and fibrotic; resection of 50% of 
the organ can result in diabetes. Acute pancreatitis and 
traumatic pancreatic injury rarely result in endocrine 
insufficiency.

18.2.9 Debilitating Pain

Many patients experience debilitating pain from 
chronic pancreatitis. This complication is often treated 
with longitudinal pancreaticojejunostomy (LPJ). In such 
cases, the pancreas, after years of chronic inflamma-
tion, is fibrotic and scarred. As a result, incision, biopsy, 
and anastomosis are easier to perform, and the firm 
gland will hold a suture. During LPJ, the pancreatic 
duct is opened throughout its entire length. It is crucial 
to remove all stones and debris within the duct before 
anastomosis of the jejunum is performed. LPJ is a rela-
tively safe procedure. Leaks are uncommon but can be 
controlled with closed suction drainage.

Nevertheless, LPJ often fails to achieve 100% pain 
relief (Table 18.1) [31–34]. Some surgeons believe that the 

TABLE 18.1

Results of Classic and Extended Resection for Chronic Pancreatitis

Results

Pylorus-Preserving 
Pancreatoduodenectomy

Partial 
Pancreatoduodenectomy

Longitudinal 
Pancreaticojejunostomy 

Combined with Local 
Pancreatic Head Excision

Duodenum-
Preserving 

Resection of the 
Head of the 

Pancreas
(Stapleton and 

Williamson [31]) (n = 45)
(Saeger et al. [32]) 

(n = 111)
(Frey and Amikura [33]) 

(n = 50)
(Buchler et al. [34]) 

(n = 298)

Pain relief or substantial 
alleviation (%)

80 79 75 88

Hospital morbidity rate (%) 47 10 22 29
Hospital mortality rate (%) 0 1 0 1
Late mortality rate (%) 7 10 4 9
Endocrine insufficiency rate (%) 37 39 11 2
Exocrine insufficiency rate (%) 80 40 11 —
Increase of body weight (%) 
>5 kg

100 77 64 81

Occupational rehabilitation 
rate (%)

— 66 32 63

Follow-up period (years) 2–12 0.5–16.0 2–9 1–22

Source: Jones, R.C., Am. J. Surg., 150(6), 698, 1985; Moore, E.E. et al., J. Trauma, 30(11), 1427, 1990; Patton, J.H., Jr. et al., J. Trauma, 43(2), 234, 1997; 
Peitzman, A.B. et al., J. Trauma, 26(7), 585, 1986.
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clearance of the proximal duct in the head of the gland 
is important for pain control. Thus, they advocate resec-
tion in combination with LPJ [35]. Others believe that 
the pancreatic head is the pacemaker for the pain associ-
ated with this disease.

18.3  Complications of Surgery for 
Pancreatic Pseudocyst

Once surgical intervention is required for a patient with 
a persistent pseudocyst, the first decision to be made is 
whether an endoscopic or an open procedure will be 
performed. Advancements in endoscopic techniques 
have lead to successful use of transpapillary stenting 
and transmural drain placement for the treatment of 
duct disruptions. With transpapillary stenting, heal-
ing is accomplished by covering the damaged duct by 
bridging the disruption or by traversing the pancreatic 
sphincter, which converts a high-pressure system to a 
low-pressure pancreatic duct system from a, allowing 
preferential flow through the stent/drain. Transmural 
drainage has further developed to allow internal drain-
age of most retrogastric and retroduodenal pseudocysts 
and has evolved to include endoscopic ultrasound as a 
standard procedure to localize the cyst, identify poten-
tial intervening blood vessels, and locate the optimal 
site for puncture and stent/drain placement. With direct 
visualization, cautery is used to enter the cyst. One or 
more stents are placed to create either a cystgastrostomy 
or a cystduodenostomy [36,37]. Complications occur in 

18%–19% patients and include bleeding, leakage, par-
ticularly when the pseudocyst is not adherent to the 
viscera, infection of the collection, stent migration into 
the pseudocyst, and pneumoperitoneum [37]. Therefore, 
careful patient selection is crucial.

18.3.1 Cystjejunostomy and Cystgastrostomy

Cystgastrostomy is a useful procedure when retro-
gastric pseudocysts are adherent to the stomach wall, 
which they are in most cases. However, approximately 
11% of these pseudocysts are not adherent to the stom-
ach wall [6], and in such cases, the better option is to 
perform a Roux-en-Y cystjejunostomy.

Occasionally, the diagnosis of pseudocyst is errone-
ous (Figure 18.4). For this reason, a biopsy of the cyst 
wall should be performed. A true pseudocyst consists 
of a fibrous wall but no epithelium. If the sample con-
tains epithelium, the lesion is instead a cystic neo-
plasm, and it must be resected. If examination of the 
internal aspect of the pseudocyst reveals frond-like 
papillary projections, a cystic neoplasm must be 
suspected.

Leakage from the anastomosis may occur but can be 
prevented by good technique and closed suction drain-
age. Recurrence rates are less or equal to 5%.

18.3.2 Cystduodenostomy

Cystduodenostomy is infrequently performed to treat 
pseudocysts; it is indicated only for cysts that are 
clearly located in the head of the pancreas, where drain-
age through the posterior duodenal wall provides the 

FIGURE 18.4
Papillary cystic tumor in a young female with no previous history of pancreatitis. Notice heterogeneous frond-like projections into the cyst.
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best access. This procedure can be performed endo-
scopically, although cysts larger than 10 cm in diam-
eter should be drained with a cystjejunostomy. When 
a patient with jaundice experiences a pseudocyst in the 
head of the pancreas, relieving the pseudocyst may or 
may not relieve the jaundice, and a biliary bypass pro-
cedure may be required. Liberal intraoperative use of 
cholangiography ensures relief of the obstruction.

Complications of cystduodenostomy include injury to 
the bile duct, gastrointestinal bleeding, and duodenal 
leakage. The use of closed suction drainage is prudent 
in most cases, especially when the duodenal closure is 
difficult. Injuries to the bile duct can be prevented by 
carefully identifying the ampulla and placing a stent 
into that structure.

18.3.3 Resection

Resection is the procedure of choice when distal pan-
creatic pseudocysts are small and are the result of focal 
pancreatitis in the tail of the gland. Such resections 
are difficult because of inflammation and desmoplas-
tic reaction. Preserving the spleen is normally very 
difficult; the surgeon contemplating distal resection 
of pseudocysts should plan to perform a splenectomy 
in conjunction with distal pancreatectomy. The most 
common intraoperative complication is bleeding from 
the multiple aneurysmal, dilated arteries, and veins. 
Careful hemostasis and ligation of the pancreatic duct 
at the margin of resection are crucial. Another serious 
complication of resection is postoperative leakage of the 
pancreatic duct. When distal resection is contemplated, 
preoperative ERCP is prudent because there may be 
strictures in the proximal duct.

The rate of leakage in association with distal resec-
tion is higher if the proximal duct is obstructed. In such 
cases, a stent should be placed preoperatively. Should 
a postoperative pancreatic fistula develop, it will close 
spontaneously with closed suction drainage. If the fis-
tula persists, ERCP may be helpful in defining proximal 
obstruction.

18.4  Complications of Surgery 
for Pancreatic Trauma

Penetrating trauma from either a bullet or a blade can 
injure the pancreas. The mortality rate directly attribut-
able to pancreatic injury is approximately 5%, but can be 
as high as 40%–50% with concomitant vascular injuries. 
Blunt pancreatic trauma usually results from the appli-
cation of blunt force to the midabdomen. Approximately 
70%–90% of patients with pancreatic trauma will have 
other injuries in the abdomen [38]. Mortality rates asso-
ciated with blunt trauma range from 10%–30%, depend-
ing on associated injuries [39,40] (Table 18.2). Because 
many of these injuries are found intraoperatively rather 
than by a preoperative workup, the surgeon must be 
very familiar with the pancreatic anatomy so that any 
injury can be exposed and treated. Two important intra-
operative questions must be answered: whether pan-
creatic injury is combined with duodenal injury and 
whether the pancreatic duct is disrupted. These factors 
are the key determinants of outcome for patients with 
pancreatic trauma.

In general, patients with pancreatic trauma have a 30%–
40% likelihood of experiencing hemodynamic instabil-
ity; patients often require operative intervention without 
a preoperative workup. In cases of penetrating trauma, 
simply following the trajectory of the missile leads to 
the diagnosis of a pancreatic injury. In the case of blunt 
trauma, examination of the pancreas includes complete 
opening of the lesser sac. If a contusion, hematoma, or 
swelling is seen, the pancreatic capsule must be opened 
because complete transection of the pancreatic tissue can 
occur even if the capsule is intact. Some surgeons hesitate 
to explore pancreatic hematomas that are not expanding 
or are not actively hemorrhaging; however, a thorough 
examination markedly decreases the morbidity rates 
associated with a missed pancreatic injury.

Intraoperative assessment of the integrity of the 
pancreatic duct is crucial when an injury to the 
gland is found. The surgeon must be confident in 

TABLE 18.2

Pancreatic Organ Injury Scale

Grade Type Injury Description ICD-9 AIS-90

I Hematoma Minor contusion without ductal injury 863.81–863.84 2
Laceration Superficial laceration without ductal injury 2

II Hematoma Major contusion without ductal injury or tissue loss 863.81–863.84 2
Laceration Major laceration without ductal injury or tissue loss 3

III Laceration Distal transection or parenchymal injury with ductal injury 863.81–863.84 3
IV Laceration Proximal transection or parenchymal injury involving ampulla 863.91 4
V Laceration Massive disruption of the pancreatic head 863.91 5

Source: Sohn, T.A. et al., J. Gastrointest. Surg., 4(6), 567, 2000.
Note: ICD-9, International Classification of Disease 9th Revision; AIS-90, Abbreviated Injury Scale.
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performing various maneuvers that help determine 
whether a ductal injury is present. A ductal injury is 
easier to see when direct inspection of the wound is 
accompanied by systemic injection of cholecystokinin 
or secretin to stimulate pancreatic enzyme secretion. 
Another radiologic technique that can aid in visualiz-
ing the pancreatic duct is transcholecystic cholangiog-
raphy, with concomitant intravenous administration 
of morphine to cause ampullary contraction. Most 
surgeons are comfortable with this simple technique, 
which is a good first choice. Less commonly used is 
duodenotomy with injection through the ampulla. 
A more reasonable option is to transect the very 
distal tip of the pancreas and cannulate the duct 
distally. The trauma surgeon dealing with pancreatic 
trauma should be capable of performing all of these 
techniques.

18.4.1 Injuries to the Left Side of the Pancreas

Pancreatic injuries to the left side of the portal vein, 
including those to the neck, body, and tail, are more 
straightforward in their management than are proximal 
injuries. Usually the duodenum is not injured. In cases 
of penetrating trauma, gastric and colonic injuries are 
common. The main intraoperative decision is determin-
ing whether the duct is intact. If there is no ductal dam-
age, simple drainage is appropriate. However, if there is 
any question of a ductal injury with penetrating trauma, 
a distal resection is necessary. Resections to the left of 
the portal vein include approximately 60% of the pan-
creas, and most patients who undergo such procedures 
will not experience postoperative endocrine or exocrine 
deficiencies. In a number of series, resection for ductal 
injury rather than drainage decreased the mortality and 
morbidity rates [3].

Complications associated with this procedure include 
pseudocyst formation, pancreatic leak from the resec-
tion line, and the rare hemorrhage or abscess. Closed 
suction drainage controls pancreatic leaks, 90% of which 
will heal.

18.4.2 Injuries to the Right Side of the Pancreas

Injuries to the head or the right side of the gland 
range from simple contusions to severe combined 
duodenal and pancreatic injuries requiring pancre-
aticoduodenectomy. In truth, a Whipple procedure is 
rare in trauma surgery because simpler techniques 
are usually adequate. More commonly, when both 
the duodenum and the pancreas are injured by pen-
etrating trauma, the duodenal injuries can be man-
aged with standard techniques of either primary pair 
or diversion, and the pancreatic injury can normally 
be drained. If the ampulla is available, that is, if the 

duodenum is already lacerated by the injury, injec-
tion for pancreatic duct visualization is an important 
adjunct. Recent reports advocate drainage of any prox-
imal pancreatic injury, with or without ductal injury, 
because the magnitude of the resection is so large that 
delayed or staged operations can be performed should 
a leak persist [41]. Closed suction drainage, anterior 
and posterior to the gland, is performed after “kocher-
ization” of the duodenum.

18.4.3 Delayed Presentation of Pancreatic Injuries

Patients who do not undergo emergent surgery may 
exhibit delayed presentation of pancreatic injury, par-
ticularly in cases of blunt trauma. Patients with blunt 
abdominal trauma, if their condition is stable, are eval-
uated with ultrasound for the presence of free fluid. 
If the results of the ultrasound are positive or if the 
patient experiences persistent tenderness, a CT scan is 
performed with the sensitivity of detecting pancreatic 
injury of 80% [42].

Measurements of serum amylase activity are not very 
effective in diagnosing pancreatic trauma, except in one 
situation. If the serum amylase activity is normal when 
measured more than 3 h after injury, the negative pre-
dictive value of this result is approximately 95% [43]. An 
elevation in amylase activity is not a reliable indicator 
of injury. The findings of CT scans can indicate contu-
sion, fluid, hematoma, or obvious fracture (Figure 18.5). 
If the patient’s condition seems to be improving, the 
injury is probably a contusion that can be treated by 
observation. A few such patients may later experience 
pseudocysts, but these problems can be managed later. 
If the patient’s condition is not improving, the integrity 
of the duct must be evaluated. In this situation, post-
traumatic ERCP is indicated for diagnostic purposes. 
If the duct is intact, no therapy is needed. If the duct 
is injured, particularly distally, surgical intervention is 
advised and should include distal resection. Pancreatic 
stenting is not advised for the acute trauma patient, 
although some case reports have suggested limited 
success [44].

18.4.4 Surgical Complications

The complications associated with all of these pro-
cedures are similar to those associated with elective 
resection. (See above) The most severe complication is 
operating on a patient with trauma to the pancreas but 
failing to recognize the injury. Wide drainage should be 
instituted for all patients with pancreatic injuries, and 
appropriate resection should be performed for those 
with ductal injury. Postoperative problems include 
bleeding with hematoma formation, pseudocyst, and 
the rare abscess.



192 Complications in Surgery and Trauma

© 2008 Taylor & Francis Group, LLC

18.5 Complications of Surgery for Cancer

18.5.1 Pancreatic Biopsy

Currently, pancreatic tissue obtained by biopsy can be 
examined with either radiologic or surgical techniques. 
Radiologic procedures include fine-needle aspiration 
(FNA). Complications associated with this technique 
are uncommon. Biopsy material can also be obtained by 
endoscopic ultrasonography. Intraoperative techniques 
used to obtain pancreatic tissue include laparoscopic or 
open surgical biopsy, either directly into the pancreas by 
FNA or a core needle, or via a transduodenal route with 
a true-cut needle. The duodenum is kocherized to lift 
the head of the pancreas, and the 16 g true-cut needle 
is passed through the second portion of the duodenum 
into the pancreas. This technique allows any leakage 
from the pancreatic biopsy site to go into the duodenum; 
a single suture is placed at the site of duodenal penetra-
tion. When the lesion is in the body or tail of the pancreas, 
a direct biopsy should be performed. Wedge biopsies 
should be avoided unless the lesion can be completely 
enucleated. Careful attention to the anatomy of the duct 
is necessary if serious ductal injury is to be avoided.

Complications after a biopsy are rare. The most feared 
complication of pancreatic biopsy is pancreatitis [45], 
which occurs in 1% of cases and can, at times, be severe. 
As in the treatment of acute pancreatitis, supportive 
care should be sufficient.

18.5.2 Distal Resection

Distal resections for pancreatic cancer are generally 
uncommon because tumors in the body and the tail of 
pancreas are usually found too late to allow curative 
resection. However, in these rare cases, distal resection 
with a good margin is the appropriate operation when 
possible. Tumors other than adenocarcinomas, such as 
slowly growing cystic neoplasms or neuroendocrine 
tumors are good candidates for this procedure. Within 
the last 10–15 years, there have been developments in 
laparoscopic surgery with increased expertise and 
manufacturing new surgical devices that have allowed 
the progression of laparoscopic pancreatic surgery. A 
number of series have demonstrated good technical 
success of minimally invasive distal pancreatectomy 
(Table 18.3) [46]. Distal pancreatectomy for benign or 
low-grade malignant tumors represent the majority of 
pancreatic resections performed laparoscopically [46]. 
Laparoscopic distal pancreatectomy is characterized by 
improved postoperative short-term outcomes compared 
to open surgery. Resection is typically performed using 
3–5 (5-mm) ports and a supraumbilical 5- to 12-mm port.

When performing open distal pancreatectomy, care-
ful ligation of the main pancreatic duct is important for 
preventing leaks from the pancreatic duct. Several tech-
niques are available for closing the pancreatic stump, 
including horizontal mattress sutures and staplers. 
Whichever method is chosen, independent ligation of the 
main pancreatic duct is crucial. Operations that attempt 

FIGURE 18.5
Pancreatic neck transection after blunt trauma (arrow). Also, the left kidney devascularized, with no contrast.
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splenic preservation are more time-consuming and more 
meticulous than distal resection because of the need for 
dissection of the small venous tributaries that come off 
the splenic vein. Oncologically, for adenocarcinoma, 
the procedures of choice are distal pancreatectomy and 
splenectomy. Complications include pancreatic leakage 
(which can be controlled with closed suction drainage), 
bleeding, abscess, or pseudocyst formation.

18.5.3 Proximal Resection

A number of techniques may be used for resecting 
cancers of the pancreatic head, including the stan-
dard Whipple procedure. The proximal resection has 
changed rapidly during the past 15–20 years; most of the 
improvement has occurred in perioperative, operative, 
and postoperative management. The mortality rate asso-
ciated with this procedure, which was once 20%–30%, 
is now routinely 2%–5% for experienced surgeons [47]. 
The morbidity rate, however, is still approximately 30%.

18.5.4 Preoperative Considerations

Patients who are to undergo a large procedure such as 
cancer resection must be in good physiologic condition 
at the time of surgery. The patient’s nutritional status is 
also important. The evidence indicates that preoperative 
treatment with octreotide does not decrease the inci-
dence of postoperative pancreatic fistula. Preoperative 
biliary decompression neither decreases nor increases 
the rate of serious postoperative complications [48].

18.5.5 Intraoperative Therapy and Pitfalls

The details of pancreaticoduodenectomy will not be 
discussed here, but several pitfalls associated with this 
surgical procedure will be highlighted.

18.5.6  Inadvertent Ligation of 
Hepatic Blood Vessels

Hepatoduodenal dissection involves dissection of the 
hepatic artery from the common bile duct so that the 
posterior portal vein can be exposed. Such an exposure 
is achieved by dividing and ligating the gastroduode-
nal artery. Inadvertent ligation of the proper or com-
mon hepatic artery is lethal. Avoiding this complication 
requires dissecting the gastroduodenal artery to its ori-
gin. If the hepatic artery is transected, reanastomosis 
with good vascular technique is mandatory. In approxi-
mately 10%–15% of patients, a right hepatic artery may 
originate from the SMA; this artery is seen in the poste-
rior aspect of the portal triad, tracking posterior to the 
portal vein. This artery must be preserved.

18.5.7 Injury to the Superior Mesenteric Vein

The superior mesenteric vein (SMV) is usually dissected 
from below the pancreatic neck. Injury to this vein dur-
ing dissection can be difficult. Should such an injury 
occur, bimanual pressure should be applied while the 
pancreatic neck is divided so that the bleeding from the 
SMV below can be controlled.

18.5.8 Leaks from the Pancreatic Anastomosis

The most difficult and problematic anastomosis associ-
ated with pancreaticoduodenectomy is reconstructing 
the cut ends of the pancreas and the jejunum. Current 
standard is the “duct to mucosa” technique. With good 
technique and fibrotic gland in experienced hands, the 
leak rate is less than 10%. If the duct is small or gland is 
soft, then a good option is to perform a pancreaticogas-
trostomy by invaginating the pancreatic stump into the 
back of the stomach.

TABLE 18.3

Series Demonstrating Good Technical Success of Minimally Invasive Distal Pancreatectomy

Author/Year n DP-AS DP-WOS OR Time (min) EBL (mL)
Conversion 

(%)
Mortality 

(%)
Morbidity 

(%)
Pancreatic 
Fistula (%)

LOS 
(Days)

Mabrut (2005) 98 24 58 95 (90–200)DPAS

200 (65–400)DPWOS

NR 10 0 53 16 7

Fernandez 
Cruz (2007)

82 30 52 NR NR 7 0 20 9 7

Kim (2008) 93 56 38 195 (82–453) NR 0 0 24.7 8.6 10
(5–36)

Kooby (2008) 159 109 50 233 ± 39 371 ± 526 13 0 40 26 5.9 ± 3.7
Weber (2009) 219 NR NR 245 ± 108 NR 10 0 39 23 5.6 ± 3.3
Rosok (2010) 117 80 37 185.5 (100–690)DPAS

210 (88–237)DPWOS

200DPAS

100DPWOS

7.5DPAS

0DPWOS

NR NR 11DPAS

8DPWOS

5
(1–35)

Source: Addeo, P. and Giulianotti, P.C., Miverva Chir., 65(6), 655, 2010.
Note: DPAS, distal pancreatectomy and splenectomy; DPWOS, distal pancreatectomy without splenectomy.
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18.5.9 Postoperative Complications

A number of large series demonstrate substantial 
improvement in the mortality and morbidity rates 
associated with pancreatic resection. Two large series 
report a mortality rate of 2% and a morbidity rate of 30% 
(Table 18.4) [47,49–51].

The most feared complication of this procedure is 
pancreatic fistula resulting from leakage at the anas-
tomosis. This complication occurs in approximately 
5%–15% of cases, but can often be controlled with closed 
suction drainage. The problem is more difficult to treat 
if both enteric fluid and pancreatic fluid are draining; 
in such cases, a larger disruption of the pancreaticojeju-
nostomy should be suspected, and a repeated operation 
is indicated. Additionally, if the fluid from a pancreatic 
fistula becomes bloody after initially being clear, a sec-
ond operation should be strongly considered because 
this finding suggests inflammation and erosion of sur-
rounding vessels. In two large series, the rate of reopera-
tion was approximately 4%; the second procedure was 
performed largely because of bleeding.

Delayed gastric emptying (DGE) is a nuisance problem 
that occurs in approximately 15%–30% of cases [49] and 
is the most commonly observed complication. Routinely 
administering erythromycin postoperatively reduces 
the incidence of DGE from 30%–19% [52]. Even if gastric 
atony persists for more than 3 weeks, reoperation is not 
recommended until a full 6 weeks have passed without 
improvement. Postoperative upper endoscopy shows 
a patent anastomosis. The problem is related to func-
tional gastroparesis caused by disruption of the gastric 

pacemaker. When a patient requires delayed reopera-
tion because of persistently poor gastric emptying, the 
gastrojejunostomy should be revised with a larger resec-
tion of the stomach and a Roux-en-Y reconstruction.

Another complication of pancreatic resection is bile 
leakage, which usually resolves within 48 h postoper-
atively and is purely a technical problem. Cholangitis 
occurs in a small percentage of cases; wound infec-
tion and abdominal abscess occur in 3%–5% of cases. 
The average length of stay for a large series of patients 
undergoing pancreatic resection was 10–15 days.

18.5.10 Total Pancreatectomy

Total pancreatectomy is not commonly performed for 
adenocarcinoma, but patients with positive intraopera-
tive pancreatic margins after a Whipple procedure may 
be candidates for such an operation. The most common 
indication for total pancreatectomy is probably intra-
ductal papillary mucinous tumors or chronic pain in 
combination with auto islet cell transplantation.

Total pancreatectomy proceeds as with the Whipple 
procedure, but also includes resection of the spleen and 
the distal tail of the pancreas. Reconstruction includes a 
biliary jejunal anastomosis and a gastrojejunostomy or 
a duodenojejunostomy. The biggest difference between 
a total pancreatectomy and a Whipple procedure is that 
total pancreatectomy avoids the need for a pancreatic 
anastomosis and thus also avoids many of the postop-
erative complications associated with the Whipple pro-
cedure. However, the patient will now require insulin 
and pancreatic enzyme substitution unless autotrans-
planted. DGE complicates this procedure, as do biliary 
leaks, cholangitis, bleeding, sepsis, and wound infection. 
Pancreatic fistula is not an issue with pancreatectomy.

The most serious postoperative complications are exo-
crine and endocrine insufficiency. Exocrine insufficiency 
is readily controlled with pancreatic enzyme supplemen-
tation, but control of the endocrine problem is somewhat 
more difficult. With good compliance and some of the 
newer insulin pump technologies, most issues related to 
diabetes are controllable after total pancreatectomy.

Complications

Trauma Pancreatitis General Surgery Trauma

Pancreatitis — 1% after 
pancreatic biopsy

4.3%–23.1% [1]

Pancreatic 
fistula

30% after 
necrosectomy [2]

10%–20% with 
isolated 
pancreatic 
trauma

35% with 
associated 
duodenal 
trauma [3]

TABLE 18.4

Complications of Pancreaticoduodenectomy

Cameron et al. 
[50] (n = 564)

Warshaw et al. 
[51] (n = 489)

Perioperative mortality 2.3% 1%
Overall complications 31% 37%

Specific complications
Reoperation 3% 2%
Delayed gastric emptying 14% 12%
Cholangitis 3% 0.6%
Bile leak 2% 0.8%
Wound infection 7% 5.1%
Pancreatic fistula 5% 11%
Intra-abdominal abscess 3% 1.6%
Pneumonia 1% 1.0%
Pancreatitis 1% —

Postoperative length of stay
Mean ± SE 14.0 ± 0.4 days 9.5 ± 0.4 days
Median 11 days 8 days

Source: Balcom, J.H. IV et al., Arch Surg., 136(4), 391, 2001; 
Sohn, T.A. et al., J Gastrointest Surg., 4(6), 567, 2000.
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Trauma Pancreatitis General Surgery Trauma

Pancreatic 
abscess

2%–3% 10% [4] 34% [1]

Pancreatic 
necrosis

10% 2%–5% Rare

Pancreatic 
pseudocyst

10%–20% 5% after Lap 
Chole for 
gallstone 
pancreatitis

1.9%–22% [1]

Hemorrhage 1%–2.5% 2%–4% 2.8%–8.5% [1]
Exocrine 
insufficiency

— 10%–20% with 
pancreaticoduodenectomy

Diabetes 
mellitus

If patient is already diabetic, it will worsen; if 
not, then usually a rare sequelae

Avoiding Complications

Pancreatic 
fistula

Independent ligation of the main pancreatic duct 
when closing the pancreatic stump, although 
stapling techniques are improving as regards distal 
resections. Drain when in doubt.

Anastomotic 
leak

Trauma—use drain.
Distal resection 20% leak—use drain.
Proximal resection depends on quality of 
anastomosis.

Drain when in doubt.
Duct-to-mucosa anastomosis for proximal resections.
Pancreaticogastric anastomosis if pancreas is soft.

Pancreatic 
abscess

Better prognosis than necrosis. Percutaneous drain 
acceptable. Antibiotics required.

Pancreatic 
necrosis

Aggressive supportive care for patients with 
pancreatitis. Recognize 10% can fall into the risk 
group for severe acute pancreatitis.
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19.1 Categories of Splenic Surgery

As surgical procedures, involving the spleen have 
become more commonplace, two basic categories of 
splenic disease have emerged. These are splenic diseases 
that lead to elective surgery and splenic injuries. Splenic 
diseases, which require elective procedures, include 
hematologic disorders and malignancies. Injuries to the 
spleen that can lead to emergent surgery can be blunt, 
penetrating, or iatrogenic.

19.2 Complications of Elective Surgery

An accurate determination of the morbidity and mor-
tality rates associated with elective splenic surgery is 
difficult because of several factors. With laparoscopic 
splenic surgery becoming more prevalent, there is a 
paucity of larger series involving open splenectomies 
over the past several decades. Advances in diagnosis, 
surgical technique, and perioperative care are likely 
to have decreased the complication rates reported in 

some of the earlier studies [1]. Currently, with greater 
reliance on radiological staging and advances in che-
motherapy, staging laparotomy has almost been com-
pletely eliminated as an indication for splenectomy [1]. 
Therefore, older series, which included splenectomies 
done on young, immunologically healthy patients with 
Hodgkin’s disease, may have reported a complication 
rate that is lower than those seen in current practice. 
This may be because this patient population should be 
expected to have a lower rate of complications [1].

The fact that there remain a large number of hema-
tologic indications for splenectomy further compounds 
the difficulty of assessing the morbidity rates of elective 
splenic surgery. Within the larger series, investigating 
both open and laparoscopic elective splenectomies, 
there are multiple disorders included as indications 
for elective splenectomy [1,2]. There are no series, with 
a single indication, that are large enough to elucidate 
specific complications that are associated with a specific 
indication. When the indications for elective splenec-
tomy are grouped into larger categories, splenectomies 
for hematologic malignancies are typically associated 
with overall higher rates of complications and have 
been reported as high as 52% [3]. Myeloproliferative 
disorders are among the malignancies with the highest 
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complication rates. The rate of complications after elec-
tive splenectomy for these disorders has been reported 
to be as high as 58% over the past two decades [1,4]. This 
is not surprising since these patients have a prolonged 
course of disease, increased susceptibility to infection, 
thrombosis, and hemorrhage, as well as severe enlarge-
ment of their spleens. The complication rate after sple-
nectomy for lymphoproliferative disorders has been 
reported around 25% [4]. Elective splenectomy for 
benign diseases, such as idiopathic thrombocytopenic 
purpura (ITP), is associated with a complication rate of 
around 15% [2,4].

19.2.1 Laparoscopic Splenectomy

Laparoscopic splenectomy was first reported by Delaitre 
and Maignien [5]. Since this initial report, there have 
been many advances in laparoscopic techniques and 
equipment. Laparoscopic surgery can be performed 
safely and effectively, with low rates of mortality and 
morbidity. It has now become the “gold standard” for 
elective splenectomy in most circumstances at many 
centers [6,7]. The increased prevalence of the laparo-
scopic approach has changed both the complication 
rates and the specific morbidity rates associated with 
elective splenectomy. Some complications, such as 
physiologic effects of insufflation and trocar injuries, 
arise from laparoscopy in general rather than from its 
application specifically to laparoscopic splenectomy. It 
is the goal of this chapter to address only complications 
related to laparoscopic splenectomy and not laparos-
copy in general.

When laparoscopic and open splenectomy are directly 
compared for hematologic disorders, it is almost invari-
ably shown that the laparoscopic approach is associ-
ated with longer operative times [8–10]. Laparoscopic 
splenectomy, however, has been consistently associated 
with shorter hospital stays and a more rapid return to a 
diet [8–10]. Some reports have suggested a lower opera-
tive blood loss with laparoscopic splenectomy, but this 
trend is equivocal, even in the setting of splenomegaly 
[7,8,10,11].

Even though laparoscopic splenectomy showed dis-
tinct advantages regarding hospital length of stay and 
return to a diet, it is not clear whether it is associated 
with an overall lower rate of complications than open 
splenectomy [9,11]. However, two recent meta-analyses 
have shown laparoscopic splenectomy to be adventi-
tious over open splenectomy with regard to overall 
complication rate (15% vs. 26.6%, respectively). The larg-
est component of this reduction was due to a lower rate 
of pulmonary complications followed by lower rates of 
incisional infections [8,10]. Again, it is difficult to deter-
mine how many deaths were directly related to the sple-
nectomy or from the underlying disease process.

19.3 Complications of Splenic Injury

The treatment of splenic injuries has changed greatly 
over the past several decades. Despite this, the mortal-
ity associated with splenic rupture, especially when 
caused by blunt trauma, ranges from 3% to 37% even in 
the modern era of advanced imaging methods and the 
availability of multiple therapeutic interventions [12]. 
These rates of mortality are likely skewed due to con-
comitant injuries, and it is often difficult to determine 
if a patient’s death was directly attributable to a splenic 
injury alone. Therefore, mortality may be related more 
closely to the severity of injury than to the approach of 
treatment.

The various treatment options are associated with 
their own unique complications. When deciding on a 
course of care, the surgeon must understand the indi-
vidual risks associated with each of the three types of 
general treatment options.

19.3.1 Splenectomy

For the majority of the twentieth century, splenectomy 
was the treatment of choice for all splenic injuries. In 
recent decades, the prevalence of splenectomy after 
splenic injury has decreased. Therefore, the majority of 
contemporary data regarding the complications associ-
ated with this approach were gathered in the 1970s.

Infectious complications are common after splenec-
tomy for trauma. Patients who undergo a splenectomy 
in the setting of traumatic injury experience a postoper-
ative intra-abdominal abscess rate between 6% and 13% 
[13–15]. The overall infection rate among such patients 
ranges from 30% to 45% as compared to 9% to 30% rate 
of infection for those who do not undergo splenectomy 
[13–15]. Even when controlled for severity of injury, 
patients undergoing splenectomy experience higher 
rates of infectious complications (30%–45%) than those 
who have splenic injury and do not undergo splenec-
tomy (9%–30%) [13–15].

19.3.2 Splenorrhaphy

Splenorrhaphy provides many benefits over splenec-
tomy. It prevents the increased risk of overwhelming 
postsplenectomy infection (OPSI) that is seen after sple-
nectomy. Furthermore, splenic repair has generally been 
found to be associated with lower rates of morbidity 
than those seen with splenectomy with trauma. In fact, 
the overall complication rates seen with splenectomy 
range from 5% to 12%, which is similar to those associ-
ated with laparotomy for trauma in general [16–18]. Most 
complications reported with splenorrhaphy, such as 
pneumonia, atelectasis, ileus, and organ space surgical 
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site infections, could be attributed to laparotomy rather 
than the splenic repair itself.

One potential complication, which can be anticipated 
after splenorrhaphy, is a failure of the repair, leading to 
renewed bleeding. In most reports, however, the failure 
of the repair is noted at the time of the initial surgery. 
When this occurs, the procedure can be converted to a 
splenectomy. Rates of renewed bleeding range from 0% 
to 3% [17,18].

19.3.3 Nonoperative Management

Even though it has been shown that splenorrhaphy can 
be safely accomplished in selected patients, over the past 
several decades, selective nonoperative management 
(SNOM) has almost completely replaced emergent sple-
nectomy and splenorrhaphy in hemodynamically stable 
patients [19,20]. The use of SNOM has become popular 
because it can avoid all the complications associated with 
laparotomy as well as those associated with splenectomy. 
Additional benefits include fewer blood transfusions, 
shorter hospital stays, and lower surgical costs [21].

Recommendations concerning the value of serial 
postadmission diagnostic imaging, selective angiog-
raphy, and imaging studies in the setting of long-term 
follow-up remain unclear [22]. The majority of patients 
who fail SNOM do so within the first 72 h following 
admission [20]. However, delayed splenic rupture has 
been reported in patients up to several months after 
initial injury [23]. These occurrences are particularly 
worrisome because most patients with isolated splenic 
trauma will have been discharged from the hospital by 
this time. Zarzaur et al. published an analysis of read-
missions after SNOM of splenic injury. They showed a 
1.4% rate of readmission for splenectomy within 180 days 
post discharge [24]. This suggests a need for improved 
outpatient management and follow-up.

Despite the proven benefits and safety of SNOM, fail-
ure of SNOM is not without its consequences and can 
be a life-threatening event with increased expenditure of 
resources and length of stay. Spontaneous hemorrhage, 
missed intra-abdominal injury, delayed splenic rupture, 
and development of a splenic artery pseudoaneurysm 
have been cited as causes of SNOM failure. It has also been 
postulated that failure is related to delayed hemorrhage 
from splenic artery injuries that subsequently bleed after 
initial imaging, due to lysis of clot at the site of injuries.

19.4 Infection and Mortality

King and Shumacker first described fulminant post-
splenectomy sepsis in 1952 [25]. Since then, the term 

overwhelming postsplenectomy infection, or OPSI, [26] 
has been used to describe fulminant sepsis, meningitis, 
or pneumonia mainly caused by Streptococcus pneumo-
nia, Neisseria meningitidis, and Haemophilus influenzae 
type b. These bacteria are encapsulated and are therefore 
poorly opsonized [27]. This type of infection is known 
for its rapid onset of symptoms and can produce hypo-
tension and shock within a matter of hours after onset. 
The risk of mortality from OPSI has been reported as 
high as 40%–50% in those who develop invasive infec-
tions after splenectomy. The risk of sepsis and mortal-
ity are strongly associated with the indication for which 
the splenectomy was done. Thalassemia major has been 
associated with the highest risk of serious infection after 
splenectomy at 8.2%, whereas splenectomy for trauma 
and idiopathic thrombocytopenic purpura have lower 
rates of infection (2.2% and 2.1%, respectively) [28].

Schwartz et al. conducted a retrospective review of 
193 patients who underwent splenectomy over a 25-year 
period. Forty-eight (24%) of the splenectomies were 
done for trauma, 36 (19%) were incidental to abdominal 
surgery being done for malignancy, 53 (27%) were inci-
dental to other abdominal procedures, 46 (24%) were for 
hematologic diseases including lymphoma, and 10 (5%) 
were for primary splenic disorders. Despite a large 
number of patients having severe comorbidities, they 
only documented two cases of fulminant sepsis after a 
total of 1090 person-years of follow-up. This resulted in 
a cumulative incidence of fulminant sepsis of 0.18 per 
100 person-years or one case for every 545 patient-
years of observation. Only one patient died as a result 
of fulminant sepsis. The overall incidence of any type 
of serious infection following splenectomy was 7.16 per 
100 person-years. The patients who had a splenectomy 
with abdominal surgery for malignancy were five times 
more likely to have a serious infection than those who 
have a splenectomy for trauma. The mortality rate with 
this one death was only 0.9 per 1000 patient-years of 
follow-up. Interestingly, even in the absence of sep-
sis, they observed an impaired survival rate of 80% in 
those that underwent a splenectomy compared with an 
expected 98% of people in a comparable cohort from the 
general population. This could be due to the underly-
ing diseases of the patients since survival varied least 
among trauma patients and was great among patients 
who underwent splenectomy at the time of operation for 
an abdominal malignancy [29].

Bisharat et al., looking at the English language litera-
ture over a 30-year period from 1966 to 1996, conducted 
a retrospective review of 28 studies including 6942 
splenectomized patients. Two hundred and nine (3%) 
of those patients developed an invasive infection and 
106 died, resulting in a mortality rate of 1.5%. The mean 
time interval between splenectomy and infection was 
22.6 months. ITP and trauma patients had the lowest 
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risk of infection (2.1% and 2.3%). These patients also had 
the lowest risk of mortality, which was just over 1% for 
both groups. The patients with the highest risk of infec-
tion (12% and 9%) as well as the highest all-cause mor-
tality were those with thalassemia major and sickle cell 
disease, respectively [28]. However, it should be noted 
that sickle cell disease results in complex multiorgan 
manifestations that have a major impact on mortality 
[30]. Patients with sickle cell disease are functionally 
asplenic, secondary to autoinfarction, and are particu-
larly prone to develop infections. Because of this, it is 
not clear if splenectomy increases the risk of infection 
and death [31].

A population-based study conducted in Denmark 
looked at the risk of bacteremia after splenectomy. The 
study examined 538 patients who underwent splenec-
tomy for various reasons. This study estimated the 
crude risk of bacteremia following splenectomy to be 
2.3 per 100 person-years at risk. The predominant cause 
of bacteremia was enteric rods. Encapsulated bacteria 
were not found to have caused any cases of bactere-
mia in patients greater than 30 days postsplenectomy. 
Even though only 60% of the patients had received the 
pneumococcal vaccination, only one case of early bac-
teremia, due to an encapsulated species (in this case 
S. pneumonia), was reported [32].

An analysis of the Danish National Patient Registry 
examined the risk of infection in 3812 patients who 
underwent splenectomy between 1996 and 2005. The 
infection risk of these postsplenectomy patients was 
compared to three cohorts. The comparison cohorts 
were matched for age and sex and included randomly 
chosen members of the general population, postappen-
dectomy patients, and nonsplenectomy patients with 
the same underlying medical condition. Of the 3812 
postsplenectomy patients, 955 (25.1%) had at least one 
hospital contact for infection during a median follow-
up of 2.2 years versus 10.8% and 5.1 years in the general 
population comparison cohort. All subgroups of post-
splenectomy patients were at higher risk of infection than 
both postappendectomy patients and the general popu-
lation. The greatest risk of infection was seen within the 
first 90 days after splenectomy. During this time period, 
the prevalence of infection among the postsplenectomy 
patients was 10.2% compared to 0.6% among the general 
population cohort (adjusted relative risk [RR] = 18.1). The 
adjusted RR progressively declined to 4.6 at 3–12 months 
and 2.5 after the 1st year [33]. The subgroups that were 
at greatest risk compared to the general population 
were those that underwent splenectomy for splenomeg-
aly or splenic disease (RR = 118), nonspecific thrombo-
cytopenia (RR = 46.6), and hereditary hemolytic anemias 
(RR = 32). Patients who underwent splenectomy for ITP 
(RR = 14.8) and trauma (RR = 21.2) had the lowest risk 
of infection when compared to the general population. 

In general, the odds of a 90-day infection were two- to 
three-fold higher when comparing postsplenectomy 
patients with matched nontraumatic nonsplenectomy 
patients in the matched-indication cohorts. Patients who 
underwent a splenectomy for trauma had a similar risk 
to their matched-indication cohorts. This study helps 
clearly separate the negative effects of the underlying 
comorbidities from effects of splenectomy itself on the 
risk of infection and demonstrated that the magnitude 
of the infection risk in patients undergoing splenectomy 
mainly depends on the underlying disease and the time 
interval after splenectomy [33].

Certain disease processes carry an inherent baseline 
risk of infection even before splenectomy. The increased 
risk of infection and death, in patients with sickle cell 
disease, is more likely attributable to the disease itself 
rather than splenectomy [31]. These patients are usually 
in a hyposplenic or asplenic state prior to surgery with 
dysfunctional phagocytic activity and defective activa-
tion of the alternate complement pathway [28]. Patients 
with thalassemia major have a defective activation of 
their alternate complement pathway and low immuno-
globulin levels. Splenectomy increases the risk of infec-
tion in these patients [28].

With regard to mortality, a population study, includ-
ing 3812 cases, conducted by Yong et al., revealed that 
when compared to the general population, patients 
who underwent splenectomy had an overall adjusted 
RR of death = 33.6 during the first 90 days after sple-
nectomy. The patients at highest risk within 90 days of 
splenectomy, when compared to the general popula-
tion, were trauma patients (RR = 84.5), and the patients 
at lowest risk were those with hematopoietic cancers 
(RR = 15.5). The risk declined markedly after the first 90 
days after splenectomy, and at 1 year postsplenectomy 
RR was 2.3 when compared to the general population 
if all indications were included. After 1 year, the risk of 
death compared to the general population was high-
est among patients with hereditary hemolytic anemias 
(RR = 4.2) and lowest among ITP patients (RR = 1.4) 
[12]. Regrettably, causes of death were not reported and 
the high mortality risk could be inflated by associated 
comorbidities.

19.4.1 Prevention of OPSI

There is a lifetime risk for OPSI after splenectomy. It 
should be considered a medical emergency, since the 
clinical course progresses in hours rather than days. 
Prompt diagnosis and treatment can reduce mortality 
[34]. Once a patient who is at risk presents with symp-
toms of OPSI, particularly fever, treatment with empiric 
antibiotics is imperative. The empiric treatment should 
involve intravenous infusion of a third-generation ceph-
alosporin with gentamicin or ciprofloxacin.
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Education plays an important role in the management 
and reduction of infections and complications in the 
postsplenectomy patient. It has been estimated that up 
to 84% of patients are not fully aware of any healthcare 
precautions relating to their asplenic state [35]. It has 
been shown that a patient’s understanding of the health 
consequences relating to splenectomy reduces the prev-
alence of infectious complications. El-Alfy et al. reported 
that the prevalence of OPSI was 1.4% among patients 
with the greatest knowledge of the health risks related 
to splenectomy compared to 16.5% amongst those with 
the poorest knowledge [36]. Patients and their families 
should be instructed to seek medical attention in the set-
ting of any acute febrile illness. Patients should under-
stand the need to inform any new healthcare providers 
of their asplenic state. Patients also need to be educated 
regarding an increased risk for travel-related infections, 
specifically babesiosis and malaria. They should also 
be informed about the need for prompt treatment after 
even minor animal bites [34].

The use of prophylactic antibiotics for the prevention 
of OPSI is not evidence-based. There is no consensus on 
how long these drugs should be taken and which sub-
groups would receive any benefit with treatment. The 
recommendations vary widely, from only-as-needed to 
life-long prophylaxis. In addition, the actual effectiveness 
of antibiotics is unknown. Furthermore, risk factors, 
such as poor compliance, could lead to the develop-
ment of resistant strains of bacteria [37]. Most authori-
ties recommend prophylaxis in asplenic or hyposplenic 
children for at least 2 years after splenectomy. There 
remains no agreement between the Canadian, British, 
and American guidelines on when to discontinue pro-
phylaxis in adults. Despite a paucity of prospective data 
concerning prophylaxis in adults, current guidelines rec-
ommend treatment with amoxicillin or penicillin [27,34].

A 23-valent pneumococcal polysaccharide vaccine 
(PPV-23), 7-valent diphtheria cross reactive material 197 
protein-conjugated pneumococcal vaccine, the H. influ-
enzae type b conjugated vaccine, and the meningococ-
cal vaccine should be given to patients at risk for OPSI. 
Optimally, the pneumococcal vaccination should be 
given 2 weeks prior to elective splenectomy. However, if 
this time frame is not practical, such as is in the event 
of emergent splenectomies, the vaccine should be given 
2 weeks after surgery [38]. The protection the PPV-23 vac-
cine provides against encapsulated antigens is temporary. 
Revaccination is recommended every 5–6 years. Patients 
in certain subgroups (sickle cell anemia, myeloprolifera-
tive diseases, and lymphoproliferative diseases) can be 
expected to have an accelerated decline in antibody titers 
and revaccination should be performed more frequently 
[27,34]. The requirement for reimmunization with the 
H. influenzae type b vaccine remains undefined. However, 
a single vaccination seems to be sufficient in adults [39]. 

The conventional meningococcal immunization is a 
tetravalent vaccine, which protects against strains A, C, Y, 
and W135. A single dose produces an effective antibody 
response in 80% of patients. This increases to 93% with 
revaccination, which has lead to the proposal of revac-
cination if protective levels of titers are not achieved [40].

Another potential method for decreasing the risk of 
OPSI in patients undergoing splenectomy for trauma or 
iatrogenic injury is autotransplantation of splenic tissue 
at the time of operation. There have been multiple tech-
niques described for the autotransplantation of splenic 
tissue and most of them involve the implantation of 5–10 
small pieces of spleen within the omentum. It has been 
shown that autotransplantation can safely be done dur-
ing a splenectomy for trauma [41]. Both immunologic 
activity against encapsulated bacteria and reticuloendo-
thelial function are better preserved by autotransplanta-
tion than by total splenectomy, even when only a small 
quantity of splenic tissue is implanted [42]. No studies, 
however, have demonstrated that autotransplantation at 
the time of splenectomy decreases the rate of postopera-
tive infection or the rate of OPSI.

19.4.2 Asplenic and Hyposplenic States

Certain disease processes carry an inherent baseline risk 
of infection even before splenectomy. Sickle cell disease 
results in complex multiorgan manifestations that have 
a major impact on mortality [30]. Patients with sickle cell 
disease are functionally asplenic, secondary to autoin-
farction, and are particularly prone to develop infections. 
Because of this, it is not clear if splenectomy increases 
the risk of infection and death [31]. The increased risk of 
infection and death, in patients with sickle cell disease, is 
more likely attributable to the disease itself rather than 
the splenectomy since these patients are usually in a 
hyposplenic or asplenic state prior to surgery with dys-
functional phagocytic activity and defective activation of 
the alternate complement pathway [28,31]. Patients with 
thalassemia major have a defective activation of their 
alternate complement pathway and immunoglobulin 
levels. Splenectomy increases this risk [28].

19.4.3 Vascular Events

The risk of venous thromboembolism, outside the splenic 
and portal venous system, in the immediate postopera-
tive period following splenectomy is low, unless preex-
isting risk factors are present. The overall rate of venous 
thromboembolism, as reported by Thomsen et al., is 
1.86% within 90 days of splenectomy. They also reported 
the incidence of deep vein thrombosis and pulmonary 
embolism to be 0.63% and 0.73%, respectively, within 
the same time period. However, the overall adjusted 
odds ratio, in the immediate postoperative period, for 
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splenectomy patients was 32.6 when they are compared 
to the general population and 3.2 when they are com-
pared to postappendectomy patients [43].

Acute portal vein thrombosis (PVT) has been 
reported after splenectomy for a wide variety of indica-
tions. Prospective studies revealed the incidence of PVT 
after splenectomy to be from 0.9% to 37%, all occurring 
within 2 months and the majority within 2 weeks of sur-
gery [44,45]. This is probably the result of general factors 
contributing to PVT, which include surgery itself and 
the need to induce pneumoperitoneum in laparoscopic 
splenectomy, as well as local factors such as propagation 
of thrombus from the splenic vein stump into the portal 
vein [44,45]. There also appears to be a higher rate of 
PVT with laparoscopic splenectomy when compared to 
open splenectomy [44].

A platelet count of more the 650 × 103/μL has been 
shown to be directly associated with the development 
of portal system thrombosis [46]. Therefore, it is 
probably advisable to start antiplatelet therapy, such as 
aspirin, when severe thrombocytosis is encountered 
postsplenectomy. The risk of bleeding while using 
antiplatelet therapy in the immediate postoperative 
period should also be taken into consideration.

19.4.4 Pancreatic Complications

Pancreatic injury is a potentially lethal complication 
known to occur in both open and laparoscopic splenec-
tomy [47]. This type of injury can be attributed to the 
close anatomic proximity of the tail of the pancreas to 
the splenic hilum. Pancreatic complications ranging from 
0% to 15% have been reported for both open and lapa-
roscopic splenectomies [1,6,11,47]. A retrospective review 
by Chand et al. looked at 94 patients undergoing elective 
laparoscopic splenectomy. They reported a pancreatic 
injury rate of 15%, which was the most common morbid-
ity associated with laparoscopic splenectomy. They also 
noted that in the era of laparoscopic surgery and rapid 
discharge, half of the patients with major injury required 
readmission to evaluate persistent abdominal pain. 
Because of this trend, they suggested routine postopera-
tive monitoring of serum amylase levels. This might alert 
the surgeon to a potential problem as a result of unrecog-
nized pancreatic manipulation during the surgery. Once 
a potential problem is identified, the surgeon can alter the 
postoperative routine as appropriate [47].

In an effort to provide a rational basis for a suggested 
strategy to minimize the likelihood of injury to the 
pancreas during splenectomy, computed tomography 
scan mapping of the tail of the pancreas in relation to 
the splenic hilum has been investigated. It was found 
that the average distance from the tail of the pancreas 
to the splenic hilum was 3.42 cm. In addition, the tail of 
the pancreas was found to be located more than 1 cm 

away from the hilum of the spleen in all cases regard-
less of the patient’s age, gender, size of the spleen, BMI, 
or whether the tail was superior, inferior or at the level 
of the splenic vessels [48]. From this, it can be safely sug-
gested that staying within 1 cm from the hilum of the 
spleen, while gaining splenic vascular control, should 
minimize the risk of pancreatic injury. However, no 
studies have been done to test this recommendation.

19.4.5 Gastric Perforation

Gastric perforation is rare but a potentially devastating 
complication of splenectomy, which may result in death 
or prolonged disability. It is estimated to occur in fewer 
than 1% of open splenectomies, but is associated with 
a mortality rate as high as 25%, even with appropriate 
treatment [49]. The perforation is usually situated high 
on the greater curvature of the stomach where the short 
gastric vessels in the gastrosplenic omentum have been 
transected. The perforation of the stomach can be a con-
sequence of disrupting the vascular supply to the greater 
curvature rather than a result of direct injury [50]. It can 
also result from unrecognized thermal injury during 
dissection and control of the short gastric vessels.

Patients with this complication will often develop 
pain in the left upper quadrant and left shoulder, fever, 
tachycardia, and abdominal tenderness. Although 
drain placement is not recommended for an uncom-
plicated splenectomy, if a surgical drain was placed 
in the left upper quadrant, increased drainage is com-
monly noted. Chest radiographs will frequently reveal 
a left-sided pleural effusion. The diagnosis can be made 
radiologically after ingestion of a water-soluble iodin-
ated radiopaque contrast medium. Treatment includes 
gastric decompression with nasogastric suction and 
wide drainage of the left subphrenic space. Operative 
closure will be required in some cases.

Incidence of Complications after Splenic Surgery

Complications Rates References

Infectious
Intra-abdominal 

abscess
4.5%–39% [13,15,29,32,33]

Wound infection 4%–9%
Pneumonia 1.1%–30%
Septicemia 3.3%–19%
OPSI 0.18 per 100 person-

years observed post 
splenectomy

Early thrombotic events
Portal 0.9%–37% [43–45]
Nonportal 1.86% [43]

Gastric injury <1% [49,50]
Pancreatic injury 0%–15% [1,6,11,47]
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Avoiding Complications after Splenic Surgery

Complications Suggestions Comments

Postsplenectomy 
sepsis

• Vaccination
• Prophylactic antibiotics
• Education
• Autotransplantation of 

splenic tissue
Thrombotic events

Portal
• Antiplatelet therapy For platelet 

count >650 × 
103/μL [46]Nonportal • Use of low molecular 

weight heparins
Pancreatic injury • Preoperative computer 

tomography mapping of 
splenic hilum

• Staying within 0.5 cm of 
splenic hilum

• Minimizing pancreatic 
manipulation

Gastric injury • Avoid disruption of 
vascular supply to greater 
curvature

• Judicious use of thermal 
dissection while controlling 
the short gastric vessels
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20.1 Physiologic Changes

Pneumoperitoneum results in transient physiologic alter-
ations of the heart, lung, kidney, and liver. Among these, 
hemodynamic and respiratory changes are the most 
clinically relevant and well studied. In otherwise healthy 
patients, these changes rarely result in complications. 
However, in patients with preexisting cardiac, pulmo-
nary, renal, or hepatic dysfunction, pneumoperitoneum 
may lead to serious morbidity or mortality. Surgeons 
who perform laparoscopy must be aware of these poten-
tial events and take appropriate action when necessary.

20.1.1 Pulmonary Effects

Pneumoperitoneum alters ventilation parameters and 
gas exchange. One of the most common alterations is 

an increase in airway pressures. This increase results 
from a decrease in diaphragmatic excursion and lung 
and chest wall compliance [1]. Clinically, peak-and 
end-inspiratory pressures increase by as much as 
30%–40% above baseline with insufflation pressures of 
10–15 mmHg [1–3]. Measured respiratory compliance 
decreases by approximately 35% as a result of pneumo-
peritoneum. Airway pressures rapidly return to nor-
mal levels after the release of the pneumoperitoneum. 
Therefore, the surgeon should immediately discontinue 
the inflow of insufflation and evacuate the existing 
pneumoperitoneum whenever any untoward ventila-
tory or hemodynamic changes occur.

Carbon dioxide is used to establish and maintain 
pneumoperitoneum. Hypercarbia and subsequent 
respiratory acidosis can result from abdominal insuf-
flation and transperitoneal absorption of carbon diox-
ide. This increase in carbon dioxide absorption results 
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in an increase in arterial carbon dioxide levels. Arterial 
partial pressure of carbon dioxide (pCO2) commonly 
increases by approximately 8–12 mmHg above baseline, 
and pH dips to approximately 7.35–7.38 during routine 
laparoscopic cases [2]. However, repetitive arterial pCO2 
monitoring is not necessary or practical in most routine 
laparoscopic cases. Therefore, surgeons commonly use 
end-tidal CO2 measurements to assess the adequacy of 
ventilation [3]. End-tidal CO2 levels normally increase 
by about 10% at normal insufflation pressures [2]. 
Fortunately, such alterations are generally well toler-
ated by otherwise healthy patients [2,3]. If need be, the 
anesthesiologist can lower CO2 levels by increasing the 
ventilation rate. Remember that changes in end-tidal 
CO2 levels generally underestimate the actual increase 
in arterial pCO2. For all patients, abnormal CO2 and pH 
values generally return to baseline within several min-
utes after the release of pneumoperitoneum [2,3].

20.1.2 Hemodynamic Effects

Previous studies demonstrated that hemodynamic 
changes occur during abdominal insufflation. The 
increase in intra-abdominal pressure during pneumo-
peritoneum decreases venous return via the inferior 
vena cava [4]. This yields a decrease in cardiac preload 
and left ventricular (LV) function. The most striking 
and observable hemodynamic change is a decrease 
of 10%–30% in cardiac output [2,5–7]. Altered hemo-
dynamic indices often contribute to other physiologic 
changes such as an elevated mean arterial pressure 
(7–15 mmHg) and decreased renal blood flow and glo-
merular filtration rate [1,2,4].

Cardiac arrhythmias may occur in as many as 47% 
of patients who undergo laparoscopy [8]. Tachycardia 
is the most common arrhythmia and results from a 
decrease in cardiac output. On rare occasions, otherwise 
healthy patients may experience dangerous bradyar-
rhythmias. The most likely cause of bradyarrhythmias 
is hypercapnia that develops as a result of increased car-
diac afterload. Unlike tachycardia, bradyarrhythmias 
are not as well tolerated and should be treated aggres-
sively with evacuation of pneumoperitoneum and 
appropriate pharmacologic measures to restore normal 
rhythm [8–10].

The cardiovascular effects of pneumoperitoneum, 
like the pulmonary changes, are of minimal clinical 
importance for most patients undergoing elective lapa-
roscopic operations. This statement assumes, however, 
that insufflation pressure is maintained within the nor-
mal range of 10–15 mmHg. Surgeons should be careful 
to ensure that these levels are not exceeded throughout 
the operative procedure and be aware that patients with 
compromised cardiac or respiratory function may not 

tolerate pneumoperitoneum. In such circumstances, 
the surgeon must consider the use of more invasive 
intraoperative monitoring, or even a different surgical 
approach, especially in patients whose respiratory or 
cardiac function may be compromised.

20.2  Complications Related to 
Laparoscopic Access

Laparoscopy is associated with a morbidity rate between 
2% and 10%, depending on the type of operation and 
the experience of the surgeon. When complications 
arise they are often related to accessing the abdomen. In 
fact, access-related complications make up a significant 
portion of the morbidity related to minimally invasive 
surgery. The overall incidence of access-related injury 
ranges from 0.2% to 5% [11–14].

20.2.1 Injuries Caused by Needle or Trocar

Vascular injury to the abdominal wall and the retro-
peritoneal vessels is the most common complication, 
accounting for approximately 65% of access-related 
injuries [14]. Fortunately, the majority of vascular inju-
ries involve the epigastric vessels. The overall incidence 
of abdominal wall bleeding ranges from 0.5% to 2% 
[15]. Temporary control of abdominal wall bleeding can 
often be attained by simple but effective method includ-
ing direct pressure against the bleeding site, percutane-
ous suture ligation, or open suture ligation. Injury to 
small vessels of the omentum may be controlled with 
clips or an endoloop.

Major retroperitoneal vascular injury occurs in 0.1% 
to 0.25% of all laparoscopic operations, but injury to 
these vessels accounts for 35% of all deaths [12,14,16]. 
In order of decreasing frequency, the major vessels com-
monly injured are the iliac artery and vein (24%–27%), 
the aorta, the inferior vena cava, or both (10%–15%), 
and the major visceral or mesenteric vessels (5%–10%) 
[12,14]. Earlier studies found that combined aortoca-
val injuries were associated with mortality rates of 
80%–100%. In the face of a major vascular injury, control 
the hemorrhage by any means necessary. In general, per-
form a midline laparotomy to allow definitive proximal 
and distal control and repair of the injury. Depending 
on surgeon judgment and experience, a board-certified 
vascular surgeon should be consulted for repair and/or 
reconstruction.

Visceral injuries reportedly occur during 0.1%–0.2% 
of all laparoscopic procedures [13,15,16]. Most large 
series indicate that small-bowel perforations account 
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for nearly 90% of visceral injuries, followed, in decreas-
ing frequency, by perforations of the liver, colon, and 
stomach [15]. The overall mortality rate associated with 
intestinal injury during laparoscopy is approximately 
3%–5% [14,16]. As many as 69% of all access-related 
visceral injuries go unrecognized during the procedure 
[16]. Failure to recognize such injuries is associated with 
a 10-fold increase in mortality rates (20%–25%) [12,14]. 
A recent review of 182 access-related visceral injuries 
demonstrated that the mortality rate was zero if all 
injuries were identified intraoperatively. However, 21% 
of unrecognized bowel injuries resulted in death [14]. 
This finding reiterates the importance of performing a 
thorough diagnostic survey of the abdomen at the com-
pletion of each procedure, especially if there is any sus-
picion of visceral injury.

Gas embolism, which occurs in approximately one 
of every 100,000 laparoscopic cases, is nearly always 
associated with insertion of a Veress needle into a major 
vascular structure and subsequent insufflation. The 
associated mortality rate is more than 30% [17]. Gas 
embolism is managed by deflating the pneumoperito-
neum, placing the patient into a Trendelenburg and left 
lateral decubitus position, administering 100% oxygen, 
and instituting general supportive measures. Some sur-
geons advocate central venous catheter placement to 
attempt aspiration of intravascular gas. Unfortunately, 
there is little time for deploying these management tech-
niques and only limited success.

An additional access-related complication is extraper-
itoneal dissection of carbon dioxide. This is generally a 
minor issue with little attendant morbidity. However, 
it can be alarming to the surgeon, the anesthesiologist, 
or the patient. The anesthesiologist may be concerned 
because of subcutaneous emphysema tracks around the 
neck and chest, suggestive of a serious airway disrup-
tion. Subcutaneous emphysema can occur anywhere, 
from the lower extremities, as seen after hernia repair, 
to the head, neck, and chest, as can occur after medias-
tinal dissection during transhiatal operations. Patients 
should be made aware that the subcutaneous emphy-
sema is generally harmless and usually resolves within 
48–72 h. Like many access-related complications, extra-
peritoneal insufflation can be avoided by the use of 
proper access techniques.

Surgeons must have a good working knowledge of 
such injuries and understand the best methods for pre-
vention. For Veress needle access, the surgeon should 
stabilize the needle once inserted to avoid inadvertent 
injury to the underlying viscera, perform a saline drop 
test, and ensure low intra-abdominal pressure. For open 
access, the surgeon should visualize and identify all lay-
ers of the abdominal wall to ensure a safe entrance into 
the peritoneal cavity.

20.2.2 Choice of Access Technique

The data remain equivocal as to the relative safety of 
open and closed access techniques. On one hand, sev-
eral large series that include as many as 20,000 patients 
demonstrate equivalent complication rates for the two 
access approaches [15]. Other reports substantiate a 
decrease in morbidity with the open technique [14,17]. 
A meta-analysis including nearly 500,000 patients found 
that the rate of visceral injury during closed access 
(0.08%) was greater than with open access (0.05%) [17]. 
Major retroperitoneal vascular injury was nearly nonex-
istent during open access but occurred at a rate of 0.08% 
with closed access [17]. Another advantage of the open 
technique is the increased likelihood of intraoperative 
recognition of an injury [14,17]. Both open and closed 
techniques are well established and generally safe.

20.2.3 Trocar-Site Hernias

Trocar-site hernias represent potential morbidity follow-
ing any laparoscopic procedure, especially after weight 
loss operations. The largest studies of trocar-site hernias 
cite an incidence of approximately 0.2%–0.6% [18,19]. 
A recent review of 2644 patients who underwent laparo-
scopic weight loss operations confirmed a relatively low 
rate of trocar-site hernia (0.57%), with a mean follow-up 
of 67.4 months [19]. Because these patients are often seen 
by other than the initial operating surgeon, the true inci-
dence of trocar-site hernias is likely much higher. Leibl 
et al. [18] demonstrated that the incidence of trocar-site 
incisional hernia is approximately nine times higher 
when cutting trocars are used (1.8%) compared to blunt 
or optical-type trocars (0.2%). Trocar-site hernias have 
been reported at both 5 and 10 mm trocar sites and can 
result in incarcerated or strangulated viscera. However, 
more than 95% of all reported trocar-site hernias occur at 
incision sites involving trocars 10 mm or more in diam-
eter. It is also recognized that trocar-site hernias tend to 
occur more commonly among obese patients for whom 
closure of the fascial defect poses the greatest challenge. 
Because these hernias are small, detecting them by 
physical examination is often difficult, especially among 
obese patients. Therefore, the sudden occurrence or per-
sistent presence of trocar-site pain should prompt radio-
logical and possibly operative evaluation.

When complications occur, the surgeon must fol-
low time-honored principles to minimize morbidity. 
For major vascular and visceral injuries, a high index 
of suspicion must be maintained. When these injuries 
are recognized, immediate repair must be undertaken 
whether or not the repair is performed in a laparoscopic 
or open fashion. If the surgeon lacks extensive experi-
ence with laparoscopy or the injury is severe, an open 
approach is warranted.
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20.3  Altered Visualization, Unique 
Instrumentation, and the Role 
of the Learning Curve

Several authors cite the two-dimensional nature and 
image reversal of laparoscopy as influential reasons 
for complications [20–22]. However, there exists no 
data to confirm the notion that visual alterations and 
intraoperative complications are linked. Interestingly, 
three-dimensional optics may offer little benefit for 
experienced surgeons [22].

Studies related to the learning curve of laparoscopy 
demonstrate that operative times and conversion rates 
are increased during the first 20–250 cases depending 
on the procedure. This observation holds true across 
many procedures, including antireflux operations [23], 
inguinal hernia repair [24], and colectomy [25]. To mini-
mize the potential for complications during the learning 
curve, surgeons should participate in educational pro-
grams that offer didactic instruction, skills training, and 
laboratory practice. While fellowship training in mini-
mally invasive surgery and/or bariatric surgery may 
be ideal, other strategies to help overcome the learning 
curve include hands-on short courses and individual 
proctorships with experienced surgeons.

20.4 Common Laparoscopic Operations

20.4.1 Laparoscopic Cholecystectomy

Several large series involving 12,000–115,000 patients 
demonstrate that the overall complication rate associ-
ated with laparoscopic cholecystectomy is lower than 
that associated with the open procedure, with the very 
important exception of bile duct injury. The overall mor-
bidity rates associated with laparoscopic cholecystec-
tomy range from 2.0% to 4.8%, whereas those associated 
with open cholecystectomy range from 8% to 18.7% [26].

20.4.2 Bile Duct Injury

The incidence of serious bile duct injuries during lapa-
roscopic cholecystectomy is 0%–2% [16,25,26]. A meta-
analysis of more than 40 published series found that 
the mean incidence of major bile duct injury was 0.5%, 
significantly higher than the rate for open cholecystec-
tomy (0.1%–0.25%) [27]. However, the validity of these 
results should be questioned. First, the higher rates of 
injury found by early studies of laparoscopic chole-
cystectomy may be a reflection of the learning curve 
for this procedure. Second, many of the large series of 

open cholecystectomy are retrospective reviews. These 
reports were published when large databases, patient 
registries, and sophisticated data collection systems 
were not as readily available. Thus, the true rate of bile 
duct injury during open cholecystectomy may have 
been underestimated.

Careful identification of the important anatomic land-
marks is the key to avoiding bile duct injury, regardless 
of the operative approach. A clear delineation of the 
individual steps for dissection is beyond the scope of 
this chapter; however, a necessary step is to establish 
the Critical View of Safety before clipping or cutting 
any structures [28]. Aside from specific dissection tech-
niques, the authors and others advocate the use of rou-
tine intraoperative cholangiography [29]. The liberal use 
of cholangiography will identify most bile duct injuries 
intraoperatively, when they can be repaired with better 
long-term results than injuries discovered postopera-
tively [27]. Bile duct reconstruction and the manage-
ment of severe bile leaks are discussed elsewhere.

20.4.3 Miscellaneous Complications

Spilling bile or stones during laparoscopic cholecystec-
tomy may concern some surgeons. In most cases, spill-
ing biliary contents does not increase morbidity. Memon 
et al. [30] reported that dropped stones, bile spillage, or 
both occur during 40% of laparoscopic cholecystectomy 
operations but cause long-term complications in only 
5% of cases. All complications in this series were man-
aged successfully with antibiotics alone or percutane-
ous drainage (0.6%). Thus, a lengthy and unrewarding 
search for lost stones should be avoided because it may 
increase the risk of visceral and vascular injuries.

Vascular injuries unique to laparoscopic cholecys-
tectomy can be related to the anomalous nature of the 
blood supply to the liver and gallbladder. An aberrant 
right hepatic artery arising from the superior mesen-
teric artery and passing through or near Calot’s triangle 
is one recognized variation. Multiple cystic arteries or 
accessory hepatic arteries passing near the operative 
field are also prone to injury during laparoscopic cho-
lecystectomy. Bleeding from the liver parenchyma can 
be troublesome. Finally, the proximity of the duodenum 
and the hepatic flexure of the colon raise the potential 
for visceral injury.

20.4.4 Laparoscopic Fundoplication

Laparoscopic fundoplication for gastroesophageal 
reflux conveys significant benefits as evidenced by few 
complications and remarkably low 30-day morbidity 
(3.8%) and mortality (0.19%) [31]. A recent meta-analysis 
including 12 trials and over 1000 patients confirmed 
that laparoscopic fundoplication reduced the odds of 
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complications by 65% compared to open fundoplica-
tion. The laparoscopic approach resulted in a shorter 
hospital length of stay and an earlier return to normal 
activity [32]. The higher morbidity associated with open 
fundoplication may stem from impaired visualization 
above the hiatus, greater postoperative pain, and longer 
hospital length of stay.

The most common complication after fundoplication 
is wrap failure, which occurs more often after open 
(15%–20%) than laparoscopic fundoplication (5%–10%) 
[33]. Most laparoscopic failures (84%) are caused by 
transdiaphragmatic herniation of the wrap, whereas 
open failures are evenly distributed between trans-
diaphragmatic migration, slipped or misplaced fundo-
plication, and twisted wraps. Overly tight wraps and 
subsequent dysphagia occur more commonly after open 
fundoplication (10% vs. 4%) [33].

Complications other than wrap failure are uncom-
monly associated with laparoscopic fundoplication. 
Most conversions to an open approach result from tech-
nical difficulties, including adhesions and problems 
associated with obesity, or surgeon inexperience rather 
than from intraoperative complications [34]. Serious 
complications, including gastric, bowel, or esophageal 
perforation occurred infrequently. Two steps of laparo-
scopic fundoplication may pose a greater risk of injury 
to the esophagus: passage of the bougie dilator and 
creation of a retroesophageal window. With surgeon 
experience, the risk of esophageal injury from these two 
steps can be mitigated.

20.4.5 Laparoscopic Inguinal Hernia Repair

With the increasing adoption of laparoscopic totally 
extraperitoneal (TEP) and transabdominal preperito-
neal (TAPP) herniorrhaphy, it is important to be aware 
of the potential complications. Studies comparing the 
two approaches found that certain complications (tro-
car-site hernia, small-bowel obstruction, and bowel 
injury from dissection or trocar placement) occurred 
less frequently during laparoscopic TEP compared to 
TAPP herniorrhaphy.

Several studies, including a large meta-analysis involv-
ing more than 2400 patients, demonstrate that both types 
of laparoscopic repair are associated with less postop-
erative pain and more rapid recovery rates compared 
to open repair [35,36]. A randomized controlled trial 
reported a significantly lower rate of recurrence at 5 
years after laparoscopic TAPP (3%) than Shouldice repair 
(8%) [36]. Equivalent rates of recurrence (2%–3%) and 
long-term postoperative pain (2%–3%) are reported for 
laparoscopic and tension-free repairs [35]. For primary 
unilateral inguinal hernia, TEP is associated with an 
increased risk of recurrence relative to open mesh repair 
but TAPP is not. TAPP is associated with increased risk of 

perioperative complications relative to open mesh repair. 
Laparoscopic inguinal hernia repair has a reduced risk of 
chronic pain and numbness relative to open mesh repair 
[37]. In general, complications of laparoscopic hernia 
repair include hematomas, seromas, and hydroceles (8%–
10%), urinary retention (1%–2%), cutaneous nerve injuries 
(2%), and persistent pain (2%–3%) [36,37].

Although serious complications are very uncom-
mon during laparoscopic herniorrhaphy, surgeons who 
choose a laparoscopic approach must keep in mind the 
special risk to the iliac vessels associated with this oper-
ation. Be wary of the “triangle of doom” that is bounded 
by the iliac vessels laterally and the ductus deferens 
medially. Reports of injuries to these structures during 
laparoscopic herniorrhaphy are rare; however, serious 
complications are most likely to occur in this anatomic 
area. According to a recent comparative effective-
ness review conducted by the Agency for Healthcare 
Research and Quality, many studies report the fact that 
surgeon experience lowers the risk of complications 
and recurrence but the data are reported unevenly and 
as yet do not clearly define the precise length of the 
learning curve for laparoscopic TEP and TAPP hernior-
rhaphy [38].

20.4.6 Laparoscopic Appendectomy

At least 67 studies of appendectomy were recently eval-
uated in a large meta-analysis. Of those, 56 studies com-
pared laparoscopic to open appendectomy in adults. 
Wound infections were less likely after laparoscopic 
than open appendectomy (OR 0.43; CI 0.34–0.54), but the 
incidence of intra-abdominal abscesses was increased 
(OR 1.87; CI 1.19–2.93). Hospital stay was shortened by 
1.1 days and return to normal activity, work, and sport 
occurred earlier after laparoscopic appendectomy. In 
those clinical settings where surgical expertise and 
equipment are available, laparoscopic appendectomy 
offers advantages over the open approach. Some of the 
clinical effects of laparoscopic appendectomy, however, 
are small and of limited clinical relevance [39]. When 
performing appendectomy, it is important to follow 
established general surgical principles for the treatment 
of appendicitis, particularly perforated or suppurative 
appendicitis, where aspiration of the cul-de-sac may 
help prevent intra-abdominal abscess.

20.4.7  Laparoscopic Primary Ventral and 
Incisional Hernia Repair

Recent prospective and retrospective comparisons of 
open and laparoscopic techniques for primary ven-
tral and incisional hernia repair demonstrate that 
the laparoscopic approach offers several advantages. 
A randomized controlled trial of 146 patients who 
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underwent laparoscopic (n = 73) and open (n = 73) ven-
tral incisional hernia repair between 2004 and 2007 at 
Veterans Affairs Medical Centers was conducted. The 
laparoscopic repair required the use of polytetraflou-
roethylene (PTFE) mesh secured using transfascial 
sutures and titanium tacks with a mesh to fascia overlap 
of at least 3 cm. The open repair was performed using 
the Chevrel technique with onlay, uncoated polypro-
pylene mesh. In the laparoscopic group, patients expe-
rienced fewer overall complications, significantly fewer 
surgical site infections through 8 weeks (5.6% vs. 23.3%), 
less postoperative pain at 52 weeks, and earlier return to 
work by 5 days. There was no significant difference in 
hernia recurrence rate at 2 years in the laparoscopic and 
open groups (12.5% vs. 8.2%) [40]. Outside the Veterans 
Affairs population, laparoscopic ventral hernia repair is 
associated with significantly lower rates of wound infec-
tion (3.8% vs. 16.8%) compared to open repair [41]. In a 
recent review of the National Inpatient Sample, 18,223 
cases of laparoscopic (27.6%) and open ventral hernia 
repair were compared using multivariate regression 
while controlling for confounding variables. The study 
found that laparoscopic ventral hernia repair resulted 
in significantly lower complication rates (approximately 
8% vs. 4%), shorter hospital length of stay (almost 2 days), 
less hospital charges, and lower 30-day mortality (0.88% 
vs. 0.36%) compared to open ventral hernia repair [42].

A recent prospective trial of 310 patients who under-
went laparoscopic ventral incisional hernia repair was 
conducted to identify risk factors for hernia recurrence. 
The overall recurrence was low (6%) after an average 
follow-up of 60 months. Multivariate regression analy-
sis of variables for hernia recurrence including defect 
size revealed that obesity and defect size (>10 cm) were 
independent prognostic factors. Hence, in patients for 
whom long-term prevention of hernia recurrence is the 
primary goal, perhaps larger defects may be more ame-
nable to an open approach [43].

These data may continue to change as surgeons adopt 
different strategies to lower recurrence rates following 
laparoscopic ventral incisional hernia repair. Such strat-
egies include primary suture closure plus intraperito-
neal placement of barrier-coated synthetic mesh with 
or without endoscopic component separation. For open 
ventral incisional hernia repair, techniques designed to 
lower complication and recurrence rates and reestablish 
abdominal wall function include primary suture repair 
plus anterior and/or posterior component separation 
along with retromuscular and preperitoneal place-
ment of non-barrier-coated synthetic mesh. Of course, 
the mesh materials themselves continue to change and 
improve alongside the development of various hernior-
raphy techniques. However, it is clear that experienced 
surgeons can perform laparoscopic ventral incisional 
hernia repair safely and with relatively low morbidity.

20.4.8 Laparoscopic Roux-en-Y Gastric Bypass

Adverse events are a well-known entity of weight 
loss procedures, particularly intraoperative complica-
tions and those that occur following gastric bypass. 
Laparoscopic gastric bypass results in less intraoperative 
bleeding and postoperative pain compared to the open 
procedure [44]. Additionally, a recent meta-analysis com-
pared the effects of laparoscopic and open gastric bypass 
for morbid obesity. In total, six randomized controlled 
trials involving a total of 422 (214 laparoscopic, 208 open) 
patients were analyzed. Laparoscopic gastric bypass 
significantly shortened hospital length of stay (1 day) 
with no statistical difference in complication rates [45]. 
A recently published cohort study analyzed 5882 patients 
who underwent an operation for morbid obesity. There 
were 1608 laparoscopic adjustable gastric banding, 3770 
laparoscopic gastric bypass, and 504 open gastric bypass 
operations. Overall, 5% of patients suffered an intraop-
erative complication, which were most frequent during 
open gastric bypass (7.3%), followed by laparoscopic 
gastric bypass (5.5%) and laparoscopic adjustable gastric 
banding (3%). Independent of procedure type, patients 
who suffered an intraoperative complication were at sig-
nificantly greater risk of morbidity [46].

Intraoperative and short-term postoperative compli-
cations after gastric bypass include but are not limited 
to gastrointestinal hemorrhage usually from the gas-
trojejunostomy staple line, stricture of the anastomo-
sis, obstruction, leaks, and venous thromboembolism. 
Recent research on gastric bypass suggests that the risk 
of hemorrhage from the gastrojejunostomy staple line 
may be lowered by using a 25 mm circular stapler with 
3.5 mm staples compared to 4.8 mm staples [47]. On the 
other hand, a large review of nine trials including 9374 
patients who underwent laparoscopic gastric bypass 
showed a significantly increased risk of gastrojejunos-
tomy stricture associated with circular-stapled com-
pared to linear-stapled anastomosis [48]. Leaks are most 
common at the gastrojejunostomy and may be detected 
early or late in the postoperative course. Early leaks are 
often detected by clinical suspicion, radiological evalua-
tion, or both, and treated by reoperation. Late leaks are 
most commonly diagnosed by radiological studies 7–14 
days postoperatively. Some leaks may be treated nonop-
eratively or with flexible endoscopy; however, the sur-
geon must be aware that physical examination findings 
and radiological studies may underestimate the sever-
ity of the problem. Therefore, a high clinical suspicion 
and urgent abdominal exploration are often critical to 
the management of late gastrointestinal leaks. When 
patients present to the emergency department with an 
acute abdomen and/or signs and symptoms sugges-
tive of anastomotic leak or internal hernia after gastric 
bypass, the patient should be evaluated expeditiously 
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by a general surgeon. A lengthy delay to another facil-
ity for evaluation and management by a bariatric sur-
geon can compromise the patient’s outcome. Emergent 
operation can be lifesaving. Therefore, general surgeons 
must be familiar with the management of acute, life-
threatening complications after gastric bypass.

It is important to recognize risk factors for venous 
thromboembolism in bariatric patients (male, high preop-
erative body mass index, history of venous thromboem-
bolism or inferior vena cava filter) and to mitigate the risk 
of venous thromboembolism by selecting a laparoscopic 
approach and mandating adherence to clinical pathways.

20.4.9 Laparoscopic Splenectomy

The laparoscopic approach is widely used for splenec-
tomy and considered to be the gold standard for elec-
tive splenectomy. Patients who underwent elective 
laparoscopic splenectomy experienced shorter hospital 
stays (3.6 vs. 7.2 days) despite longer operative times 
(180 vs. 114 min) than those who had open splenec-
tomy [49]. Complication rates are also lower for patients 
who underwent laparoscopic splenectomy (15.5% vs. 
26.6%) when matched for demographic characteristics 
and underlying disease [49]. Splenosis associated with 
missed accessory splenic material can result in failure to 
accomplish the goal of the operation: the eradication of 
splenic function. However, with a meticulous technique 
and an exhaustive search for accessory or dropped 
splenic material, the incidence of this complication (11%) 
is equivalent for laparoscopic and open splenectomy [49]. 
In patients with massive splenomegaly or complicated 
anatomy, the surgeon should consider hand-assisted 
laparoscopic splenectomy, which conveys the benefits of 
laparoscopy without sacrificing safety or efficacy.

20.4.10 Laparoscopic Adrenalectomy

The timely, accurate, and cost-effective evaluation and 
management of adrenal lesions can be challenging. 
Evaluation begins with biochemical screening and addi-
tional imaging but rarely includes biopsy. Management 
strategies vary by patient factors and tumor characteris-
tics. Adrenalectomy is indicated for lesions that are hor-
monally active, larger than 4–5 cm, symptom-related, 
and have an imaging appearance that is atypical of a 
benign lesion.

During the last decade, laparoscopic adrenalectomy 
has replaced open adrenalectomy as the preferred 
method for removal of most adrenal tumors. This para-
digm shift has occurred as a result of multiple factors 
including greater surgeon experience with advanced 
laparoscopy, improved technology, and better short-
term patient outcomes. Case series, cohort studies, and 
database reviews have demonstrated less pain, shorter 

hospital stay, and fewer postoperative complications 
following laparoscopic adrenalectomy [50]. A growing 
body of literature suggests that experienced surgeons 
are performing laparoscopic adrenalectomy for a wider 
range of indications than ever before [50]. However, few 
studies clearly characterize the preoperative risk factors 
that may influence the choice of operative approach and, 
thereby, affect outcomes after adrenalectomy.

A recently presented retrospective cohort study of 
402 patients aimed to determine the variables impor-
tant in selecting patients for open adrenalectomy and 
predict the risks of conversion from the laparoscopic to 
open approach. Additionally, the study sought to com-
pare 30-day outcomes of open and laparoscopic adre-
nalectomy. Preoperative factors that predicted selection 
for open adrenalectomy were increasing patient age, 
higher ASA score, large tumor size, the presence of a 
nonfunctioning lesion, the diagnosis of adrenocorti-
cal carcinoma, and the need for concomitant proce-
dures. Conversion to open or hand-assisted approaches 
occurred in 6.2% of patients selected for laparoscopic 
adrenalectomy. Preoperative risks for conversion 
included large tumor size (>8 cm) and need for con-
comitant procedures. Multivariate analysis revealed 
that the preoperative diagnosis of large indeterminate 
adrenal mass or adrenocortical carcinoma, a radiologi-
cal tumor size greater than 6 cm, and initial selection for 
open adrenalectomy (OR 8.1) increased 30-day morbid-
ity. Likewise, a need for conversion from a laparoscopic 
to open approach (OR 3.5), a requirement for concomi-
tant procedures (OR 3.8), operative time greater than 
180 min, and an estimated blood loss of more than 200 
mL predicted 30-day morbidity. Therefore, the nature of 
the underlying adrenal pathology and need for concur-
rent procedures both significantly impact the selection 
of patients for open adrenalectomy, the likelihood of 
conversion from a laparoscopic to open approach, and 
30-day morbidity. The authors felt these metrics should 
be considered when choosing an operative approach 
and considering risks for adrenalectomy [51].

20.5 Conclusions

Minimally invasive surgery is a rapidly growing and 
maturing discipline that requires significant training 
and experience on the part of the surgeon as well as 
the healthcare team. When surgeon experience and 
facility resources allow, laparoscopy may offer the 
advantages of less pain, fewer wound-related com-
plications, shorter hospital length of stay, and other 
benefits. Surgeons who gain sufficient experience with 
basic and advanced laparoscopy during their residency 
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and fellowship training, hands-on courses, or proctor-
ships fully appreciate the causes and incidences of 
potential complications associated with laparoscopy. 
As with any procedure, prevention and management 
of complications is paramount; moreover, the method 

of management should adhere to time-honored surgi-
cal principles. These complications are best avoided by 
perfecting and using proper laparoscopic technique 
and by understanding the unique pitfalls of each lapa-
roscopic operation.

Incidence of General Complications of Laparoscopy

Complications Incidence Comments References

Pneumoperitoneum
Increased airway 

pressures
Almost all cases Airway pressures rise by 30%–40% but 

return to baseline after release of 
pneumoperitoneum

[2,3]

Hypercarbia Almost all cases End-tidal CO2 rises by 10% but returns 
to baseline after release of 
pneumoperitoneum

[4]

Decreased cardiac 
output

Almost all cases Output decreases by 10%–30% at 
12–15 mmHg but returns to baseline 
after release of pneumoperitoneum

[5–7]

Arrhythmias Up to 47% Tachycardia is more common than 
bradycardia

[8]

Access
Vascular injury Minor 0.5%–2%

Major 0.1%–0.25%
Major vascular injury accounts for 35% 
of all deaths

[11–14]

Visceral injury 0.1%–0.2% Missed injury increases mortality 
10-fold

[12–16]

Gas embolism 0.001% Mortality rate approaches 30% [17]
Subcutaneous 

emphysema
Unknown Concern prompts chest radiography [17,18]

Trocar-site hernia 0.2%–1.8% Cutting trocars and defects >10 mm 
increase hernia rate

[18,19]

How to Avoid General Complications of Laparoscopy

Complications Methods of Avoidance Comments References

Pneumoperitoneum
Increased airway 

pressures
Preoperative pulmonary 
assessment; adjust tidal 
volumes

Evacuate pneumoperitoneum [2,3]

Hypercarbia Monitor end-tidal CO2 Increase ventilation rate [4]
Decreased cardiac 

output
Preoperative cardiac 
assessment; intraoperative 
resuscitation

Evacuate pneumoperitoneum; consider 
invasive cardiac monitoring, pharmacologic 
measures, and/or conversion

[5–7]

Arrhythmias Pharmacologic measures; 
intraoperative resuscitation

[8]

Access
Vascular injury Stabilize the Veress needle, 

perform saline drop test, and 
ensure low intra-abdominal 
pressure; consider open access

Gain control, apply direct pressure, suture 
ligate, and/or consider conversion

[11–14]

Visceral injury Survey the viscera upon completion [12–16]
Gas embolism Evacuate pneumoperitoneum, place in 

Trendelenburg and left lateral decubitus 
position, administer 100% oxygen

[17]

Subcutaneous 
emphysema

Avoid extraperitoneal insertion 
of Veress needle and trocars

Monitor spontaneous resolution [17,18]

Trocar-site hernia Use noncutting trocars; close 
fascial defects >10 mm

Investigate trocar-site pain thoroughly [18,19]
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How to Avoid and Manage Key Complications of Laparoscopic Procedures

Complications Methods of Avoidance Comments References

Cholecystectomy
Bile duct injury Establish critical view of safety; perform 

cholangiography; consider fundus-first 
technique and/or subtotal cholecystectomy

Transect difficult cystic ducts using clip, 
suture, vessel sealing device, or stapler 
methods

[27–29]

Vascular injury Establish critical view of safety [28]
Bile and stone spillage Dissect carefully; avoid excessive 

electrosurgery
Aspirate bile and extract stones when 
feasible

[30]

Fundoplication
Bleeding Avoid blind use of electrosurgery; protect 

spleen
Control short gastric vessels with sealing 
device or clips; control splenic injury with 
pressure, hemostatic agents, and/or 
electrosurgery

[31]

Wrap failure Use permanent suture; close hiatal defect; 
incorporate esophagus into wrap stitches; 
ensure adequate intra-abdominal 
esophageal length

Dilate for dysphagia initially; reoperate for 
symptoms

[31–33]

Overly tight wrap Calibrate with 54–60 F bougie [33]
Esophageal injury Pass blunt bougie slowly; avoid anterior 

retraction of esophagus
Repair perforation and cover with wrap 
intraoperatively; repair, divert, and/or 
stent postoperatively

[34]

Inguinal herniorrhaphy
Bleeding Identify triangle of doom; avoid retraction of 

epigastric vessels
Control minor vessel bleeding; convert for 
major vessel hemorrhage

[35,36]

Wound infection Use perioperative antibiotics Treat with antibiotics [35–37]
Seroma/hematoma Completely reduce the hernia sac Counsel patients regarding the likelihood 

of seroma
[35–37]

Urinary retention Minimize perioperative fluids; insert catheter Catheterize and administer medications as 
indicated

[35–37]

Recurrence Impact modifiable risk factors; reduce entire 
hernia sac; select a lightweight mesh that 
covers myopectineal orifice

Train to proficiency so as to lower rate of 
recurrence

[35–38]

Chronic pain Secure lightweight mesh above the inguinal 
ligament using absorbable fixation; avoid 
Triangle of Pain

Maximize medical management; consider 
reoperation (triple neurectomy) for pain 
>1 year

[35–38]

Ventral herniorrhaphy
Visceral injury Stabilize the Veress needle, perform saline 

drop test, and ensure low intra-abdominal 
pressure; consider open access

Survey the viscera upon completion [12–16]
[40–43]

Postoperative pain Augment narcotics with nonsteroidal 
anti-inflammatory drugs; inject local 
anesthetic

Consider preoperative epidural in select 
cases

[40–43]

Paralytic ileus Minimize narcotics [40–43]
Wound infection Use perioperative antibiotics Treat with antibiotics [40–43]
Seroma/hematoma Use semi-permeable mesh; excise hernia sac Counsel patients regarding the likelihood 

of seroma
[35–37]
[40–43]

Recurrence Impact modifiable risk factors; remove 
foreign body; implant barrier-coated 
synthetic mesh with 4–5 cm overlap; secure 
mesh with transfascial sutures

Counsel patients regarding smoking 
cessation and weight loss; select the right 
mesh for the right patient; maximize 
tissue ingrowth by good technique

[40–43]

Gastric bypass
Anastomotic bleeding Use lower staple height (3.5 mm); inspect 

lumen for staple line bleeding
Manage medically in most cases [46,47]

Anastomotic stricture Use linear or wider (25 mm) circular stapler; 
minimize ischemia

Dilate and/or reoperate for symptoms [48]

Anastomotic leak Use meticulous technique, minimize 
ischemia; avoid electrosurgery around 
staples

Reoperate for early leaks; consider 
nonoperative vs. operative management 
for late leaks

[44–48]
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This chapter will focus on various complications 
associated with diagnostic and therapeutic breast 
interventions.

21.1  Complications Associated with 
Diagnostic Interventions

Obtaining tissue biopsy is the key to proceeding with 
any abnormal clinical or radiological findings when it 
comes to breast lesions. Various methods exist, depend-
ing whether the lesion is palpable or not.

For nonpalpable lesions: Options include ultrasound 
(US)-guided fine-needle aspiration cytology (FNAC), 
core needle biopsy (CNB) with US or stereotactic guid-
ance, vacuum-assisted stereotactic (mammotome) CNB, 
and excisional biopsy with US-guided or mammo-
graphically assisted needle localization.

For palpable lesions: Options include FNAC, CNB, inci-
sional biopsy, and excisional biopsy.

Regardless of the modality used to obtain tissue diag-
nosis, the complications associated with the aforemen-
tioned procedures are generally rare and associated 
with low morbidity. These include the following:

 1. Hematoma/seroma: Incidence ranges from 1%–3% 
[1], usually evident within the first 24–48 h after 
the procedure. Most can be treated with reas-
surance and expectant management. Some 
will drain spontaneously; others with be reab-
sorbed. Surgical drainage is generally reserved 
for hematomas that are large and expanding or 
occurring immediately after surgery.

  Seromas can sometimes develop, and usually 
are managed expectantly. Fluid collections may 
also become infected; in these cases, the puru-
lent fluid needs surgical drainage.

 2. Wound infections: Wound infections are 
relatively rare, with an overall incidence of 
1%–2%. Treatment is with oral or intravenous 
antibiotics.

 3. Sample error (false negative rates): The incidence of 
sampling error is low (0.5%–2%). The significant 
improvement in imaging modalities has mini-
mized these types of errors, although they are 
still considered operator dependent. An impor-
tant aspect to invasive diagnostic modalities is 
to image the excised tissue to confirm accurate 
procurement of the pathology. Surgeons typi-
cally send the needle localizing (NLOC) partial 
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mastectomy samples to radiology immediately, 
to confirm complete removal of the mammo-
graphic abnormality.

21.2  Complications of Breast Conservation 
Therapy for Breast Cancer

This section includes complications associated with sur-
gery as well as subsequent radiation therapy.

21.2.1 Wound Complications

Lymphedema and cellulitis of the breast after breast 
conservation therapy [2–4] should not be confused with 
the prototypical postsurgical wound infection (charac-
terized by substantial wound site warmth, tenderness, 
redness, and seropurulent drainage that occurs within 
the first postoperative week). The lymphatic channels of 
the breast are compromised by axillary dissection and 
breast irradiation [5–7]. The resulting lymphedema is 
often early and temporary because collateral lymphatic 
drainage develops through the dermal and subcuta-
neous lymph vessels of the breast, chest, and shoulder 
and through higher-level axillary nodes, interpectoral 
nodes, and internal mammary nodes.

Cellulitis or lymphangitis is not always bacterial in 
origin. It may also be caused by an inflammatory reac-
tion to stagnant lymphatic drainage and protein exu-
dates. In such cases, the problem responds to expectant 
management or anti-inflammatory agents.

Clinically significant lymphedema in the upper extrem-
ity occurs in 5%–8% of patients after axillary dissection, 
whereas debilitating lymphedema rarely occurs [3,4].

Staren et al. [4] reported 5% incidence of chronic cel-
lulitis or lymphangitis among 184 breast cancer patients 
treated with conservation therapy (lumpectomy, axil-
lary dissection, and irradiation). Age, volume of breast 
tissue excised, number of lymph nodes excised, tumor 
location, stage of disease, and adjunctive therapy were 
significant risk factors for such complications. The cellu-
litis may take several weeks to clear, and/or it may recur 
or persist. It must always be remembered that cellulitis 
or lymphangitis can represent an aggressive, inflamma-
tory recurrence of breast cancer; so if the cellulitis per-
sists for more than 4 months, biopsy is indicated.

21.2.2 Cosmesis

Multiple studies looked at the cosmetic outcomes from 
breast conservation therapies and classified them using 
a four-point system (excellent, good, fair, and poor), with 

the last two being considered a failure in achieving the 
targeted cosmetic outcome. If breast conservation is to 
be an acceptable alternative to mastectomy, it must rou-
tinely achieve a very high cosmetic or aesthetic standard.

Surgical factors that contribute to a poor or only fair 
cosmetic outcome are excessive resection, the use of 
drains to evacuate fluid from the lumpectomy defect, 
multiple reexcisions, and excessive undermining of sur-
rounding skin [8]. The placement and orientation of the 
incision are important for cosmesis and optimal local 
control: transverse or curvilinear incisions are optimal 
for lumpectomy in the upper hemisphere of the breast; 
inferior radial incisions also are acceptable.

Radiotherapy is an important factor for cosmetic out-
come. Whole-breast doses in excess of 20 Gy, the use of 
tumor bed boosts, the use of multiple radiation fields, 
and irradiation of the regional lymph vessels are signifi-
cant risk factors for an adverse cosmetic outcome. The 
adverse effects of radiotherapy on cosmesis are time 
dependent, evolving over a period of years [9–11].

21.2.3 Ipsilateral Recurrence of a Breast Tumor

Of the many factors that influence the incidence of ipsi-
lateral recurrence of a breast tumor, only margin status, 
tumor size, and multicentricity relate directly to the sur-
gical procedure. Excision of all gross disease is essen-
tial for control of tumor in the breast. Recurrence is four 
to five times more likely when gross tumor involves 
one or more surgical margins, even when the breast is 
adequately irradiated [12]. Tumor resection with histo-
logically demonstrated tumor-free margins provides 
optimal disease control [13]. Most surgeons and oncolo-
gists consider such clear margins the standard of care 
for breast-conserving surgery in the management of 
early breast cancer.

There is little agreement among surgeons and pathol-
ogists, however, about the optimal method of assessing 
surgical margins during breast-conserving procedures. 
The method used in the trials supported by the 
National Surgical Adjuvant Breast and Bowel Project 
(NSABP) provides a useful reference point because it 
has been validated in multiple clinical studies. Using 
intraoperative frozen sections or touch preparations to 
verify that the margins are clear minimizes the need for 
repeat lumpectomy or completion mastectomy [14,15].

Tumor size and the presence of multicentricity are 
important factors in determining whether breast-
conserving procedures are appropriate. Recurrence is 
more likely with increased tumor size and with mul-
tifocality or multicentricity [15]. Tumors larger than 
4 cm in diameter are generally not amenable to breast 
conservation unless the breast is large. One of the most 
subtle surgical judgments related to management rec-
ommendations is the size of the tumor relative to the 
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size of the breast. Histologically demonstrated clearance 
of tumor must be achieved, and a cosmetically accept-
able result should be realized. If the results of the tumor 
resection are suboptimal, mastectomy with reconstruc-
tion is preferable for both tumor control and aesthetics. 
Excellent results can be achieved with current methods 
of breast reconstruction (see later text).

21.2.4 Late Carcinogenesis

Earlier studies showed that patients who undergo breast 
or chest wall radiotherapy (XRT) for cancer of the breast 
have a slightly elevated risk of second neoplasms; this 
increased risk becomes evident many years after treat-
ment. Therefore, it has been assumed that patients most 
at risk of late carcinogenesis are those treated for breast 
cancer at a young age and those with a good progno-
sis (those who are likely to be long-term survivors). 
However because the patients included in the studies 
that led to these assumptions were treated with radio-
therapy techniques that are now outdated, the risk of 
second neoplasms may have been overstated. The many 
recent technological improvements in the types of ion-
izing radiation used and in the methods of delivering 
such radiation may reduce the risk of late carcinogenesis 
for patients with breast cancer, who are currently under-
going breast conservation treatment with XRT.
Bone marrow cancer: The NSABP trials [16] and a large 
case–control study of 82,700 patients treated between 
1973 and 1985 reported a late increase in the incidence of 
leukemia among patients with breast cancer who were 
treated with XRT [17]. The estimated radiation dose to 
the bone marrow in the 1985 study was 7.5 Gy.

Fisher et al. described 5 of 646 women receiving 
postoperative regional radiation developed leukemia, 
an overall risk of 1.39% ± 0.49% at 10 years. Twenty-
seven cases of leukemia (0.5%) and seven cases of 
myeloproliferative syndrome (0.1%) were recorded in 
5299 patients who received l-phenylalanine mustard 
(l-PAM)-containing regimens. The maximum cumula-
tive risk of leukemia in chemotherapy recipients (leuke-
mia of any type and myeloproliferative syndrome) was 
1.68% ± 0.33% at 10 years following operation [16].
Contralateral breast cancer: Current methods of irradiat-
ing the breast after lumpectomy unavoidably expose 
the opposite breast to a low dose of ionizing radiation, 
approximately 0.5 Gy [18,19]. Three large population-
based studies demonstrated that adjuvant XRT to the 
breast or chest wall modestly increases the relative risk 
of contralateral breast cancer (RR 1.33) [19,20,24]. This 
finding suggests that the magnitude of the carcinogenic 
effect is very low. A case–control study reported a small 
but significant increase in the risk of contralateral breast 
cancer only for patients 45 years of age or younger at the 
time of XRT (fewer than 3% of all second breast cancers 

in this study could be attributed to previous radiation 
treatment) [20].
Lung cancer: A study obtained from 1983 through 1986 
showed that patients with breast cancer treated with 
XRT to the conserved breast or the chest wall were at 
increased risk of squamous cell carcinoma, small cell car-
cinoma, and adenocarcinoma of the ipsilateral lung [21]. 
The latency period was 10 years. Radiation dosimetry 
suggests that whole-breast megavoltage teletherapy at 
a dose of 6 MeV exposes the ipsilateral breast to 21% of 
the entire dose and the lungs to 1.2% of the entire dose. 
According to Inskip et al. approximately nine cases of 
radiotherapy-induced lung cancer per year would be 
expected to occur among 10,000 women who received 
an average lung dose of 10 Gy and survived for at least 
10 years. For these 10-year survivors of breast cancer, the 
overall relative risk (RR) of lung cancer associated with 
initial radiotherapy for breast cancer was 1.8 (95% confi-
dence interval [CI] = 0.8–3.8), and the RR increased with 
time following treatment. The RR for periods of 15 years 
or more after radiotherapy was 2.8 (95% CI = 1.0–8.2). 
Mean dose was 15.2 Gy to the ipsilateral lung, 4.6 Gy to 
the contralateral lung, and 9.8 Gy for both lungs com-
bined. The excess RR was 0.08 per Gy [22].

Another case–control study in Connecticut looked at 
women with primary breast cancers treated with XRT 
who developed secondary malignancy between 1986 
and 1989. No radiation effects were observed within 
10 years of initial primary breast cancer. Among both 
smokers and nonsmokers diagnosed with second pri-
mary cancers more than 10 years after an initial primary 
breast cancer, radiation therapy was associated with a 
threefold increased risk of lung cancer. A multiplicative 
effect was observed, with women exposed to both ciga-
rette smoking and breast cancer radiation therapy hav-
ing a RR of 32.7 (95% confidence interval [CI], 6.9–154). 
The radiation carcinogenic effect was observed only for 
the ipsilateral lung and not for the contralateral lung 
both in smokers and nonsmokers [23].
Esophageal cancer: A retrospective, population-based 
cohort study of more than 220,000 patients with breast 
cancer demonstrated that, after 10 years of follow-up, 
the RR of squamous cell carcinoma of the esophagus for 
women undergoing XRT was 5.42 (95% CI, 2.33–10.68), 
whereas that for esophageal adenocarcinoma was 4.22 
(95% CI, 0.47–15.25).
Soft-tissue sarcomas: (Angiosarcoma, lymphangiosar-
coma, and Stewart–Treves syndrome) may arise in irra-
diated tissues many years after XRT for breast cancer. 
Although the incidence of these sarcomas is low and 
the latency period is long, these are virulent neoplasms. 
Lymphangiosarcoma accounts for the most common 
histological subtype (46%). Younger patients may be at 
higher risk than are older patients for the development 
of nonlymphangiosarcoma posttreatment sarcoma [25].
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21.2.5 Cardiac Morbidity and Mortality

Excessive rates of late cardiac morbidity and mortality 
among breast cancer patients treated with XRT have 
been documented in several long-term studies [26], 
mostly related to acceleration of the atherosclerotic pro-
cess. However, newer techniques in radiotherapy have 
been implemented to reduce the risk of postradiation 
cardiac morbidity.

Trastuzemab, which has shown to improve survival 
in HER2 positive early breast cancer, has adverse effects 
on the heart (namely, trastuzemab-induced cardiotox-
icity [TIC] and heart failure). One study showed that 
among 179 patients, 78 cases of TIC (44%, 95% CI 37%–
51%) and 4 cases of heart failure (2%, 95% CI 0%–4%) 
were reported. Fourteen patients stopped trastuzemab 
as a result of TIC [27].

TIC is a frequent, but generally mild, adverse event in 
clinical practice. Further studies are warranted to better 
define the risk of and protective factors for TIC.

21.2.6  Compromised Surveillance 
of the Treated Breast

The combined effects of surgery and irradiation can 
make posttreatment surveillance of the conserved 
breast a challenge. Early effects such as dermal and 
parenchymal edema and late effects such as fibrosis and 
fat necrosis in the treated breast can confound clinical 
and mammographic surveillance for recurrent disease 
or new primary tumors [28].Consequently, in such cases 
the surgeon must more frequently resort to CNB or 
open biopsy.

21.2.7  Complications of Breast Biopsy after 
Breast Conservative Therapy

Biopsy of the treated breast is associated with an 
increased risk of wound complications and is detri-
mental to cosmesis. The exaggerated postoperative 
fibrotic response hinders subsequent surveillance of 
the breast. Pezner et al. reported that wound infec-
tions occurred after 8 of 27 open biopsies performed 
on patients who had undergone breast-conserving 
therapy [29]. Three infections resolved within 4 
weeks; four required 3–7 months for complete reso-
lution; and one failed to resolve. On rare occasions, 
intractable wound complications, biopsy-induced 
cosmetic deterioration, or the inability to evaluate the 
breast for disease can necessitate total mastectomy in 
the absence of recurrent cancer. Reported complica-
tion rates associated with salvage surgery for recur-
rence after breast conservation range from 7% to 26% 
[30,31].

21.3  Complications Associated with 
Axillary Lymph Node Dissection 
and Sentinel Lymph Node Biopsy

Sentinel node biopsy (SNB) technology has dramati-
cally improved the quality of life for women with breast 
cancer. One method of SNB entails injecting a blue dye 
(iosulfan blue) around the areola or around the tumor. 
The dye will terminate in the lymphatics around the 
subclavian vein after passing an isolated node (the sen-
tinel node), which drains the lymph first. Another way 
of performing SLNB is by injecting a radiocolloid and 
using a gamma probe to detect the strongest signal from 
the axilla. Some surgeons use both techniques simulta-
neously to enhance the ability to accurately identify the 
sentinel node.

Multiple studies were done comparing complications 
associated with ALND vs. SNLB, followed by ALND 
dissection; only if the SLN was positive, there was a sig-
nificant reduction in all complications in the SLN group 
of patients [32,33].

The National Surgical Adjuvant Breast and Bowel 
Project (NSABP) B-32 trial randomized 5611 women 
with clinically node-negative breast cancer either to SNB 
plus ALND or to SNB alone, with ALND performed 
only if there was evidence of metastasis to the sentinel 
nodes. With a median time of follow-up of 95.6 months, 
the overall survival, disease-free survival, and regional 
control were equivalent between the two groups. Thus, 
when the sentinel node reveals no evidence of meta-
static disease, SNB alone with no further ALND appears 
to be a safe and effective therapy. In this trial, a total of 
1975 ALND and 2008 sentinel node-negative breast can-
cer patients had shoulder range of motion and arm vol-
umes assessed along with self-reports of arm tingling 
and numbness. Significant shoulder abduction deficits 
were seen in the ALND group compared with the SNB 
group at 6 months. Arm volume differences and numb-
ness and tingling at 36 months also were significantly 
worse for the ALND groups [32,33].

In the Axillary Lymphatic Mapping Against Nodal 
Axillary Clearance (ALMANAC) trial, Mansel et al. 
randomized 1031 patients with primary breast cancer to 
SNB vs. standard ALND. The SNB group had a lower 
incidence of lymphedema, shorter drain usage and hos-
pital stay, and reduced time to resumption of everyday 
activities compared with the ALND group. The RRs 
of lymphedema and sensory loss for the SNB group 
compared with the ALND group at 12 months were 
0.37 (95% confidence interval (CI), 0.23–0.6), and 0.37 
(95% CI, 0.27–0.5), respectively, and patient-recorded 
quality of life and arm functioning scores were signifi-
cantly better in the SNB group [32,33].
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In a trial conducted in Milan, Veronesi et al. ran-
domized 516 patients with tumor size 2 cm or less in 
diameter to ALND vs. SNB followed by ALND only 
for patients with metastasis to the sentinel nodes. After 
2 years of follow-up, patients who underwent SNB alone 
had significantly less pain (8% vs. 39%), less numbness 
(1% vs. 68%), and better arm mobility (0% vs. 21%) com-
pared with patients who had a routine ALND, indicat-
ing a significant quality of life (QoL) improvement with 
SNB alone [32,33].

The Gruppo Interdisciplinare Veneto di Oncologia 
Mammaria (GIVOM) trial randomized 697 patients to 
SNB vs. ALND and reported significantly less lymph-
edema, movement restrictions, and numbness in 
patients who underwent SNB at 24 months of follow-up. 
In addition, the investigators found that overall QoL 
was better in the SNB group.

Purushotham et al. randomly assigned 298 patients 
with tumors less than 3 cm to ALND (control group) vs. 
SNB followed by ALND only if sentinel nodes were posi-
tive (study group). They reported significant reductions 
in sensory deficits in the study group compared with the 
control group, including numbness (48% vs. 65%), loss of 
sensitivity to light touch (57% vs. 78%), and pinprick (55% 
vs. 76%; P0.001). However, with prolonged follow-up, the 
benefit of SNB appeared to diminish [32,33].

Greater body weight, higher body mass index (BMI), 
and infection or injury in the ipsilateral arm since sur-
gery were found to be significant risk factors associated 
with lymphedema. Kell et al. published the results of 
a meta-analysis of seven randomized, controlled trials 
with a total of 9608 patients, which examined the effect of 
SNB on morbidity. The trials included were NSABP-B32, 
SNAC, GIVOM, ACOSOG Z0011, ALMANC, Milan, and 
Purushotham’s trial. This meta-analysis demonstrated 
a significant reduction in the risk of postoperative 
seroma (OR= 0.4, P = 0.0071), wound infection (OR = 0.58, 
P = 0.0011), lymphedema (OR = 0.3, P = 0.0028), and 
extremity numbness (OR = 0.25, P = 0.0018) in the SNB 
group compared with the ALND group.

21.4  Complications Associated with 
Breast Reconstruction

Breast reconstruction is well accepted as an important 
part of overall therapy for breast cancer. Numerous 
techniques are available for reconstruction. The 
surgical oncologist, medical oncologist, and plastic/
reconstructive surgeon must therefore work together to 
provide a safe and effective treatment plan that elimi-
nates the cancer and restores the patient’s appearance. 

One of the first decisions is whether breast reconstruc-
tion should be performed immediately after mastec-
tomy or be delayed. Both methods are effective, but 
most reconstructive surgeons believe that immediate 
reconstruction, especially with the skin-sparing mas-
tectomy technique, provides psychological benefits and 
better overall results, by reducing the scar burden, and 
eliminating the effect of color difference with no effect 
on local recurrence [34,35].

The overall benefit should, however, be placed into 
the context of new information about adjuvant therapy 
such as postoperative chemotherapy and irradiation 
and the effects of immediate reconstruction on the 
treatment plan. Consequently, the risks and benefits of 
each type of reconstruction must be carefully discussed 
with the patient to allow for a completely informed 
decision about reconstruction. Whether immediate or 
delayed reconstruction is chosen, it should be initiated 
only after the patient has recovered from any adjuvant 
therapy that may have been administered. An adequate 
recovery period should be allowed after reconstructive 
surgery so that healing can occur before other poten-
tially complicating therapy such as chemotherapy or 
irradiation is administered.

Breast reconstruction can be viewed as providing a 
replacement for the skin and tissue volume that were 
removed during the mastectomy. Two approaches are 
used to achieve this result. One approach, tissue expan-
sion and implant placement, expands the adjacent skin 
and muscle to cover a silicone prosthesis filled with 
saline solution or silicone gel, which is used to replace 
lost breast volume. The second technique replaces the 
lost skin and volume with an autologous tissue flap 
composed of skin, subcutaneous fat, and, at times, fascia 
and muscle. Some hybrid techniques use the implant to 
provide missing volume and a flap of tissue to replace 
the skin deficit. Because a diagnosis of breast cancer is 
stressful and the treatment decisions are complicated, 
it is most important that patients have a clear under-
standing of the options for reconstruction and the nec-
essary risks of reconstruction. Once this understanding 
has been obtained, most complications associated with 
breast reconstruction can be treated effectively.

21.4.1 Implant Reconstruction

Implant reconstruction in the form of tissue expansion 
followed by placement of a permanent implant is an 
accepted practice. Because the operative time and hos-
pitalization period associated with this procedure are 
short, implant reconstruction is popular among sur-
geons and patients. This technique involves placing an 
underfilled tissue expander into a surgically created 
pocket behind the lower portion of the pectoralis muscle 
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at the base of the inframammary fold. This procedure 
can be performed as an immediate reconstruction after 
a mastectomy or as a delayed reconstructive procedure. 
In either case, after the wound has adequately healed, 
an injection port connected to the implant is accessed 
with a needle, and normal saline solution is injected 
at intervals to expand the skin and muscle and thus to 
create a pocket large enough for the subsequent, per-
manent implant. Once the tissue has been expanded, a 
second surgical procedure is performed to exchange the 
expander for a permanently placed implant that gives 
the patient a new breast with volume and adequate 
soft-tissue coverage. This operation can be followed by 
nipple reconstruction and, if needed, a symmetry pro-
cedure for the opposite breast.

Implant reconstruction is best suited for patients who 
do not smoke and who have smaller, less ptotic breasts 
because creating ptosis with implants is difficult (mean-
ing that the angle between the inferior breast margin 
and the chest wall is greater than 90°). A study from 
Finland has shown that it will take 3 months after plac-
ing the tissue expander to create the inframammary 
fold, before a permanent implant placement [36].

Although implant reconstruction requires relatively 
short procedures that are not systemically stressful, the 
multiple stages and demanding office visits for expan-
sion are undesirable. Most important, the number of 
potential complications and the frequency with which 
they occur make tissue expansion and implant recon-
struction less attractive than other procedures.

The Saline Prospective Study [37], conducted over a 
3-year period and published by implant manufacturer 
Mentor Corporation, determined the cumulative indi-
vidual risk rates for the following complications: capsule 
contracture, 30%; infection, 9%; rupture or deflation, 
9%; asymmetry, 28%; wrinkling of the implant, 20%; 
extrusion, 2%; seroma, 6%; hematoma, 1%; and breast 
pain or inflammation, 17%. The reported reoperation 
rate for patients who underwent this type of reconstruc-
tion was 40%.

The incidence of capsule contracture associated with 
tissue expansion and implant reconstruction has been 
reported to be as high as 50%, particularly with silicone 
implants [38]. Capsule contracture can be very diffi-
cult to correct. In such cases, the implants will become 
firm or even hard and can even be displaced. Capsule 
contracture can have many causes, but contributing 
factors may be low-grade infections, undrained hema-
tomas, silicone gel leakage, and foreign-body reactions 
[39]. The rates of contracture appear to be lower when 
implants are placed below the pectoralis muscle. Saline-
filled implants, antibiotic irrigation (as described by 
Burkhardt et al. using 5% povidone iodine), and intralu-
minal administration of steroids may decrease the rate 
of these complications [39]. Treatment includes removal 

of the implant and, if possible, total capsulectomy with 
removal of any leaking silicone gel. A new implant is 
placed under the pectoralis muscle.

Radiation therapy before or after reconstruction fur-
ther complicates implant reconstruction. Radiation ther-
apy after such reconstruction is associated with high 
infection rates, which may subject the patient to further 
procedures or even removal of the implant.

Infections can be managed with intravenous antibiot-
ics. Failure of medical management will require removal 
of the implant.

Rupture of a saline implant is easily detected because 
of the loss of breast volume, but rupture of a silicone 
gel implant can be more difficult to diagnose because 
the gel frequently remains in the capsule. Breast US can 
be helpful, but magnetic resonance imaging performed 
with a machine equipped with a breast coil is associated 
with higher sensitivity and specificity [40]. Treatment 
includes removing the implant and any remaining gel 
and, if possible, a total capsulectomy to remove the 
excess silicone gel.

Postoperative hematomas usually occur early but may 
occur as late as 7–14 days after surgery [41]. The cause 
is either bleeding from a previously controlled vessel or 
diffuse oozing. Careful intraoperative hemostasis is the 
key to prevention. Seromas result from pocket dissection 
and are generally detectable as a soft, nontender swell-
ing that results in asymmetry. Many seromas will resolve 
spontaneously within a week or two. Placing a drain can 
help, but prolonged use of drains can lead to infection.

One important point that cannot be overlooked is the 
relationship between breast implants, particularly those 
used in augmentation mammoplasty, and breast cancer.

Breast implants obscure some portion of the breast 
during mammography. One report demonstrated that 
as much as 44% of the breast can be obstructed by sub-
glandular silicone gel breast implants and as much as 
25% can be obstructed by submuscular implants [42]. 
Capsule contracture also limits the amount of breast tis-
sue that can be seen on postoperative mammograms [43]. 
Long-term studies have shown that delayed detection of 
breast cancer does not appear to be a serious problem 
for patients with breast implants, nor is their progno-
sis poorer than that of patients without implants [44]. 
Diagnostic procedures such as needle biopsies and lym-
phatic mapping may not be recommended for patients 
with breast implants; open procedures should be used 
instead. For patients with breast cancer, implants may 
make lumpectomy impossible and may necessitate 
mastectomy.

21.4.2 Autologous Reconstruction

The unique aspect of autologous reconstruction is that 
the entire reconstruction is achieved with the patient’s 
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own tissue in a more aesthetically pleasing breast than 
does implant reconstruction. In addition, autologous 
reconstruction may provide a psychological benefit to 
the patient [45].

Several donor sites can be used for autologous recon-
struction. Each site is associated with particular types 
of morbidity and with potential benefits to the patient, 
but not all options will be possible for all patients. The 
surgeon and the patient should carefully consider the 
options and develop a plan that is acceptable to both.

The technique most commonly used for autologous 
breast reconstruction is the transverse rectus abdomi-
nis myocutaneous (TRAM) flap. This ideal flap uses the 
skin, fat, and muscle of the lower abdomen to replace 
the breast defect. The TRAM flap can be transferred as a 
pedicled flap based on the deep superior epigastric artery 
and the rectus abdominis muscle. Others have used the 
same abdominal tissue with a segment of the rectus 
muscle and transferred it as a microvascular free flap 
based on the deep inferior epigastric artery. Both the 
free flap and the pedicled flap provide a large amount 
of viable tissue and allow the reconstruction to be tai-
lored to the desired shape and size. Because it is a com-
plicated procedure, TRAM flap reconstruction requires 
a lengthy operation and an extended hospitalization. A 
relatively long recuperation period with limited activity 
is required for limiting some of the morbidity associated 
with the procedure, such as incisional hernias or lower 
abdominal bulges. However, the aesthetic result is bet-
ter than that achieved with other reconstructive proce-
dures. An outcome study at the University of Michigan 
found that breast reconstruction with the TRAM flap 
was generally and aesthetically more satisfying than 
reconstruction with tissue expansion and implants [46].

Several potential complications are associated with 
the use of the TRAM flap, including partial or total flap 
loss, improper wound healing at the donor or recipi-
ent site, palpable fat necrosis of the flap, and abdominal 
bulging, hernia, or weakness. Deep venous thrombosis 
and pulmonary embolus are extreme complications. 
Patient choice is crucial if these complications are to be 
kept at an acceptable level. Hartrampf [47] identified the 
risk factors associated with poor outcome in TRAM flap 
reconstruction, to help identify the patients who are can-
didates for this procedure. The most important risk fac-
tors were obesity, smoking, autoimmune diseases such 
as scleroderma, diabetes (especially insulin-dependent 
diabetes), psychosocial problems, abdominal scars that 
could affect the perfusion of the abdominal flap, and, of 
course, a serious systemic disease such as chronic lung 
or heart disease.

Probably the most serious complication of TRAM flap 
reconstruction is flap necrosis. The incidence of necrosis 
ranges from 2% to 6% [48]. Some studies have shown 
that some degree of necrosis will be detected clinically 

or radiologically in up to 19% of patients undergoing 
TRAM reconstruction. Occasionally, contour deformity 
may require repeated excision of excess tissue. Several 
procedures have been devised to improve the vascular 
perfusion to the flap tissue.

A delayed TRAM flap procedure performed approxi-
mately 2 weeks before transfer may improve the vascu-
lar perfusion of pedicled TRAM flaps and may reduce 
the incidence of partial or full necrosis of the flap [49]. 
Some surgeons choose to use the free-vascularized 
TRAM flap for breast reconstruction because of its 
more direct blood supply, and because clinical evidence 
shows that the free flap is less subject to fat necrosis than 
the pedicled TRAM flap [50]. Small areas of flap necrosis 
can be managed by simple observation and local care, 
and revisions can be performed at a later stage of recon-
struction. Large necrotic areas on mastectomy skin flaps 
or on the TRAM flap should be excised and closed in the 
earlier stages of reconstruction so that the optimal final 
result can be achieved.

Abdominal bulging and hernia formation are com-
mon problems associated with the use of either free or 
pedicled TRAM flaps for breast reconstruction, with an 
incidence of 3.8% and 2.6%, respectively. Reinforcing the 
rectus fascia closure with mesh is most helpful in reduc-
ing the incidence of this problem [51].

More recently, a modification of the TRAM flap, the 
deep inferior epigastric artery perforator (DIEP) flap, 
has been shown to be an improvement over the free 
or pedicled TRAM flap. The DIEP flap uses the same 
abdominal tissue for reconstruction as the TRAM flap; 
however, the rectus muscle and the abdominal fascia 
are completely spared. Although this flap requires 
a complicated dissection of the perforatoring ves-
sels passing from the deep inferior epigastric artery 
and vein through the rectus abdominis muscle to 
the abdominal fat and also requires a microvascular 
anastomosis, the reported results have been excellent. 
Most postoperative abdominal bulges and hernias are 
eliminated. Muscle strength and function are out-
standing. Postoperative pain is reduced and hospital-
ization may be shorter [52–55]. Although the vascular 
supply to this flap is more compromised than that of 
the free TRAM flap, careful patient choice will keep 
flap necrosis rates similar to those associated with the 
free TRAM flap [55].

Some patients, particularly those who are very thin or 
who have abdominal scars, will not be the candidates for 
breast reconstruction with abdominal flaps. Alternative 
autologous flaps, such as the latissimus dorsi flap, the 
gluteus myocutaneous flap, and the thigh and hip flaps 
can be used.

Hybrid flaps such as the TRAM flap or the latissimus 
dorsi myocutaneous flap with permanent implants are 
alternatives for reconstruction. Covering a permanent 
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implant with autologous tissue allows the skin defect to 
be replaced by the flap and the volume to be replaced by 
an implant. The results obtained by using hybrid flaps 
can be excellent; however, these procedures are associ-
ated with some of the same long-term problems as are 
implants, such as infection, rupture, and capsule con-
tracture. The latissimus dorsi myocutaneous flap with 
implant is the most popular of these hybrid flaps. The 
most common complication associated with this flap is 
seroma formation at the donor site. This complication 
can be easily managed by repeated aspiration. The post-
operative function of the shoulder muscle is good, with 
only minimal limitations [56–58].

The gluteus myocutaneous flap and its modification 
and the superior gluteal artery perforator (S-GAP) flap 
(a perforator flap based on the superior gluteal artery) 
are alternatives for autologous reconstruction. These 
flaps can provide a good volume of adipose tissue, even 
in thin patients, and can also provide sensory innerva-
tion. Donor-site morbidity is minimal and the scar can 
be well hidden. One criticism of breast reconstruction 
with the gluteus myocutaneous free flap is that the dis-
section is difficult and the vascular pedicle is very short. 
When the perforator to the superior gluteal artery (the 
S-GAP flap) is used, the pedicle is much longer and the 

microvascular anastomosis can be performed to the 
internal mammary artery or the thoracodorsal artery 
[59]. The main complications associated with the S-GAP 
flap, such as flap loss and necrosis, appear to be similar 
to those associated with other microvascular breast 
reconstruction techniques.

21.5 Conclusion

Breast interventions, both diagnostic and therapeu-
tic, may result in complications that may in turn 
contribute significantly to the patient’s morbidity. 
Knowing these complications, how to deal with them, 
and most importantly, how to avoid them is crucial. 
Proper patient selection significantly affects the out-
come in breast interventions, especially when it comes 
to history of smoking, obesity, multiple comorbidities, 
and radiation exposure. The role of breast conservative 
surgery, sentinel lymph node biopsy, and the plastic/
reconstructive surgery plays an important role in 
improving the psychological and aesthetic outcome. 
However, these procedures are not risk free.

Incidence of Complications of Breast Surgery

Breast Intervention Complications Percentage (%) References

Diagnostic interventions Hematoma/seroma
Wound infections
Sampling error

1–3
1–2
0.5–2

Say et al. [1]
Say et al. [1]
Say et al. [1]

Breast conservation 
therapy

Cellulitis/lymphangitis
Poor cosmesis
Ipsilateral recurrence

5
12–22
9

Staren et al. [4]
Olivotto et al. [9]
Fisher et al. [15]

Late carcinogenesis Bone marrow
Contralateral breast CA
Lung cancer

0.1–0.5
<3
0.0009

Fisher et al. [16]
Boice et al. [20]
Inskip et al. [22]

Cardiac toxicity Trastuzemab-induced 
cardiotoxicity

Trastuzemab-induced 
heart failure

44
2

Farolfi et al. [27]
Farolfi et al. [27]

Sentinel node biopsy vs. 
axillary dissection 
SNB/ALND

Pain
Numbness
Arm mobility restriction
Lymphedema

8/39
1/68
0/21
0/68

Kumar et al. [33]
Kumar et al. [33]
Kumar et al. [33]
Kumar et al. [33]

Breast reconstruction
Implant reconstruction

Capsule contracture
Infection
Rupture
Asymmetry
Wrinkling of implant
Extrusion
Seroma
Hematoma
Breast pain

30
9
9
28
20
2
6
1
17

SPS [37]
SPS [37]
SPS [37]
SPS [37]
SPS [37]
SPS [37]
SPS [37]
SPS [37]
SPS [37]

Autologous 
reconstruction

Flap necrosis
Abdominal bulge
Hernia

2–6
3.8
2.6

Kroll et al. [48]
Kroll et al. [50]
Kroll et al. [50]
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22.1 Introduction

Complications associated with surgical procedures 
involving the thyroid and parathyroid glands are for-
tunately uncommon when these procedures are per-
formed by experienced surgeons. Conversely, even 
in experienced hands, these complications still occur, 
leading to substantial morbidity to these patients. This 
chapter will discuss the specific problems that may 
occur during operations on these important endo-
crine glands and will describe some methods that can 
reduce the risk of postoperative hematoma, recurrent 
and superior laryngeal nerve palsy, hypocalcemia, 
seroma, wound infection, and parathyroidectomy 
operative failure.

22.2 Postoperative Cervical Hematoma

Bleeding within the closed deep cervical fascia can be 
life threatening after thyroid resection. This complica-
tion is unusual after parathyroidectomy, unless exten-
sive exploration has been done. On the other hand, the 
thyroid gland is very vascular, and if any cut surface 
of this gland remains, as is common after lobectomy or 
partial thyroidectomy, significant bleeding may occur 
in as high as 1.6% of the patients.1–3

Hematoma formation resulting from either venous 
bleeding or an acute hemorrhage of a major artery can 
cause airway obstruction, which must be recognized 
early and treated with the utmost urgency. Should 
obstructive respiratory distress with cyanosis, agita-
tion, stridor, or an expanding neck mass occur, the 
wound and the deep cervical fascia must be opened 
immediately at the bedside to relieve pressure on the 
trachea. This procedure, rather than an attempt to rein-
sert a tube into the trachea of a patient who is awake 
and hypoxic, is the best way to obtain airway patency. 
Once the airway is clear, the patient should be sedated 
and returned to the operating room for safe evacuation 
of the remaining hematoma, hemostasis, and wound 
closure. Although this type of hemorrhage and airway 
obstruction is unusual, it is life threatening and calls 
for emergent therapeutic intervention. In contrast, cer-
vical hematoma without airway compromise can be 
managed in a less urgent manner with reexploration 
in the operating room. This procedure requires care-
ful monitoring of the airway while the patient is being 
transported to the operating room, and the surgeon 
should be prepared to open the wound immediately if 
progressive respiratory distress occurs.4

Several factors may help prevent postoperative cervi-
cal hematoma. Because many surgical patients may be 
receiving anticoagulation therapy, a good history should 
be collected, and these drugs should be withheld for an 
appropriate interval perioperatively, depending on the 
particular anticoagulant used. Meticulous attention to 
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hemostasis is useful and should include double ligation 
of a divided superior thyroid artery either with clips, 
ties, or additional energy devices. Some surgeons rec-
ommend suture ligation of the cut edge of any incised 
thyroid tissue with careful cauterization of its surface. 
Currently, many surgeons use energy devices for liga-
tion of vessels and division of isthmus, reporting no 
increase in postoperative bleeding.5 A tubular, closed 
suction drain can be used for patients who have under-
gone extensive dissection or who are experiencing 
continued loss of venous blood, but this drain may not 
prevent the formation of a hematoma, which may lead 
to a compromised airway.4,6 A small incisional dress-
ing, instead of a bulky one, will allow good monitoring 
of the neck and because most hematomas occur in the 
immediate postoperative period (4–6 h) or within 24 h 
after surgery, an overnight hospital stay for observation 
seems prudent. Routinely elevating the head to an angle 
of 30° decreases venous pressure in the neck area and it 
might decrease bleeding, although there is no data that 
supports this recommendation. Good anesthesia with 
spontaneous respirations and deep extubation at the 
end of the procedure will prevent coughing or retching 
on the endotracheal tube and possibly decrease the inci-
dence of hematoma.

22.3 Recurrent Laryngeal Nerve Injury

Injury to the recurrent laryngeal nerves during sur-
gical procedures involving the thyroid gland or the 
parathyroid gland is a very serious complication with 
a reported incidence of 0.3%–8%.7,8 On the other hand, 
voice change following thyroidectomy is a frequent 
complication occurring in 14%–17% of patients due 
to injury of superior laryngeal nerve, with some of 
these changes not showing any neural injury origin.9,10 
Stretching, clamping, pinching, or cutting the nerve, 
or using electrocautery near the nerve can cause palsy 
that may result in voice change, aspiration, and partial 
airway obstruction due to paralysis of a vocal cord. If 
both recurrent nerves are damaged, the paralyzed vocal 
cords may remain permanently in adduction, causing 
complete airway obstruction and necessitating reintu-
bation and tracheostomy.

The best way to prevent this serious complication is 
to develop a good understanding of the normal ana-
tomic position of these nerves, including variations that 
are either natural or caused by a slowly growing goiter. 
In approximately 20% of cases, the external branch of 
the superior laryngeal nerve extends inferiorly with the 
superior thyroid artery to a position at which damage 

is likely to occur when the blood supply to the supe-
rior pole of the thyroid is ligated. During resection of a 
large goiter, meticulous dissection as close as possible 
to the capsule of the thyroid, followed by clamping and 
ligation of individual vessels, will help prevent injury 
to this nerve, which is often not visualized. The right 
recurrent laryngeal nerve arises from the vagus in the 
inferior portion of the neck, passes around the innomi-
nate artery, and ascends obliquely in the tracheoesoph-
ageal groove until it penetrates the larynx at the level 
of the inferior horn of the thyroid cartilage lateral to 
Berry’s ligament. In 1% of patients, this nerve is non-
recurrent, traversing directly from the vagus.11 The left 
recurrent laryngeal nerve arises from the vagus, passes 
behind the aorta at the level of the ligamentum arterio-
sum, and then ascends, assuming the same trajectory as 
the right nerve.

The first step in preventing nerve injury is proper 
identification of the nerve, using blunt dissection with-
out cautery for hemostasis. The gland is lifted from its 
bed, while all branches of the nerve along its course to 
the entrance into the larynx are preserved. The recur-
rent nerve can be identified in several ways depending 
on the pathological anatomy. One way is to find the infe-
rior thyroid artery and to follow its medial course to the 
thyroid gland. The disadvantage of finding the nerve in 
relation to the inferior thyroid artery is that the anatomy 
can vary; the nerve can be located medial to, lateral 
to, or between the branches of this vessel, and it often 
branches before it reaches this area. Another way of 
identifying the recurrent nerve is to mobilize the infe-
rior pole of the thyroid to find the nerve in the tracheo-
esophageal groove. This dissection is also useful, but 
it is somewhat limited in the presence of a large goiter 
with substernal extension.

When the nerve has been found, dissection of the 
gland is continued, but always with good visualization 
of the nerve in an attempt to avoid trauma to this deli-
cate structure. It is imperative that patients be informed 
preoperatively about the risk of damage to the laryngeal 
nerves and about the consequences of such injuries. The 
informed consent process should include a discussion 
of the risk of this specific complication and such a dis-
cussion should be carefully documented in the patient’s 
chart since despite surgeon’s experience, recurrent 
laryngeal nerve injury will still occur in less than 1% of 
the patients undergoing thyroidectomy, usually due to 
neuropraxis.

Some surgeons have advocated nerve stimulation as 
helpful, but this technique has yet to gain wide accep-
tance especially among general surgeons. The surgi-
cal technique can be maintained, as described earlier, 
despite nerve monitoring, since the most commonly 
used nerve monitor system (NIM) required nerve 



235Complications of Thyroidectomy and Parathyroidectomy

© 2008 Taylor & Francis Group, LLC

visualization.12 There are other nerve monitors with 
one particular value since it is also a dissector. This 
monitor allows continued nerve monitoring during 
dissection, thereby locating the nerve without visu-
alization. Although the majority of studies evaluat-
ing nerve monitoring during thyroidectomy show no 
decrease in the incidence of permanent nerve injury 
and vocal cord paralysis, the incidence of temporary 
recurrent laryngeal nerve injury decreases when 
intraoperative nerve monitoring is used.13 The use of 
intraoperative nerve monitoring can also prevent the 
devastating complication of bilateral nerve injury caus-
ing airway obstruction, since the surgeon can assure 
the proper function of the initially explored nerve 
before excision of the opposite thyroid lobe.

22.4 Hypocalcemia

Postoperative hypocalcemia can be a serious compli-
cation after total thyroidectomy or extensive parathy-
roidectomy. Although this complication cannot always 
be predicted, it must be anticipated and treated as 
soon as symptoms appear, usually 6–16 h after surgery. 
Symptoms will include numbness or tingling in the fin-
gers or toes, or paresthesia around the lips. Chvostek’s 
and Trousseau’s signs may be useful in making the 
diagnosis, but symptoms are more important since they 
develop earlier than these signs. Treatment should be 
started as early as possible. A precipitous fall in serum 
calcium concentrations 12–16 h after surgery, or a total 
serum calcium concentration of less than 8 mg/dL on 
the morning after surgery, is an indication that calcium 
supplementation should be instituted. Permanent hypo-
calcemia occurs in 3.4%–8.6% of patients after total thy-
roidectomy.14,15 This complication has been reported to 
occur in 1%–30% of patients after parathyroidectomy, 
depending on the extent of the resection.16–18 Orally 
administered calcium preparations of 1 g given two or 
three times per day may be sufficient to prevent symp-
toms in patients undergoing parathyroid or thyroid 
resections, until the portion of the gland that remains 
responds to hypocalcemia and regains function. More 
severe hypocalcemia resulting in frank tetany may occur 
either temporarily or permanently. In these cases, vita-
min D supplementation or intravenously administrated 
calcium gluconate may be needed. Some surgeons 
would suggest prophylactic calcium supplementation 
for all patients undergoing total thyroidectomy, dem-
onstrating great results. Others use PTH levels postop-
eratively to decide whether patients should undergo 
calcium supplementation postoperatively.

The best course of action is prevention of postopera-
tive hypocalcemia. Parathyroid glands of normal size 
should always be preserved. Performing a biopsy of 
these glands increases the incidence of postoperative 
hypocalcemia; therefore, biopsy should be performed 
only when absolutely necessary; for example, to differ-
entiate a normal parathyroid from a metastatic lymph 
node in a patient with thyroid cancer.18

During parathyroidectomy, the surgeon should never 
excise any gland of normal size in an attempt to return 
the patient to normocalcemia. During unilateral thy-
roidectomy, normal parathyroid glands should not be 
resected on the basis of an assumption that contralateral 
thyroid lobectomy will not be necessary in the future. 
Devascularized normal parathyroid gland should be 
implanted on the sternocleidomastoid muscle even dur-
ing thyroid lobectomies.

Preservation of normal parathyroid gland function 
is helped by a sound knowledge of topographic anat-
omy. The superior gland is usually found lateral to the 
recurrent nerve at the level of the suspensory ligament 
of the thyroid, and the inferior gland is anterior to the 
recurrent laryngeal nerve and caudal to the location at 
which this structure crosses the inferior thyroid artery. 
The position of the inferior glands can vary. Injury to 
the parathyroid glands can best be avoided by blunt 
dissection with good visualization and meticulous 
hemostasis without cautery. During thyroidectomy, 
most surgeons try to ligate the branches of the inferior 
thyroid artery directly on the side of the thyroid lobe 
because the nutrient branch to the parathyroid can 
often be seen and preserved. If a parathyroid gland is 
devascularized or blood supply appears compromised, 
excision and autotransplantation of small pieces of 
the gland into the sternocleidomastoid muscle is 
recommended.19

22.5 Seroma and Wound Infection

Seroma is a common complication after resection of the 
thyroid or parathyroid gland but rarely requires surgi-
cal intervention. Fluid usually collects between the skin 
flaps and the deep cervical fascia. When the collection 
is large and cosmetically unsightly, aspiration is indi-
cated. Small collections resolve spontaneously within a 
few weeks and should not be aspirated so that the risk 
of bacterial contamination can be avoided. If seroma is 
large, it can be aspirated with a 24-gauge needle and 
preferably under ultrasound guidance. Usually it does 
not recur, but it might require reaspiration. This compli-
cation can occur in as many as 5% of the patients.20
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Wound infection is unusual in association with these 
cervical procedures because of the excellent blood sup-
ply in this area; however, it can occur in about 0.5%–2% 
of the cases.20,21 Prophylactic antibiotics are not indicated 
for these clean, uncontaminated endocrine procedures 
unless the patient is immunosuppressed or diabetic. 
Patients with skin infection and acne are more prone to 
have wound infection and further antibiotic treatment 
might help.

22.6 Parathyroidectomy Operative Failure

Parathyroidectomy is performed to eliminate the excess 
secretion of parathyroid hormone. Every disease involv-
ing the parathyroid glands requires a different type of 
resection with extirpation of one or more parathyroid 
glands in an attempt to correct this imbalance. The extent 
of the resection will determine not only the operative 
success, but also the incidence of complications. The ideal 
way to treat sporadic primary hyperparathyroidism is 
to excise only abnormal parathyroid glands and to pre-
serve normally functioning ones.

In most large centers, the operative failure rate is 
reported to range from 1% to 10% for patients with spo-
radic primary hyperparathyroidism (SPHPT).22–24 In 
institutions where parathyroid disease is treated less 
frequently, the failure rate is reported to be as high as 
30%.25 Operative failure is defined as persistent hyper-
calcemia with high levels of intact parathyroid hor-
mone (PTH) within 6 months after parathyroidectomy. 
Persistent hypoparathyroidism is caused by overzeal-
ous parathyroid resection, which is also an undesirable 
operative outcome. An insufficient excision can be due 
to unrecognized multiglandular disease (MGD) or the 
inability to find and resect a single abnormal gland. 
On the other hand, postoperative hypoparathyroid-
ism is due to not having enough normal parathyroid 
tissue left in situ to support eucalcemia. The reported 
incidence of hypoparathyroidism, after 3.5 glands have 
been resected to treat parathyroid hyperplasia, ranges 
from 12% to 24%.16,17 Furthermore, total parathyroidec-
tomy with autotransplantation results in low normal 
serum calcium levels in 4%–30% of cases, depending on 
the cause of the parathyroid disease.17,26 Because of these 
complications, resection of 3.5 glands for the treatment 
of primary hyperparathyroidism should be reserved for 
patients with four markedly enlarged glands and should 
not be used to treat patients with “slightly large” para-
thyroid glands, or those with hyperplasia diagnosed 
by frozen-section histopathologic analysis alone. The 
limitations of histopathologic analysis in determining 
single gland or MGD are well known; thus, the results 

of such analyses should not be used to determine the 
extent of parathyroid resection.23,27–29 For patients with 
single or double adenoma, biopsy of normal glands sub-
stantially increases the incidence of postoperative hypo-
calcemia.18 Because of this risk and the limited benefit of 
frozen-section histopathologic analysis, many surgeons 
perform bilateral neck exploration to allow visualiza-
tion of all four glands and perform parathyroidectomy 
on the basis of gland size alone. However, judging gland 
abnormality exclusively on the basis of gross appear-
ance may lead to unnecessary parathyroid resection 
because the size of the gland is not always correlated 
with its function.30–32

Two surgical adjuncts are available to help pre-
vent these complications: (a) the quick intraoperative 
parathyroid hormone assay and (b) the use of preop-
erative localization studies. The intraoperative mea-
surement of parathyroid hormone levels predicts the 
postoperative outcome and assures the surgeon that 
all hypersecreting tissue has been excised. At the 
same time, its results show that the remaining glands 
are not hypersecreting and therefore neither visual-
ization nor biopsy is necessary.33–36 Furthermore, the 
intraoperative PTH dynamics will indicate the pres-
ence of additional hypersecreting parathyroid glands 
after excision of a suspected adenoma or will guide the 
surgeon to perform further exploration. This approach 
has shown improvement on the operative success of 
primary hyperparathyroidism.37,38

Currently, the most sensitive preoperative localiza-
tion study is the Tc-99m-sestamibi nuclear scan with 
tomographic imaging. This study is used to locate 
hyperfunctioning parathyroid glands, including those 
in an ectopic position, such as in the mediastinum. The 
benefit of using preoperative localization studies and 
intraoperative PTH monitoring (IPM) is that patients 
with SPHPT can be safely treated with unilateral neck 
exploration, which leaves the normally secreting para-
thyroid glands in situ and undisturbed. This approach, 
which is associated with an intraoperative localization 
success rate of 98%, should also decrease the risk of 
hypocalcemia.

Finally, a sure diagnosis and clear surgical indications 
are of utmost importance in obtaining a successful out-
come after parathyroidectomy. Primary hyperparathy-
roidism is diagnosed when patients exhibit persistent 
hypercalcemia, elevated intact parathyroid hormone 
levels, normal renal function, and normal or elevated 
24 h urinary calcium levels. The guidelines for opera-
tive management of primary hyperparathyroidism 
have changed as the surgical approaches to this dis-
ease have evolved. With a sure diagnosis and strict 
surgical indications for parathyroidectomy, the opera-
tive results will be satisfactory, with a low incidence of 
complications.39
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The adrenal gland is responsible for a diverse set of endocrine 
and exocrine functions. Its unique anatomic and physiologic 
features create interesting issues and challenging decision 
making at the preoperative, intraoperative, and postoperative 
stages of care. This chapter will present common complications 
and preventive methods.

23.1 Indications for Adrenalectomy

When the potential risks of adrenalectomy are assessed, 
the first consideration is the specific disease process 
requiring surgical intervention. Among the com-
mon adrenal diseases amenable to surgical therapy 
are a variety of functional and neoplastic disorders. 

These include aldosterone-producing adrenocortical 
adenoma, cortisol-producing adrenocortical adenoma, 
pheochromocytoma, nonfunctional adrenocortical 
adenoma, adrenocortical adenocarcinoma, and adrenal 
metastases.

23.1.1 Aldosteronoma

Aldosteronomas are aldosterone-secreting adenomas 
usually associated with primary hyperaldosteron-
ism. In fact, 62% of patients with this syndrome have 
a unilateral functional adenoma that is amenable to 
surgical therapy.1 The clinical features of primary 
hyperaldosteronism are nonspecific and include hyper-
tension, hypokalemia, polyuria, weakness, and muscle 
cramping. Some patients exhibit minimal symptoms 
or have no symptoms at all. Almost all patients exhibit 
suppressed plasma renin activity.
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23.1.2 Cortisol-Producing Adenomas

Cortisol-producing adenomas are often associated with 
Cushing’s syndrome, a clinical syndrome that includes 
hypertension, truncal obesity, muscle wasting, diabetes 
mellitus, and, occasionally, psychological disturbance. 
Patients with subclinical hypercortisolism may also 
have cortisol-producing adenomas. The first step in 
working up a patient with signs and symptoms of hyper-
cortisolism is to determine if the cause is Cushing’s syn-
drome (primary adrenal hypercortisolism) or Cushing’s 
disease (secondary to a pituitary tumor producing adre-
nocorticotrophic hormone). Initial screening is accom-
plished with urinary free cortisol, late-night salivary 
cortisol, or low-dose dexamethasone suppression test-
ing. If results show an ACTH level below 5 pg/mL on 
two occasions, this indicates primary adrenal Cushing’s 
syndrome and adrenal imaging is recommended.

Although Cushing’s disease is usually managed with 
transsphenoidal hypophysectomy, total bilateral adre-
nalectomy may be indicated under some circumstances. 
Among these are persistent or severe disease after 
hypophysectomy or contraindications to hypophysec-
tomy, such as the desire to preserve fertility. When per-
formed for this indication, total bilateral adrenalectomy 
has a cure rate approaching 100%.2

23.1.3 Pheochromocytoma

Pheochromocytoma is a tumor of the adrenal medulla 
or of other sympathetic ganglion cells of the peripheral 
nervous system. Approximately 10% of these tumors 
are malignant, 10% are bilateral, 10% are familial, and 
10% are extra-adrenal. The symptoms caused by these 
tumors fall into three general groups. One-third of 
patients experience an episode of palpitations, diapho-
resis, headache, and a “feeling of impending doom.” An 
additional one-third of patients exhibit normotension 
with transient symptomatic episodes in conjunction 
with episodic hypertension. The remaining one-third of 
these patients exhibit asymptomatic chronic hyperten-
sion, which is often misdiagnosed as essential hyper-
tension. Diagnostic testing includes determination of 
plasma and urinary catecholamine levels, as well as 
urinary levels of catecholamine degradation products 
(metanephrines and vanillylmandelic acid). The location 
of the tumors is determined by abdominal computed 
tomography (CT) or magnetic resonance imaging (MRI) 
or by 131-iodine metaiodobenzylguanidine (131I-MIBG) 
scanning when necessary.

23.1.4 Nonfunctional Adrenocortical Adenomas

Nonfunctional adrenocortical adenomas or “benign 
incidentalomas” are the most common adrenal lesion in 
clinical practice (0.6%–4% of all thoracic and abdominal 

CT scans). The first step in evaluation is screening 
for functional tumors. If this is negative, the lesion is 
most likely a nonfunctional adenoma (60%) but may 
also be a myelolipoma (10%), adrenal cyst (5%), or a 
ganglioneuroma (5%). However, since up to 20% of 
incidentalomas identified by CT turn out to be malig-
nant, surgeons may consider resection based upon 
size criteria.  Although specific criteria vary, most sur-
geons will resect a nonfunctional adrenal mass more 
than 5 cm in diameter if the appearance is atypical for 
an adenoma. Smaller nonfunctional lesions without an 
atypical appearance should be followed up with serial 
imaging studies to re-evaluate the risk of malignancy.

23.1.5 Adrenocortical Adenocarcinoma

Adrenocortical adenocarcinoma is a rare tumor often 
first detected as a large, advanced-stage lesion. Imaging 
methods such as CT and MRI scans can be very useful 
in determining the extent of disease preoperatively. Half 
of these tumors are functional, with clinical evidence of 
cortisol or androgen excess. Complete surgical resection 
of adrenocortical adenocarcinoma is the only poten-
tially curative therapy and can substantially palliate the 
signs and symptoms associated with functional tumors. 
Initial complete resection is possible in approximately 
75% of cases, but recurrent disease develops after 85% 
of these procedures, with a mean disease-free interval 
of 2.5 years.3 Reoperation provides a substantially better 
survival rate than drug therapy.

23.1.6 Adrenal Metastases

Lung, breast, and renal cell carcinomas often metasta-
size to the adrenal glands. Like nonfunctional adreno-
cortical adenomas, these tumors sometimes are resected 
as large incidentalomas that have been diagnosed 
radiographically. On the other hand, the adrenal mass 
known to be a metastatic lesion may also be resected 
for cure under certain circumstances, namely, favorable 
histologic type and the absence of extra-adrenal malig-
nant disease. In clinical practice, these circumstances 
rarely occur and are an extremely rare indication for 
adrenalectomy.

23.2  Patient Factors Associated with 
Increased Morbidity and Mortality

There are several patient factors that are associated with 
increased morbidity and mortality. In addressing these 
risks, it is important not only to medically optimize 
patient comorbidities, but also to obtain appropriate 
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informed consent, specifically noting the significantly 
increased risk of death and complications.

Advanced age and number of comorbidities are inde-
pendent predictors of significantly higher mortality, 
even after adjusting for race, gender, surgical technique, 
and hospital teaching status. Risk-adjusted mortality 
is more than four times higher in patients over the age 
of 65 as compared to patients younger than 45. Patients 
with at least two comorbidities have similarly increased 
odds of death.4,5

23.3  Surgeon and Hospital Volume–Outcome 
Relationship for Adrenalectomy

Hospitals averaging <3 adrenalectomies/year fall into 
the lowest tercile of procedural volume. Those perform-
ing 3–6 adrenalectomies/year are in the middle tercile, 
and those performing >6 adrenalectomies/year are in the 
highest tercile. Due to the infrequency of adrenal surgery, 
there are no reported volume-threshold criteria to accredit 
an institution as a “center of excellence” as is practiced 
in cardiac or bariatric surgery. Although most adrenal 
operations are performed at nonteaching (69%) or low to 
medium volume hospitals (65%), there is not an associa-
tion between hospital volume and in-hospital mortality.4

23.4  Endocrine and Metabolic 
Complications of Adrenalectomy

In discussing endocrine and metabolic complications 
of adrenalectomy, it is important to recognize that most 
are directly related to the underlying disease process.

23.4.1  Complications of Adrenalectomy 
for Hypercortisolism

Patients with hypercortisolism may experience poorly 
controlled diabetes mellitus before surgery. Glucose 
levels must be carefully monitored and aggressively 
treated during the perioperative period so that patients 
can avoid the complications of hypoglycemia, diabetic 
ketoacidosis, and poor wound healing. As is true for 
any elective surgical procedure, adrenalectomy should 
be delayed until altered potassium metabolism and 
hypertension have been corrected so that the complica-
tions of anesthesia can be minimized. In severe cases, 
therapy with the adrenolytic agent mitotane or with ste-
roidogenesis inhibitors such as metyrapone, aminoglu-
tethimide, or ketoconazole may be necessary to control 

the metabolic derangements of hypercortisolism preop-
eratively.6 Of note, ketoconazole should not be used in 
pregnant patients owing to its teratogenic effects.7

The obesity associated with Cushing’s syndrome and 
Cushing’s disease exposes the patient to substantial risk 
of a variety of complications, including poor wound 
healing, wound infection, and respiratory complica-
tions. Central obesity may complicate mechanical ven-
tilation, and all patients should be aggressively treated 
postoperatively so that hypoxemia, hypoventilation, 
and atelectasis can be limited or reversed. This treat-
ment usually involves early ambulation and incentive 
spirometry, measures designed to recover functional 
residual capacity and reverse alveolar collapse. Patients 
with hypercortisolism often have thin, easily bruised 
skin and are susceptible to skin breakdown. Care must 
be taken to pad all pressure points during the surgical 
procedure and to aggressively monitor skin integrity 
postoperatively. Thin skin and vascular fragility may 
also complicate the establishment of durable intrave-
nous access. In the operating room, patients should be 
positioned with great care so that pathologic fractures 
can be prevented because osteopenia is common.8 
Fasciculations related to depolarizing paralytic agents 
should be minimized for the same reason.

Patients undergoing adrenalectomy for hypercorti-
solism are at high risk of postoperative adrenal insuffi-
ciency. Although the cause of adrenal insufficiency after 
bilateral adrenalectomy is obvious, the cause is more com-
plicated after unilateral adrenalectomy. A chronic state of 
cortisol excess induces functional suppression and atro-
phy of the contralateral gland and chronic suppression of 
the entire pituitary–adrenal axis. The abrupt withdrawal 
of cortisol that accompanies adrenalectomy among these 
patients can cause acute adrenal insufficiency. To prevent 
this potentially life-threatening complication, all patients 
undergoing unilateral adrenalectomy for hypercorti-
solism, or bilateral adrenalectomy, should be given sup-
plemental steroids perioperatively. Given its potential for 
adrenal suppression, etomidate is not advised for induc-
tion of anesthesia in patients with Cushing’s syndrome.9

No clear recommendations for perioperative glucocor-
ticoid dosing exist for adrenalectomy per se, but in gen-
eral, one should assume complete adrenal insufficiency 
postoperatively and a low to moderate degree of surgi-
cal stress. When the most recent recommendations for 
perioperative corticosteroid management are followed, 
the glucocorticoid target would probably be 50–60 mg 
of hydrocortisone per day on the day of surgery and 
for the first 24 h of the postoperative period.10 This 
dose can be rapidly tapered to a maintenance dosage of 
approximately 25 mg of hydrocortisone equivalent (usu-
ally oral prednisone) daily, given in two divided doses. 
The daily dose may be decreased to 20 or even 15 mg 
as tolerated, with adjustment based on the presence 
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of any symptoms of adrenal insufficiency. Function of 
the pituitary–adrenal axis can be monitored postop-
eratively by using periodic ACTH stimulation tests or 
late night salivary cortisol levels. The usual timeframe 
for normalization of adrenal function is 12–24 months. 
Adrenal autotransplantation has been attempted for the 
purpose of avoiding the necessity for long-term adrenal 
replacement therapy after bilateral adrenalectomy, but 
only 21% of the patients who underwent this procedure 
were successfully weaned from steroid therapy. Thus, 
this procedure is generally not recommended.11

All patients subjected to adrenal replacement ther-
apy should be carefully monitored for clinical signs 
and symptoms of steroid imbalance. One such sign is 
the previously mentioned syndrome of adrenal insuffi-
ciency, also known as Addison’s disease. Chronic adre-
nal insufficiency after adrenalectomy is characterized by 
hypotension, hyponatremia, hypoglycemia, fever, and 
a variety of constitutional symptoms, including weak-
ness, fatigue, weight loss, and anorexia. This weakness 
may contribute to difficulty in weaning patients with 
respiratory insufficiency from mechanical ventilation. 
When the condition of patients with chronic adre-
nal insufficiency has stabilized, steroid replacement 
therapy can be started at physiologic doses. For severe 
acute adrenal insufficiency (Addisonian crisis), hydro-
cortisone should be given as an initial intravenously 
administered bolus of 100 mg followed by intravenous 
administration of 100–200 mg over the next 24 h. At this 
dosage, there is sufficient mineralocorticoid activity to 
make additional supplementation with fludrocortisone 
unnecessary. Important adjunctive therapy includes 
aggressive volume expansion with isotonic fluids and 
treatment of hypoglycemia. Once the patient’s condition 
has stabilized, hydrocortisone dosages can be tapered 
and maintenance therapy can be instituted.

If a patient receiving chronic steroid replacement ther-
apy requires surgical intervention, careful perioperative 
glucocorticoid management is essential to the preven-
tion of postoperative adrenal insufficiency. Although 
“stress dose” perioperative steroid dosing has enjoyed 
widespread use since the 1950s, this approach has been 
challenged during the last decade as anecdotal and 
without scientific justification. Currently, it is recom-
mended that adjustment in perioperative steroid dosing 
should be based on consideration of the maintenance 
steroid dose, the duration of steroid therapy, and the 
extent of the anticipated surgery.9 High doses of cortico-
steroid, as were commonly given in the past, are rarely 
necessary. Further, administration of high-dose cortico-
steroids can lead to postoperative complications such as 
wound infections.

Recurrent hypercortisolism after adrenalectomy usu-
ally indicates residual abnormally functioning adre-
nal tissue. For nonmalignant adenomas, this condition 

indicates incomplete resection or failure to diagnose 
bilateral disease. In the case of adrenalectomy for adre-
nocortical adenocarcinoma, postoperative hypercor-
tisolism mandates a workup for recurrent tumor or 
metastatic disease.

A unique complication of bilateral adrenalectomy 
performed for Cushing’s disease is the development 
of Nelson’s syndrome—hyperpigmentation, headache, 
and visual changes. The culprit is a locally aggressive 
ACTH-secreting pituitary tumor. In one study, this 
complication occurred in 9% of cases at a median of 9.5 
years after the original operation.7 Treatment options 
include hypophysectomy and radiotherapy.12

23.4.2  Complications of Adrenalectomy 
for Hyperaldosteronism

Like patients with hypercortisolism, patients with 
hyperaldosteronism are often first seen with poorly 
controlled hypertension and metabolic derangements. 
If inadequately addressed preoperatively, these abnor-
malities can substantially increase the patient’s anes-
thetic risk. The hypertension associated with primary 
hyperaldosteronism is salt- and water-dependent, and 
responds well to salt and water restriction. For this 
reason, several authors recommend 2–4 weeks of phar-
macologic therapy before adrenalectomy for hyperal-
dosteronism. Combination diuretic therapy with either 
hydrochlorothiazide or furosemide and either spirono-
lactone or amiloride has been suggested as an appropri-
ate medical approach to primary hyperaldosteronism.13 
The aldosterone resolution score is one method for 
determining the probability of complete resolution of 
hypertension after adrenalectomy for aldoseronoma. 
This score incorporates four elements: three or more 
antihypertensive medications, body mass index (BMI) 
>26 kg/m2, duration of hypertension >7 years, and male 
gender. Two points are given for the medication crite-
ria, and one point for all others. A total score of 0–1 is 
predictive of complete resolution of hypertension with-
out the need for lifelong antihypertensive medications 
(negative predictive value of 72.4%). Conversely, a score 
of 4–5 is predictive of the need for ongoing pharmaco-
therapy for blood pressure management (positive pre-
dictive value of 75%).14

Although the hypokalemia associated with hyperal-
dosteronism is almost always cured by adrenalectomy, 
the hypertension associated with primary hyperaldo-
steronism often does not respond to surgical therapy. In 
fact, only 60%–80% of patients with unilateral benign 
disease are cured by unilateral adrenalectomy.15,16 The 
cure rate appears to be higher among patients less than 
44 years of age, those whose hypertension responds to 
spironolactone administration preoperatively, those 
with hypertension of less than 5 years’ duration before 
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resection, and those whose resected adrenal gland does 
not demonstrate multinodular disease.17

While uncommon in clinical practice, mineralocor-
ticoid deficiency can occasionally occur after adre-
nalectomy for hyperaldosteronism. This condition is 
characterized by salt wasting, hyponatremia, and hyper-
kalemia. Symptoms are usually easily controlled with 
saline administration and mineralocorticoid replace-
ment with fludrocortisone, and such therapy rarely is 
required for more than 3 months postoperatively.

23.4.3  Complications of Adrenalectomy 
for Pheochromocytoma

The functional nature of pheochromocytoma presents 
a unique challenge to the surgical team in all phases 
of perioperative care. Hypertensive crisis, atrial and 
ventricular arrhythmia, myocardial infarction, cerebro-
vascular accident, acute congestive heart failure, and 
pulmonary edema are some of the serious and poten-
tially life-threatening cardiovascular complications asso-
ciated with resection of these catecholamine-producing 
tumors. To minimize the risk of these complications, all 
patients are treated with a combination of antiadrener-
gic and vasodilatory agents during the perioperative 
period. Treatment begins with alpha-adrenergic block-
ade with 30–60 mg of phenoxybenzamine daily for at 
least 1 week preoperatively. The alpha-blockade is initi-
ated at a low dosage and is increased as needed to con-
trol blood pressure.18 Symptoms such as dizziness and 
abdominal cramps often accompany the establishment 
of adequate alpha-blockade. Other antihypertensive 
agents, including calcium channel blockers and angio-
tensin-converting enzyme inhibitors, may be added. 
Metyrosine, a tyrosine hydroxylase inhibitor, is useful 
for refractory hypertension in pheochromocytoma but 
is contraindicated in essential hypertension.

Beta-adrenergic blockade with drugs such as propran-
olol or atenolol is often necessary for treating tachycar-
dia, but beta-blockers should only be given after the 
initiation of alpha-blockade. In the absence of adequate 
alpha-blockade, beta-blockers can induce unopposed 
vasoconstriction, which can precipitate an acute hyper-
tensive crisis. Another potential drawback of preopera-
tive beta-blockade is that it may cause the body to lose 
the ability to compensate for episodes of hypotension by 
developing tachycardia; this loss may complicate blood 
pressure management. In addition to pharmacologic 
therapy, all patients are treated with aggressive volume 
loading before surgery so that intravascular volume sta-
tus can be optimized.

Even with effective preoperative pharmacotherapy, 
substantial hemodynamic changes can occur intra-
operatively. In order to reduce the risk of adverse car-
diovascular events related to systemic catecholamine 

release, tumor manipulation should be minimized, and 
the tumor’s venous drainage should be controlled and 
ligated expeditiously. To facilitate detection of changes in 
hemodynamic parameters, all patients should undergo 
invasive arterial blood pressure monitoring, and cen-
tral venous access should be strongly considered. Acute 
hypertension during adrenalectomy for pheochromo-
cytoma is best managed with intravenous infusion of 
nicardipine or sodium nitroprusside. Tachycardia can 
be effectively managed with intravenously adminis-
tered beta-blocking agents such as labetalol or esmolol. 
Again, goal-directed volume resuscitation should be 
standard for all patients.

Postoperatively, patients should be sent to a unit capa-
ble of frequent hemodynamic monitoring and effective 
management of any hemodynamic instability. Loss of 
adrenergic stimulation can cause hypotension lasting 
several days and can be further exacerbated by preoper-
ative beta-blockade. This is effectively treated with vol-
ume expansion. In extreme cases, an alpha-adrenergic 
agonist may be necessary so that normal blood pressure 
can be maintained. Beta-antagonists are to be tapered 
off over the first postoperative week to avoid reflex 
tachycardia.

Several isolated case reports detail acute and pro-
tracted hypoglycemia as an uncommon postoperative 
complication of adrenalectomy (approximately 13% of 
cases).19 Although this complication is rare, the authors 
advise considering intraoperative and postoperative 
spot glucose monitoring if there is patient distress. The 
etiology of prolonged hypoglycemia is believed to be 
related to catchecolamine-mediated modulation of insu-
lin and explains the postoperative improved insulin 
sensitivity in pheochromocytoma patients.20

All patients who undergo resection of pheochromo-
cytoma should be carefully monitored for hypertension. 
Persistent or recurrent hypertension after adrenalec-
tomy raises suspicion of recurrent or residual func-
tional disease. Recurrence rates of malignant disease 
after adrenalectomy for pheochromocytoma (malignant 
and benign) have been reported to be as high as 23%.21 
Clinical investigation, including biochemical studies 
and 131I-MIBG scanning, should be performed so that the 
diagnosis can be confirmed and the disease localized.

Pheochromocytoma is rare among pregnant women, 
but many of its symptoms (e.g., hypertension, diapho-
resis, and nausea) are also seen in association with pre-
eclampsia. Misdiagnosis of the condition can have fatal 
consequences. The risk of hypertensive crisis makes 
labor and delivery extremely dangerous for pregnant 
patients with pheochromocytoma. Maternal mortal-
ity rates as high as 40%–58% and fetal mortality rates 
of 10%–56% have been reported.22 During the first tri-
mester, women who do not desire to terminate the 
pregnancy can be treated medically, and resection can 
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be delayed until the second trimester. During the third 
trimester, medical management should be used, and 
elective Cesarean section should be performed at term. 
Adrenalectomy can be performed immediately after 
Cesarean section or at a later date.

23.5  Technical Complications 
of Adrenalectomy

Unlike the endocrine complications of adrenalectomy, 
the technical complications are less dependent on the 
underlying disease than they are on anatomical fac-
tors such as size and location of the lesion. The excep-
tion to this rule is adrenocortical carcinoma because the 
malignant nature of the disease can substantially affect 
both the extent of resection and the operative approach, 
factors known to contribute to perioperative complica-
tions. Preoperative imaging studies (CT and MRI scans) 
are extremely important sources of anatomical infor-
mation about patients undergoing elective adrenalec-
tomy. These studies provide crucial information about 
tumor size, location, and extent of local invasion; this 
information strongly influences the choice of operative 
approach. Ideally, the chosen approach to adrenalec-
tomy should be the one that allows the most effective 
treatment of the adrenal pathologic state (neoplasm or 
endocrinopathy) but subjects the patient to the fewest 
potential complications.

Laparoscopic adrenalectomy was first described in 
1992 by Gagner et al.23 Since then, it has become the 
standard option for most benign disease.24 Relative to 
open surgery, laparoscopy decreases the length of stay 
and pain. The conversion to open rate is 3.5% with no 
preoperative patient factors predictive for conversion.25 
For instance, there was no increased risk of conver-
sion by patient gender, BMI, ASA grade, or tumor size. 
A variety of operative approaches are available to the 
surgeon. Those approaches and the relative advantages 
and disadvantages of each are listed later.

23.5.1 Transabdominal or Anterior Approach

The earliest approach developed for adrenalectomy, the 
transabdominal or anterior approach, allows the surgeon 
to perform a thorough exploration of the entire peritoneal 
cavity via either a midline or a subcostal incision. Because 
of the optimal exposure that it affords, this approach is 
preferred when bilateral or extra-adrenal disease is sus-
pected. Furthermore, in cases of bulky or invasive adre-
nocortical carcinomas, this method provides excellent 
exposure of the surrounding organs, thus allowing the 
surgeon to perform en bloc resection if necessary.

Because of the different anatomic relationships of the 
right and left adrenal glands, the technique of adrenal-
ectomy and the structures that can be injured differ, 
depending on which gland is being addressed surgi-
cally.26 The right gland sits atop the right kidney pos-
terior to the inferior vena cava (IVC), with its anterior 
aspect in close proximity to the lateral border of the IVC. 
The right gland lies anterior to the diaphragm and pos-
terior and inferior to the right lobe of the liver. The right 
adrenal vein is short and empties directly into the poste-
rior aspect of the IVC. The vein must be dissected with 
great care so that caval injury and associated massive 
blood loss can be avoided. The potential for injury to the 
IVC can be reduced by dissecting the IVC away from 
the adrenal gland rather than by inferolateral retraction 
of the adrenal to expose the IVC. Exposure of the right 
adrenal gland requires mobilization of the hepatic flex-
ure of the colon, retraction of the right lobe of the liver, 
and mobilization of the duodenum via a Kocher maneu-
ver. When wider exposure of the right adrenal gland is 
necessary, complete mobilization of the right hepatic 
lobe may be necessary. This technique requires division 
of the falciform and right triangular ligaments and dis-
section of the bare area of the liver from the diaphragm, 
thus allowing medial retraction of the entire right lobe.27 
This technique may obviate the need for the more mor-
bid thoracoabdominal approach traditionally necessary 
for large en bloc resections.

The left adrenal gland sits atop the left kidney pos-
terior to the stomach and pancreas and lateral to the 
aorta and the left crus of the diaphragm. The left adre-
nal vein is long and drains into the inferior phrenic 
vein, which courses downward and empties into the 
left renal vein. Care must be taken to avoid injury 
to the renal vessels when vascular control of the left 
adrenal vein is obtained. Exposure of the left adrenal 
gland requires entry into the lesser sac by division of 
the gastrocolic omentum, mobilization and cephalad 
retraction of the pancreatic body, and, occasionally, 
mobilization and medial rotation of the spleen and 
distal pancreas.

The literature reports injuries to each of the structures 
mobilized during exposure of the right and left adre-
nal glands. In addition to the IVC, other structures that 
may be injured are the liver, pancreas, spleen, duode-
num, renal vessels, ureter, and diaphragm. The anterior 
approach also carries the added operative morbidity 
associated with violation of the peritoneal cavity and 
extensive manipulation of the bowel. These complica-
tions include ileus, small bowel obstruction, wound 
infection, and incisional hernia. As is true of any surgi-
cal procedure involving the upper abdomen and specifi-
cally the subphrenic area, the transabdominal approach 
is also associated with respiratory complications includ-
ing pneumonia and atelectasis.



245Complications of Adrenal Gland Surgery

© 2008 Taylor & Francis Group, LLC

23.5.2 Thoracoabdominal Approach

The thoracoabdominal approach provides the best expo-
sure of the adrenal gland. Because it requires entry into 
both the peritoneal cavity and the pleural cavity, this 
approach generally is reserved for technically challeng-
ing recurrent tumors, very large tumors (10–15 cm), and 
bulky tumors requiring en bloc resection of the adrenal 
glands and adjacent organs. The obvious disadvantage of 
this approach is the extensive operative dissection and 
exposure involved. The patient is exposed not only to the 
morbidity associated with the transabdominal approach, 
but also to that associated with thoracic exploration. 
Moreover, the positioning required for this approach 
greatly limits access to the contralateral adrenal gland 
and may preclude exploration for bilateral disease.

23.5.3 Posterior Approach

The posterior approach, developed as an alternative to the 
anterior approach, avoids the morbidity associated with 
entering the peritoneal cavity. It has been associated with 
better pain control, fewer wound complications, shorter 
recovery time, and a reduction in respiratory complica-
tions.28 Furthermore, when the posterior approach is 
used rather than the anterior approach, intraoperative 
factors such as operative time, intraoperative blood loss, 
and pancreatic and splenic injury rates are reduced. The 
disadvantages of the posterior approach are that it does 
not allow exploration of the abdomen for bilateral or 
extra-adrenal disease and that it may be inadequate for 
removal of large tumors. Inadvertent peritoneotomy or 
pleurotomy can occur when this approach is used, but 
these injuries are easily repaired primarily at the time 
of operation. Airtight closure of a pleurotomy can be 
accomplished with aspiration of air from the pleural cav-
ity under conditions of positive-pressure lung expansion. 
Tube thoracostomy is rarely necessary. Control of the 
adrenal vein can be difficult when the posterior approach 
is used, especially when the procedure is performed on 
the right adrenal gland. If substantial hemorrhage occurs, 
packing and emergent repositioning for laparotomy may 
be necessary. In general, the posterior approach is best for 
small, unilateral benign tumors. However, in the twenty-
first century, most centers usually resect these tumors 
with a laparoscopic approach.

23.5.4 Lateral Approach

Like the posterior approach, the lateral approach has 
the advantage of avoiding entry into the peritoneal cav-
ity. However, the exposure it provides is superior to 
that provided by the posterior approach, especially for 
obese patients. The lateral approach also allows easier 
vascular control and removal of larger tumors. Like the 

posterior approach, the lateral approach does not pro-
vide adequate exposure for the assessment of bilateral 
and extra-adrenal tissue. Postoperative pain can be a 
significant issue, and recovery time is longer than that 
associated with the posterior approach. Frequently, 
resection of the 12th rib is necessary, and postoperative 
pain can be avoided by sparing the 12 intercostal nerve.

23.5.5 Laparoscopic and Robotic Adrenalectomy

In the United States, the use of laparoscopic adrenalec-
tomy has increased twofold between 1998 and 2006. 
One reason is the lower associated complication rate of 
4.5% vs. 7.8% seen with open surgery. There is a similar 
decrease in length of stay (3.2 days vs. 5.3 days). Since 
the early 2000s, robotic-assisted laparoscopic adrenalec-
tomy has also been used as a viable alternative technique. 
The advantages over open surgery include reducing 
length of stay and postoperative pain. The advantages 
over traditional laparoscopy include increased dexter-
ity owing to additional degrees of freedom, motion scal-
ing, dampening to overcome an unsteady camera, and 
three-dimensional vision resulting from high-definition 
stereoscopic cameras.29

23.5.6 Transperitoneal Laparoscopic Adrenalectomy

Like the open lateral approach, the transperitoneal lapa-
roscopic approach is performed with the patient in the 
lateral decubitus position. However, unlike the open 
lateral approach, this approach involves entry into the 
peritoneal cavity for exposure of the left or right adrenal 
gland. This same positioning may be used when per-
forming robotic-assisted adrenalectomy.30 For robotic 
adrenalectomy, an alternative positioning involves plac-
ing the patient in the supine position on tilting table and 
rotating the patient 20° to the contralateral side.28

When the procedure is performed on the right adrenal 
gland, the triangular ligament is dissected, thus mobi-
lizing the right liver for medial retraction and exposure 
of the adrenal gland. When the procedure is performed 
on the left adrenal gland, the splenorenal attachment 
is dissected laterally and the spleen and pancreas are 
retracted medially to expose the adrenal gland. Since 
left-sided surgeries are an independent predictor of 
complications, special caution should be exercised dur-
ing the dissection.24 Vascular control is obtained with 
laparoscopic clips, and an endoscopic specimen bag is 
employed so that the gland can be removed without 
tumor spillage. The organs that can be injured with this 
approach are essentially the same as in the open ante-
rior approach.

Complications are relatively minor, with complication 
rates ranging from 2% to 12%. Conversion from laparo-
scopic surgery to open laparotomy has been reported to 
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occur in 0%–14% of cases; hemorrhage is the most com-
mon indication.31–35 Operative mortality rates are less 
than 1%. In several cases, tumor recurrence has occurred 
after this technique was used for resection of malignant 
adrenal tumors. As a result, the transperitoneal laparo-
scopic approach is contraindicated when malignant dis-
ease is known to be present or is suspected.

One complication specific to the laparoscopic 
approach is the occasional difficulty experienced in 
finding small lesions on the left side. Small adrenal 
tumors may be indistinguishable from surrounding 
structures such as pancreas, Gerota’s fascia, and ret-
roperitoneal fat. When the laparoscopic approach is 
used, the ability to perform manual palpation is lost, 
and small adrenal tumors can be difficult to identify 
with laparoscopic visualization alone. In such circum-
stances, laparoscopic ultrasound can be a valuable tool 
for intraoperative localization.

23.5.7 Posterior Laparoscopic Adrenalectomy

Like the open posterior approach, the posterior lapa-
roscopic approach is performed with the patient in the 
prone position, and the dissection is carried out entirely 
in the retroperitoneum. So that exposure can be facili-
tated, the retroperitoneal space is expanded with a bal-
loon dissector and laparoscopic ultrasonography is used 
to assist in localization. The overall complication rate 
for this approach is 10%–11%.36,37 Intraoperative com-
plication rates are negligible. One unique postopera-
tive complication that has been reported is self-limiting 
unilateral nerve root pain related to trocar placement.35 
Additionally, there is the potential for pneumothorax, 
which has been reported in 3% of cases.38 The incidence 

of peritoneal tears, as high as 33% in one study, appears 
to correlate with the experience level of the surgeon.36 
These injuries are easily repaired via the laparo-
scope and rarely require conversion to open surgery. 
Conversion to open laparotomy is a relatively uncom-
mon event (4.5%–6.6%).36 This technique is not recom-
mended for patients with tumors >7 cm. Recently, some 
centers have begun to use the posterior retroperitoneal 
approach for robotic adrenalectomy.39

23.6 Conclusion

Adrenalectomy offers the surgeon a unique combina-
tion of technical and physiologic challenges. Knowledge 
and consideration of these issues are essential to the 
avoidance of complications during the preoperative, 
intraoperative, and postoperative treatment of patients 
who undergo this procedure. When the surgeon is expe-
rienced and knowledgeable, adrenalectomy can be safe 
and effective for most patients.

Complications of Adrenal Surgery

Complications

Incidence

References
Open 

Surgery (%)
Laparoscopic 

(%)

Major 7.8 4.5–13 [4,41]
Pulmonary failure 3.9 1.9–3 [4,41]
DVT/PE 0.8 0.3–1.5 [4,40,41]
Hemorrhage 0.7 0.3–1.9 [4,41]

Other 2.4 1.8 [4,41]

Prevention of Complications in Adrenal Surgery

Complications Method of Prevention References

Inability to find tumor during laparoscopy Laparoscopic ultrasound [23]
Pulmonary complications (pneumonia, atelectasis) Use laparoscopic approach; early ambulation; incentive spirometry [4]
IVC injury Dissect the IVC away from the adrenal gland rather than by 

inferolateral retraction of the adrenal to expose the IVC
—

Pneumothorax with posterior laparoscopic approach Ensure that trocar is not placed too far cephalad. Early recognition is 
the cornerstone of therapy. Some centers routinely procure a 
portable CXR upon arrival to the recovery room

[37,28]

Hemorrhage Ensure surgical hemostasis [41]
Intraoperative hemodynamic lability Invasive arterial monitoring, central venous catheterization [42]
Intraoperative acute hypertension Sodium nitroprusside, esmolol, labetolol, nitroglycerin [40]
Intraoperative tachycardia IV beta-blocking agents, calcium channel blocker, metyrosine [40]
Perioperative hypertension during operation for 
pheochromocytoma

Pretreatment with spironolactone or amiloride and either 
hydrochlorothiazide or furosemide for 2–4 weeks prior to surgery

[12]

Postoperative adrenal insufficiency (Addison’s disease) Preoperative steroids; avoid etomidate during induction of anesthesia [8]
Preoperative hypercortisolism Pretreat with mitotane, metyrapone, aminoglutethimidine, or 

ketoconazole (not for pregnancy secondary to teratogenesis)
[6,7]

Pathologic fractures Careful positioning and padding in the operating room [8]
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24.1  Complications of Pancreatic 
Neuroendocrine Tumors

Gastroenteropancreatic neuroendocrine tumors (GEP-
NETs) are a group of biologically complex, heterogenous 
lesions originating from the diffuse neuroendocrine 
cells of the embryologic gastrointestinal (GI) tract. 
Although rare, the US Surveillance Epidemiology and 
End Results (SEER) database reports a near fivefold 
increase in incidence from 1974–2005, likely partly 
reflecting increasing clinician awareness and radiologic 
diagnosis.1 Despite some commonalities, these lesions 
differ greatly across specific tumor type and location 
within the GI tract, and surprisingly little is known 
about their cellular biology and physiologic regula-
tion.2 Notable for a relatively indolent course compared 
to GI adenocarcinoma, these tumors are characterized 
by the secretion of peptides and neuroamines that, in a 
subset of lesions, produce specific clinical syndromes. 
Gastrointestinal neuroendocrine tumors (G-NETs) 
account for two-thirds of all GEP-NETs, pancreatic 
tumors (P-NETs) the remaining third.3

Tumor description, terminology, and understanding 
have changed substantially over the past few decades 
secondary to increasing radiologic detection of nonfunc-
tioning tumors; the impact of immunohistochemistry 
on diagnosis; and the evolution of multiple pathologic 
and prognostic classification systems. These combined 
changes have made understanding these rare but com-
plex clinical entities challenging. Additionally, the rar-
ity and heterogeneity of these tumors have resulted in 
a paucity of good-quality evidence to direct manage-
ment. The current chapter reviews the management 
of GEP-NETs, examining the potential for complica-
tions during the phases of (1) diagnosis and preopera-
tive management, (2) operative management, and (3) 
postoperative management, including the treatment of 
recurrent disease.

24.1.1  Introduction

Pancreatic neuroendocrine tumors (P-NETs) are a col-
lection of heterogeneous and biologically complex 
tumors notable for variable risk of malignancy, a gen-
erally more indolent behavior compared to pancreatic 
adenocarcinomas, and for specific clinical syndromes, 
in a subset of these lesions, due to secretion of vaso-
active peptides. These rare tumors account for 1%–4% 
of all pancreatic malignancies with reported incidence 
of 1/100,000 per year.4 P-NETs are characterized as 
functional or nonfunctional, dependent on whether 
they secrete biologically active peptides associated 
with an identifiable clinical syndrome. P-NETs, both 
functional and nonfunctional, may also be associated 

with genetic syndromes, most commonly, Multiple 
Endocrine Neoplasia Syndrome, Type 1 (MEN-1), but 
also von Hippel Landau, neurofibromatosis type I 
(von Recklinghausen Disease), and tuberous sclerosis 
complex.5

Nonfunctional tumors account for 60%–85% of 
all P-NETs, a rising incidence likely secondary to 
the increasing utilization of CT and MRI imag-
ing.6 Among functional tumors, five major distinct 
clinical syndromes occur: insulinoma, gastrinoma, 
somatostatinoma, VIP-oma, and glucagoma. Given the 
rarity of these tumors, few reports capably describe 
incidence and complications, or how complications 
vary across tumor type. Complications relating to 
P-NET management can occur with: (1) diagnosis and 
preoperative management, including treatment of 
associated endocrinopathy and tumor localization; (2) 
operative management, including treatment of locally 
advanced and hepatic metastatic disease, or; (3) postop-
erative management, including management of surgi-
cal complications and recurrent disease.

24.1.2  Complications of Diagnosis and 
Preoperative Management

Uncomplicated preoperative management of P-NETs 
requires (1) timely diagnosis, (2) accurate preoperative 
tumor localization, and (3) management of associated 
clinical syndromes. The relative rarity of these tumors 
in combination with their intermittent and nonspecific 
symptomatology can complicate and delay diagnosis. 
Up to 75% of patients have lymphatic or distant meta-
static disease at presentation.7 High incidence of meta-
static disease at initial diagnosis is noted even with 
functional tumors. Of the functional P-NETs, VIP-omas, 
somatostatinomas, and glucagonomas are particularly 
associated with large size and high incidence of meta-
static spread, partly due to difficulty in diagnosing their 
clinical syndromes. Given the differences in behavior and 
management across the two major tumor types, nonfunc-
tional and functional P-NETs are examined separately.

24.1.2.1 Nonfunctional P-NETs

24.1.2.1.1 Diagnosis

Nonfunctional P-NETs do not produce distinct clinical 
syndromes, although they may still secrete biochemi-
cally detectable peptides, including chromogranin A, 
pancreastatin, human chorionic gonadotropin, neuron-
specific enolase, neurotensin, or pancreatic polypep-
tide.5 Diagnosis may be incidental or secondary to the 
investigation of nonspecific symptoms such as nausea, 
vomiting, weight loss, or anorexia. Vague abdominal 
pain or discomfort is the most commonly reported 
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symptom.8 Reported diagnostic delay in patients with 
nonfunctioning P-NETs ranges up to 7 years.9 Locally 
advanced disease may cause obstructive jaundice, duo-
denal obstruction or bleeding, portal vein thrombosis, 
and portal hypertension.3 Symptoms due to metastatic 
(primarily hepatic) disease may be the first suggestion 
of pathology.10 Serum chromogranin A, the most sen-
sitive biomarker for both functional and nonfunctional 
P-NETs, can aid diagnosis but is dependent on tumor 
burden, with reported sensitivity of 60%–100% in 
metastatic disease but ≤50% in less advanced tumors.6 
Pancreatic polypeptide has also been used as a serum 
marker. Combined use with chromogranin A was asso-
ciated with a diagnostic sensitivity of 94%.11

24.1.2.1.2 Localization

Contrast enhanced, multidetector computed tomogra-
phy (MDCT) or magnetic resonance imaging (MRI) is 
the modality most commonly associated with diagno-
sis of these incidentally or late-presenting tumors. The 
majority (60%) are located in the pancreatic head but may 
occur throughout the pancreas.3,9 P-NETs are hypervas-
cular, enhancing during the arterial phase of contrast-
enhanced CT. Thin sections through the pancreas 
improve sensitivity for lesions ≤1 cm. On MRI, P-NETs 
demonstrate low signal density on T1-weighted and 
high signal density on T2-weighted images. Endoscopic 
ultrasound with fine-needle aspiration (EUS+FNA) is 
useful for the diagnosis of cystic or solid lesions of the 
pancreas. Diagnosis of P-NET requires demonstration 
of chromogranin A and synaptophysin on immunohis-
tochemical staining.12

Somatostatin receptor scanning (SRS) is considered 
the most sensitive modality for the localization of NETs 
and screening for extrahepatic disease, as over 80% of 
P-NETs have high densities of somatostatin receptors. 
Reported sensitivity and specificity for this modality 
are 90% and 80%, respectively.

24.1.2.2 Functional P-NETs

Despite the presence of characteristic clinical syndromes, 
diagnosis of functional P-NETs can still be challenging 
due to intermittent symptomatology. Identification of 
a characteristic symptom pattern, biochemical and/or 
radiologic diagnosis, and preoperative management of 
the clinical syndrome are essential for uncomplicated 
operative management.

24.1.2.2.1 Insulinoma

Insulinomas are the most commonly encoun-
tered functional P-NETs, accounting for 30%–45%. 
Oversecretion of insulin produces both neuroglycopenic 
(confusion, obtundation, seizure, and coma) and 
autonomic (diaphoresis, palpitations, and tachycardia) 

symptoms. Whipple’s triad is the classic presentation 
of symptomatic hypoglycemia, fasting blood sugar 
<40 mg/dL, and relief of hypoglycemic symptoms with 
glucose administration.

Biochemical diagnosis requires low fasting blood 
glucose (<55 mg/dL) and subsequent inappropri-
ate elevation of serum insulin (>3 U/mL), C-peptide 
(>0.6 ng/mL), and proinsulin (>5 pmol/L). Elevation 
of proinsulin and C-peptide confirms the diagnosis 
and excludes exogenous insulin administration. Up to 
5%–10% of insulinomas occur in association with the 
MEN-1 syndrome.

24.1.2.2.1.1 Localization of the Tumor The majority 
(90%–95%) are benign, small (<2 cm) solitary lesions. 
Most are localized to the pancreas and up to 10% occur 
as multiple lesions with equal distribution throughout 
the pancreas. Extra-pancreatic lesions occur in 3%, most 
commonly in the duodenum.5 Due to their small size, 
preoperative localization of insulinomas can be diffi-
cult. Multiphase CT remains a common initial diagnos-
tic study, with insulinomas demonstrating the arterial 
enhancement, but lacks sensitivity for small lesions. 
MRI may slightly increase sensitivity; however, even 
with gadolinium contrast, the sensitivity for tumors 
≤2 cm is less than 50%. EUS appears the most accurate 
modality for localization, with reported sensitivities of 
80%–90%. Insulinomas are not well localized with SRS 
due to variable expression of somatostatin receptors. 
A significant number of tumors (20%–60%) remain 
unlocalized before surgery, and some authors main-
tain extensive attempts at preoperative localization are 
unnecessary.7 Surgical exploration by an experienced 
pancreatic surgeon with full pancreatic mobilization, 
bimanual palpation, and intraoperative ultrasound are 
associated with successful localization in 95%.

24.1.2.2.1.2 Management of Medical Symptoms Surgery 
provides the only definitive management for insulino-
mas. Preoperative symptom management is facilitated 
by dietary counseling (consumption of more frequent, 
smaller meals) and potential medical treatment with 
verapamil or diazoxide, which transiently reduce insu-
lin secretion.

24.1.2.2.2 Gastrinoma

The second most common functional, and the most com-
mon malignant P-NET, gastrinomas present with recur-
rent peptic ulcer disease (Zollinger–Ellison Syndrome) 
and secretory diarrhea secondary to elevated and unreg-
ulated serum gastrin levels. Tumors typically occur in 
the “gastrinoma triangle”—a region roughly defined 
by the confluence of the cystic and common bile ducts 
superiors, the second and third portion of the duode-
num inferiorly, and the neck and body of the pancreas 
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medially. Duodenal lesions account for 50%–88% of 
sporadic gastrinomas and 70%–100% of lesions seen in 
MEN 1.13 MEN 1 is diagnosed in up to 30% of patients 
with ZES. Pancreatic gastrinomas are typically seen as 
solitary ≥2 cm lesions in sporadic ZES. Gastrinomas are 
malignant in 50%–85% of cases, up to 25% having liver 
metastases at diagnosis.13

Biochemical diagnosis requires the presence of elevated 
(>1000 pg/mL) fasting serum gastrin levels (measured at 
least 72 h off PPI therapy) in the absence of alternative 
etiologies for hypergastrinemia, such as pernicious ane-
mia, atrophic gastritis, renal failure, or retained antrum 
and short gut syndromes. When indeterminate results 
are obtained, a secretin stimulation test with measure-
ment of subsequent fasting gastrin levels should be per-
formed. Postsecretin increase in serum gastrin of >200 
pg/mL above baseline is 83% sensitive and 100% specific 
for gastrinoma.14 Given the association of these tumors 
with MEN 1, patients should undergo serum parathyroid 
hormone, fasting ionized calcium, and prolactin testing.

In patients diagnosed with gastrinoma, tumor local-
ization is best accomplished with endoscopy and 
examination of the duodenum and multiphase MDCT, 
followed by SRS to further evaluate both primary and 
metastatic disease. SRS appears to be the best study for 
staging and detection of metastases. Endoscopic ultra-
sound may play a role in the detection of smaller pan-
creatic lesions but its utility in detection of duodenal 
gastrinomas is questionable.13 Proton pump inhibitor 
therapy should be initiated prior to surgery in patients 
with gastrinoma.

24.1.2.2.3 Glucagonoma

These rare tumors are the third most common func-
tional P-NETs and are associated with a pattern of 
symptoms that includes a characteristic migratory, 
pruritic rash (necrolytic migratory erythema). These 
patients also experience type II diabetes, increased risk 
of deep venous thromboembolic events, and depres-
sion, a symptom constellation referred to as the “4 Ds.” 
Dermatitis is the most common presenting symptom 
and can precede other symptoms by years, increasing 
the risk of delayed or missed diagnosis.

Elevated plasma glucagon levels (>500 pg/mL) and 
low levels of serum amino acids provide biochemical 
diagnosis. Skin biopsy is also diagnostic. Conventional 
CT imaging is usually sufficient for localization due 
to the tendency of late presentation and large (≥5 cm) 
tumor size of these lesions. The majority of tumors are 
found in the pancreatic body and tail.5

Glucagonomas require aggressive nutritional optimi-
zation and control of hyperglycemia prior to surgery. 
Amino acid supplementation and somatostatin ana-
logue therapy to control glucagon levels are indicated 
preoperatively.

24.1.2.2.4 VIP-oma

Tumors secreting vasoactive intestinal peptide (VIP) 
cause a symptom constellation known as the Verner–
Morrison syndrome; the WDHA (watery diarrhea, 
hypokalemia, and achlorhydria) syndrome; or pancre-
atic cholera. These patients experience intermittent, 
large-volume (≥3–5 L/daily) secretory diarrhea, hypo-
calcemia from fecal potassium loss, and achlorhydria. 
Elevated serum VIP levels (>200 pg/dL) establish the 
biochemical diagnosis. Localization can be accom-
plished through CT, EUS, or SRS. Up to 78% have hepatic 
metastases at presentation.15

Surgery provides the only cure. Preoperative fluid 
and electrolyte therapy is required. Somatostatin ana-
logue therapy is very effective in controlling the diar-
rhea and optimizing the patient for surgery.

24.1.2.2.5 Somatostatinoma

Somatostatinomas are the least common functional 
P-NET. The stomatostatinoma syndrome (cholelithiasis, 
Type II diabetes, steatorrhea, and hypochloridia) results 
from the inhibitory effects of somatostatin on gastro-
intestinal endo- and exocrine glands. The diagnostic 
difficulty of this entity is such that tumors may be unde-
tected until symptoms of advanced local or metastatic 
disease occur. Elevated serum somatostatin levels con-
firm diagnosis. Most tumors are localized to the head 
of the pancreas, most are malignant, and metastatic dis-
ease at presentation is common. Due to this tendency to 
late presentation, tumors are large and can be localized 
with CT imaging.

24.1.3 Complications of Surgical Management

Surgery is the only cure for both functional and non-
functional P-NETs. Appropriate surgical strategy 
depends on the nature and extent of the tumor. Both 
enucleation and organ-sparing resections may be alter-
natives to distal pancreatectomy and pancreaticoduode-
nectomy in selected patients.

24.1.3.1 Nonfunctional P-NETs

Increasing tumor size is associated with greater risk 
of malignancy, with lesions ≥2 cm mandating aggres-
sive surgical resection (removal of the primary and en 
bloc resection of any involved adjacent organs with the 
goal of an R0 resection).4,10 For tumors ≤2 cm, surgical 
management is controversial. These represent benign 
to intermediate risk tumors and, given the indolent 
natural history noted in many series, the benefits of 
resection require balance against operative risk.12 Some 
authors advocate surgical treatment for all symptom-
atic lesions regardless of size and asymptomatic tumors 
≥1 cm.10 For these smaller tumors (≤2 cm), without 
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evidence of malignancy, enucleation or organ-sparing 
surgery is appropriate. Distal pancreatectomy, with 
or without splenectomy, or central pancreatectomy 
with roux-en-y jejunal reconstruction is advocated for 
tumors of the body and tail unsuitable for enucleation. 
Nonfunctioning, asymptomatic tumors ≤1 cm are gen-
erally felt safe for observation, although this size cut-off 
is arbitrary and clear data on the nature and frequency 
of follow-up is lacking. A recent report of incidentally 
discovered nonfunctional P-NETs undergoing resection 
found that 7.7% of patients with initial tumors ≤2 cm 
developed late metastases or recurrence, providing 
argument for mandatory resection regardless of size.8

A significant number of patients present with locally 
advanced disease. Large tumors with portal or superior 
mesenteric vein involvement may be treated with resec-
tion and vascular reconstruction. Surgical debulking of 
locally unresectable, nonfunctioning primary tumors 
is generally not supported by the literature, as median 
survival in unresected patients has been reported to be 
5 years.12,16 In these patients, debulking results in high 
recurrence rates, exposure to the considerable morbidity 
of palliative pancreatic resections, and no demonstrated 
survival benefit.12 For locally unresectable tumors of the 
pancreatic head causing biliary or gastric outlet obstruc-
tion, some authors advocate surgical bypass over non-
surgical palliation as the primary treatment modality, 
given these patients’ long median survival.

Resection of the primary tumor in patients with dif-
fuse metastatic disease does not improve survival.12 
Consensus opinion supports a very limited role for pal-
liative surgery in selected patients with severe tumor-
related symptoms and minimal volume of hepatic 
metastatic disease. Palliative pancreaticoduodenectomy 
may have a rare role for low-risk patients with a symp-
tomatic nonfunctioning tumor in the pancreatic head, 
causing severe symptoms from duodenal bleeding or 
biliary or gastric obstruction, but the decision to pursue 
this route clearly must be individualized.

With isolated hepatic metastatic disease, liver resec-
tion is associated with 5-year survival rates of 47%–76%, 
compared to 30%–40% in untreated patients. Recurrence 
rates are as high as 76%, the majority occurring within 
2 years.17,18 Surgery for isolated hepatic metastatic dis-
ease is only advocated if ≥90% of the tumor burden 
can be resected. Enucleation and both anatomic or non-
anatomic resections are all options. Recent retrospective 
review of 72 patients with hepatic metastatic disease 
from nonfunctional P-NETs found 1- and 5-year, disease-
free survival rates among those undergoing palliative 
resection (≥90% tumor debulking) to be comparable 
to those receiving curative surgery (59% and 3.5% vs. 
54% and 10%, respectively).19 Adjunctive medical treat-
ment of metastatic disease with somatostatin analogues 
or hepatic artery chemoembolization increases the risk 

of cholelithiasis and gallbladder necrosis, respectively, 
mandating cholecystectomy during any resection of 
hepatic disease.

24.1.3.2 Functional P-NETs

24.1.3.2.1 Insulinoma

Regardless of preoperative localization attempts, intra-
operative ultrasound and bimanual palpation identifies 
nearly all insulinomas. Intraoperative ultrasound allows 
detection of tumors ≥3 mm and guides dissection and 
surgical strategy through delineation of ductal anatomy. 
The small size of these tumors (over 90% are ≤2 cm) 
makes enucleation the preferred approach.4 Spleen pre-
serving, distal pancreatic resection is appropriate for 
lesions adjacent to the pancreatic duct. Although ≥90% 
insulinomas are benign, large tumor size or local infil-
tration increases the likelihood of malignancy, mandat-
ing aggressive resection with pancreaticoduodenectomy 
for pancreatic head lesions or distal pancreatectomy and 
splenectomy for body and tail tumors.

Laparoscopic enucleation or distal pancreatic resec-
tion is an option in experienced centers. When intra-
operative localization is unsuccessful, blind resection 
should be avoided as these lesions have equal distribu-
tion throughout the pancreas.3,20

24.1.3.2.2 Gastrinoma

Diagnosis of gastrinoma demands surgical manage-
ment, with routine exploration and intended curative 
resection for all surgical candidates. Resection is curative 
in 26%–100% and decreases incidence of hepatic meta-
static disease.4,21,22 The majority of gastrinomas occur 
in the submucosal layer of the proximal duodenum, so 
palpation from the pylorus to the level of the superior 
mesenteric vein, followed by lateral duodenotomy over 
the second portion, is required. Enucleation of tumors 
≤5 mm is possible; larger lesions require full-thickness 
excision.4 For pancreatic head lesions, small tumors may 
be enucleated but large pancreatic head or duodenal 
lesions may require pancreaticoduodenectomy.

Laparoscopic resection for gastrinomas is not advised 
as these tumors may not be localized prior to laparot-
omy, require careful duodenal inspection, and have fre-
quent lymph node metastases.22 Surgical exploration is 
an efficacious approach, even in those patients with spo-
radic ZES and negative imaging studies. Experienced 
surgeons can localize nearly all tumors and provide 
cure in almost half of this group, 7% of whom may have 
hepatic metastases at laparotomy.23

24.1.3.2.3 Glucagonoma

Glucagonomas are most commonly found in the tail of 
the pancreas and are typically large (≥5 cm), with high 
incidence of locally advanced and metastatic disease. 
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These patients require distal pancreatectomy, regional 
lymphadenectomy, and resection of any hepatic metas-
tases. Complete resection is typically possible in a 
third of patients. The tendency to develop deep venous 
thrombosis mandates use of perioperative thrombopro-
phylaxis. Repeated resection of recurrent lymphatic or 
hepatic disease is advocated due to the indolent progress 
of these tumors. The survival benefit of this approach 
has not been specifically examined.

24.1.3.2.4 VIP-oma

The distal location of the majority of these tumors and 
high incidence of metastatic disease mandates aggres-
sive resection. Expert opinion advocates subtotal pan-
creatic resection and removal of hepatic metastates. 
Debulking procedures for advanced disease are thought 
to decrease tumor burden with subsequent partial alle-
viation of symptoms. Cholecystectomy prevents cho-
lelithiasis associated with subsequent somatostatin 
analogue therapy.

24.1.3.2.5 Somatostatinoma

Most somatostatinomas are found in the head of the 
pancreas and ≤75% have metastases at diagnosis. 
Surgery typically requires pancreaticoduodenectomy. 
Debulking of the primary and metastatic disease for 
symptomatic palliation is considered appropriate. 
Cholecystectomy is also mandated due to the associa-
tion of elevated somatostatin levels with cholelithiasis.5

24.1.4 Resection of Hepatic Metastatic Disease

Aggressive treatment of hepatic metastatic disease is 
generally advocated for functional P-NETs and indi-
cated with metastases confined to a solitary lobe or 
when ≥90% of tumor burden can be removed. Options 
for hepatic disease not amenable to resection, or for 
adjunctive treatment, include transarterial chemoem-
bolization (TACE), radiofrequency ablation (RFA), or 
cryotherapy.13,20,24 In a small review of liver-only neuro-
endocrine metastases, surgical therapy with resection, 
ablation, or a combination was associated with 83% sur-
vival at 3 years compared to only 31% in those treated 
medically.25 The 5-year survival for patients with P-NET 
hepatic metastases treated by either a combination of 
resection and ablation or TACE alone differed signifi-
cantly from those patients treated medically (72% and 
50% vs. 25%).26 Major hepatic resection of neuroendo-
crine disease was associated with a 14% perioperative 
complication and 1% mortality rate, but 5- and 10-year 
survival rates of 61% and 35%, respectively, although 
tumor recurrence at 5 years was 84%.27 The role of 
extended surgery in patients with both locally advanced 
and hepatic P-NET disease is broadening as accumulat-
ing literature appears to support increased disease-free 

survival and acceptable morbidity and mortality with 
this approach.28

24.1.5  Postoperative Complications and the 
Management of Recurrent Disease

24.1.5.1 Postoperative Complications

The precise incidence and range of postoperative com-
plications seen in patients with P-NETs is difficult to 
determine due to the rarity of these tumors, the range 
of operative procedures employed in their management, 
and the biological diversity of the lesions. Outcome 
data derives from single-center series with significant 
variability. Many of the postoperative complications 
seen in patients with P-NETs parallel those seen in 
patients undergoing pancreatic or hepatic resection for 
other indications.

Review of the largest reported series of surgery 
for P-NETs (ranging in size from 70 to 168 patients) 
establishes the following rates of postoperative 
complications: medical complications, 17%–44%; wound 
infection; 1%–7%; intra-abdominal abscess; 1%–4%; 
delayed gastric emptying, 3%–19%; biliary fistula, 5%, 
postoperative hemorrhage; 4%; and pancreatic fistula, 
9%–19%. Reported perioperative mortality ranges from 
0% to 3%.8,29–31

These studies all report patients with a heterogeneous 
mix of tumors undergoing varying surgical approaches. 
Incidence of any surgical complication ranges from 23% 
to 29%, but risk varies with the type and extent of surgi-
cal procedure, as well as tumor and patient factors. The 
largest review of exclusively nonfunctioning P-NETs, all 
detected incidentally, reported a 44% incidence of any 
30-day postoperative complication, pancreatic fistula 
(PF) occurring in 15%, intra-abdominal abscess in 4%, 
wound infection in 3%, and intestinal fistulae in 1%.8 A 
retrospective review of 70 patients with P-NET found 
unsurprisingly that pancreaticoduodenectomy had the 
highest complication incidence (48%), distal pancreatec-
tomy lesser incidence  (13%), with no complications in a 
small subgroup (n = 11) undergoing enucleation.30

24.1.5.1.1 Pancreatic Fistula

Postoperative PF is one of the most common complica-
tions of pancreatic surgery, with incidence ≤30% after 
pancreaticoduodenectomy. Unlike pancreatic adenocar-
cinoma or chronic pancreatitis, P-NETs are not associ-
ated with significant glandular desmoplastic or fibrotic 
change. Surgery for these tumors may be associated 
with higher PF rates. A review of 639 patients undergo-
ing pancreatic surgery noted 36% of those with P-NET 
developed a PF compared with 15% for those with ade-
nocarcinoma or chronic pancreatitis.32 PF rates after enu-
cleation were 40%. A multicenter retrospective review 
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of 122 patients with P-NET also found enucleation to be 
associated with significantly higher PF rates compared 
to resection (38% vs. 15%).33 When only clinically sig-
nificant PF (defined as major fistula prolonging hos-
pital stay or requiring surgical repair) were examined 
in another series of 122 patients, overall incidence was 
24% with no difference noted between enucleation and 
resection.34 Another small series of 46 patients under-
going surgery for P-NETs ≤4 cm noted nonsignificant, 
increased incidence of PF (33% vs. 13%) and all post-
operative complications (47% vs. 19%) for enucleation 
compared to resection.35 A more recent matched-cohort 
study noted no difference in PF incidence, although 
enucleation was associated with significantly less “seri-
ous” postoperative morbidity.36 No patients experienced 
PF in another small series of enucleation for P-NET.30 All 
these studies have suffered from small sample size and 
methodological limitations. The limited data available, 
however, suggest that P-NETs, lacking the firm fibrotic 
change seen in other pathologies, are more prone to post-
operative PF, but the relative risks of different resective 
procedure requires larger study. Use of somatostatin 
analogues (octreotide) for prevention and management 
of PF remains controversial among pancreatic surgeons. 
The most recent Cochrane Collaboration meta-analysis 
determined an overall reduced PF incidence, without 
subsequent effect on mortality, leading the authors to 
advocate for octreotide.37 However, high-quality data 
are lacking. Bowel rest, nutritional support, drainage 
of intra-abdominal collections, and correction of fluid 
and electrolyte disturbances remain the mainstay of PF 
treatment.

24.1.5.1.2 Laparoscopic Surgery

The use of minimally invasive techniques for hepato-
biliary and pancreatic disease is increasing. A 15-year 
review of patients undergoing resection for P-NET 
found minimally invasive and parenchymal-sparing 
surgeries doubled over the study period, with subse-
quent shortening of hospital stays without negative 
impact on morbidity or survival.38 Studies of outcomes 
of minimally invasive surgery for P-NET are confined to 
small case series. Conversion rates range from 0% to 40%. 
Laparoscopic surgery for patients with small, benign 
tumors requiring enucleation or distal pancreatectomy 
appears reasonable, but definitive data to guide patient 
selection and expected outcomes are lacking.

24.1.5.2 Long-Term Outcomes

P-NETs are characterized by an indolent course and less 
aggressive biology compared to pancreatic adenocarci-
noma. Prediction of tumor behavior and risk of recurrent 
disease has been assisted by the evolution of three classi-
fication systems. The World Health Organization (WHO) 

classification subdivides neuroendocrine tumors into 
three categories based on the presence of local infiltra-
tion or metastatic spread, tumor histology, size, presence 
of perineural or angioinvasion, and Ki-67 proliferative 
index. Benign lesions are well differentiated, confined to 
the pancreas, and ≤2 cm in size, with ≤2 mitosis/10 hpf, 
≤2% Ki-67 expression, and no angio or perineural inva-
sion. Intermediate-risk tumors are those that remain 
confined to the pancreas but are ≥2 cm, ≥2% Ki-67, have 
2–10 mitoses/10 hpf and demonstrate angio or perineural 
invasion. Malignant tumors are distinguished by frank 
local invasion or metastatic spread. Reported 5-year 
survival rates for well-differentiated benign tumors, 
intermediate tumors, and malignant tumors range from 
91% to 100%, 56% to 57%, and 0% to 8%, respectively.8,39 
The WHO system has since been supplemented by the 
addition of TNM-based staging by both the American 
Joint Committee on Cancer (AJCC) and the European 
Neuroendocrine Tumor Society (ENETS). The addition 
of TNM staging to the prognostication of P-NETs has 
been validated across multiple clinical studies.

24.2  Complications of Gastrointestinal 
Neuroendocrine Tumors (Carcinoid)

24.2.1 Introduction

The term “karzinoid” (carcinoma-like) was coined by 
Oberndorfer in 1907 to describe small bowel neoplasms 
initially presumed benign. These tumors’ potential 
malignant nature was later appreciated, but the term 
“carcinoid” persists, both to describe neuroendocrine 
tumors of the gastrointestinal or bronchopulmonary 
systems and the seratonergic syndrome associated with 
these lesions. Most frequently “carcinoid” is used to 
describe a neuroendocrine tumor of the GI tract and, 
although this usage remains common, it is also anach-
ronistic. These lesions are best characterized by their 
primary location or embryologic origin, histologic fea-
tures, and any associated biochemical activity. However, 
given the complexity of the WHO classification system 
and the diversity of these tumors throughout the GI 
tract, “carcinoid” as a general descriptor is likely to per-
sist. For the purposes of this text, G-NET will be used. 
Tumors of the GI tract account for two-thirds of all GEP-
NETs. Like P-NETs, these lesions present a spectrum of 
clinical activity and tumor biology.

24.2.2  Complications of Diagnosis and 
Operative Management

The majority of G-NETs present asymptomatically, 
found during radiologic, endoscopic, or surgical 
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intervention for other symptoms.40 The spectrum of pre-
sentation varies by tumor location within the GI tract 
and any associated biochemical activity.

24.2.2.1 Biochemical and Radiologic Diagnosis

G-NETs produce serotonin, metabolized in the liver and 
lungs to 5-hydroxyindoleacetic acid (5-HIAA). Detection 
of G-NETs is facilitated by measure of 24 h urine 5-HIAA 
levels. The reported sensitivity is 73%–75%, with speci-
ficities from 88% to 100%.41 Most patients with G-NET 
have 5-HIAA excretion ≥100 mg/day. Foregut and hind-
gut tumors are associated with minimal secretion of 
seratonin, making 5-HIAA an inappropriate biomarker 
for diagnosis. Chromogranin A can also diagnose both 
functioning and nonfunctioning tumors, elevated in up 
to 80% of those with G-NET. Chromogranin A is also 
useful for assessing overall tumor burden, response to 
treatment, and disease prognostication.

Radiologic evaluation with MDCT or MRI is usually 
the first imaging modality utilized in these patients. SRS 
is the major technology used to detect metastatic dis-
ease. Endoscopy is often the initial means of identifying 
gastric, duodenal, rectal, and colonic lesions and can be 
combined with endoscopic ultrasound to determine the 
extent of tumor invasion.

24.2.3 Surgical Management of G-NETs

Management of G-NETs depends on tumor location, 
size, and the presence of biochemically active secretory 
products.

24.2.3.1 Gastric G-NETs

Four major types of gastric G-NETS have been charac-
terized. Types I and II have excellent prognosis but Type 
III is an aggressive form and Type IV lesions are rarely 
amenable to intervention. Type I tumors account for 
≥75% of all gastric NETs and are associated with a his-
tory of hypergastrinemia such as autoimmune chronic 
gastritis. These lesions are generally small (≤1 cm) with 
an indolent course. Endoscopic mucosal resection is 
appropriate for lesions ≤1 cm. Local excision is required 
for larger lesions.

Type II gastric G-NETs occur in the setting of MEN-1 
and ZES. They have greater risk of nodal metasta-
ses than Type I lesions and are frequently larger with 
angioinvasion and local infiltration. Treatment consists 
of removing the impetus for the hypergastrinemia (e.g., 
treatment of duodenal lesions associated with ZES) and 
surgical resection.

Type III lesions are sporadic and unrelated to chronic 
atrophic gastritis or MEN 1. The lesions are larger (3–5 
cm) and highly aggressive with 5-year survival rates 

≤75%. Rarely, Type III lesions produce an “atypical” 
carcinoid syndrome, consisting of the classic symp-
toms without diarrhea. Treatment is similar to that for 
gastric adenocarcinoma. Type IV gastric lesions are 
poorly differentiated NETs, highly malignant with sig-
nificant incidence of metastatic disease on presentation. 
Prognosis is poor as these tumors are usually not ame-
nable to surgical intervention.

24.2.3.2 Small Bowel G-NETs

The small bowel, particularly the terminal ileum, is the 
most common location for G-NETs. Tumors may pres-
ent late after a prolonged history of nonspecific abdomi-
nal pain or intermittent obstructive symptoms. These 
tumors are more likely to metastasize than any other 
G-NET and are responsible for 75%–80% of carcinoid 
syndromes. All tumors, regardless of size, are consid-
ered malignant, mandating resection. Significant des-
moplastic reactions cause mesenteric foreshortening 
and kinking, causing bowel obstruction. Venous stasis, 
secondary to mesenteric vessel encasement, can also 
cause segmental bowel ischemia. Management requires 
en bloc resection with appropriate lymphadenectomy. 
Full intraoperative evaluation is required to rule out 
additional lesions or metastatic disease.

24.2.3.3 Appendiceal G-NETs

Most appendiceal G-NETs are diagnosed following 
appendectomy for acute appendicitis. These tumors rarely 
cause carcinoid syndrome. Most tumors occur at the 
appendiceal tip and are typically ≤2 cm. Appendectomy 
alone is sufficient treatment for tumors ≤1 cm. Traditional 
indications for right hemicolectomy are tumors ≥2 cm, 
mesoappendiceal invasion, tumors at the base with posi-
tive resection margins, and high-grade malignant or 
goblet-cell histology.42 The treatment of lesions 1–2 cm 
remains controversial. Some authors question the 2 cm 
size criteria for hemicolectomy, citing a low rate of lym-
phatic invasion, but this study’s population is too small to 
justify any conclusions.43

24.2.3.4 Large Bowel G-NETs

Clinical presentation of large bowel G-NETs may not 
occur until a late stage due to the large colonic diam-
eter and relative immunity to local mass effect. These 
lesions are often discovered at endoscopy. Tumors 
≤1 cm are rarely associated with lymphatic involvement 
and, like other areas of the GI tract, may be treated with 
endoscopic resection. A recent review of over 90,000 
colonic tumors identified 345 G-NETs, finding that 
lesions <11 mm without lymphovascular invasion could 
be treated by local resection alone.44 All other lesions 
require resection with lymphadenectomy.
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24.2.3.5 Rectal G-NETs

Treatment of rectal G-NETs depends on the lesion size 
and extent of invasion. Carcinoid syndrome rarely occurs 
in rectal tumors and SRS is rarely positive due to low 
incidence of somatostatin receptors.45 Incidence of nodal 
metastases depends on tumor size with lesions ≤1 cm 
having little risk of metastatic spread. Small lesions 
≤1 cm without muscular or lymphatic invasion can be 
treated with endoscopic resection. Transanal lesions 
of 1–2 cm may be amenable to transanal excision but 
require endoanal ultrasound or MRI for accurate stag-
ing. Low anterior or abdominal perineal resection may 
be required for tumors ≥2 cm with histologic or lym-
phatic invasion or atypical features.

24.2.4  Systematic Complications 
of Carcinoid Tumors

24.2.4.1 Carcinoid Syndrome

G-NETs are primarily associated with a constellation 
of cutaneous and systematic symptoms, the “carcinoid 
syndrome.” Tumors of the midgut, arising from the 
enterochromaffin cells of the GI tract, secrete a variety 
of biologic amines including seratonin. The carcinoid 
syndrome, occurring in ≤10% of patients, is presumed 
largely secondary to seratonin but other contribu-
tors, such as 5-HTP, histamine, dopamine, prostaglan-
dins, neuropeptide K, and kallikrein, are potentially 
implicated.

Carcinoid syndrome occurs primarily with small 
bowel tumors, when venous drainage of tumor-secreted 
vasoactive substances bypasses the liver in those with 
hepatic or retroperitoneal metastatic disease. Despite 
access to systemic circulation, rectal carcinoids almost 
never produce carcinoid syndrome.41 Flushing is the 
most common symptom (63%–95%) but abdominal 
pain, telangiectasia, bronchoconstriction, pellagra, and 
diarrhea also occur. Pellagra refers to the combina-
tion of diarrhea, dementia, and dermatitis due to nia-
cin deficiency. G-NETs can consume large amounts of 
body niacin in the production of serotonin. Diarrhea 
occurs in approximately 80% of patients. In addition to 
the systemic symptoms secondary to hepatic metastatic 
disease, pain related to tumor bulk and liver capsule 
involvement can occur.

24.2.4.2 Carcinoid Heart Disease

Carcinoid heart disease occurs in up to 40%–50% of 
patients with carcinoid syndrome, characterized by 
the presence of fibrotic plaques on the right side of the 
heart, typically involving the pulmonary and tricus-
pid valves and endocardium.46,47 The tricuspid valve 
is most commonly involved. Left-sided heart disease 

is rare without a patent foramen ovale, likely due to 
biologic clearance or inactivation of disease media-
tors before they reach the left side of the heart. The 
pulmonary endothelium can metabolize serotonin to 
5-HIAA, contributing to the lack of left-sided findings 
in these patients. Seratonin is again thought to be the 
primary causative agent in carcinoid-related heart dis-
ease, and patients with heart disease have consistently 
higher urinary 5-HIAA concentrations than those 
without, suggesting the heart disease reflects failure 
to effectively diagnose and manage carcinoid syn-
drome.47 Unsuspected right heart disease complicates 
intraoperative fluid management and confounds cen-
tral venous pressure monitoring, leading to significant 
patient harm.

The presence of cardiac disease increases the risk of 
abdominal operation in patients with carcinoid. Patients 
with carcinoid syndrome require careful cardiac evalu-
ation with both 2D and Doppler echocardiography. 
Screening is recommended for all patients with midgut 
G-NETs, regardless of hepatic metastatic disease, and all 
patients with carcinoid syndrome.41 Cardiologic consul-
tation for all, and cardiothoracic surgical for those with 
significant lesions, is required for preoperative opti-
mization. For those with advanced disease, treatment 
options include balloon vavuloplasty or valve replace-
ment.2,46 Significant valvular disease warrants infective 
endocarditis prophylaxis.

24.2.4.3 Carcinoid Crises

Carcinoid crises present a spectrum of findings rang-
ing from exacerbation of typical carcinoid syndrome 
symptoms to fulminant bronchospasm and hemody-
namic derangement with profound hypotension or, 
more rarely, hypertensive urgencies or emergencies. 
Symptoms occur in response to stressor such as induc-
tion of anesthesia, surgery, or chemotherapy but can 
occur spontaneously. Carcinoid crises are a major poten-
tial complication of operative management, though sec-
ondary to catecholamine release in response to pain or 
physiologic stress. Tumor manipulation may also pre-
cipitate a crisis. Spinal anesthesia is also associated with 
increased risk, related to the catecholamine response 
stimulated by hypotension, making dural anesthesia 
preferable for pain management.46

Octreotide prophylaxis should be used to pre-
vent carcinoid crises in patients undergoing surgery. 
Intraoperatively, adrenergic drugs should be avoided 
for hypotension, as these can react with tumor adreno-
receptors, causing increased release of serotonin. An 
acute crisis requires cessation of tumor manipulation, 
support of blood pressure with fluids, and further intra-
venous octreotide administration. Bronchospasm is 
treated with octreotide and steroids.
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24.2.4.4 Intestinal and Mesenteric Fibrosis

Small bowel G-NETs cause significant desmoplastic 
reaction, producing mesenteric fibrosis and ischemia. 
These processes complicate intraoperative management 
but also suggest diagnosis when found at laparotomy. 
Extreme desmoplastic reactions can complicate resection 
and anastomosis, requiring careful surgical judgment. 
Mesenteric vascular entrapment can often be freed with 
careful dissection. Surgical debulking of mesenteric dis-
ease can palliate symptoms of bowel obstruction and 
ischemia.48

24.3  Medical Therapy for Recurrent 
or Unresectable Disease

Patients with recurrent or unresectable neuroendo-
crine tumors may be treated with somatostatin ana-
logs; interferon alpha; or systemic single-agent or 
combination chemotherapy with streptozocin (cur-
rently the only FDA-approved agent for P-NET), fluo-
rouracil, doxirubicin, chlorozotocin, and dacarbazine. 
The tyrosine kinase inhibitor Sunitinib maleate and 
the mTOR inhibitor Everolimus have been shown 
to have some benefit, although with these agents 
response is typically less than 1 year. As in any com-
plex oncologic disease process, these patients are best 
managed through multidisciplinary treatment teams 
and in high-volume centers. Repeated surgical inter-
vention for locoregional recurrence may increase 
survival in that population undergoing initial cytore-
ductive surgery.49

24.4  Management of Recurrent 
or Metastatic Disease

Patients with isolated hepatic metastatic disease should 
be considered for multimodal treatment, including sur-
gical debulking, radiofrequency ablation, and hepatic 
artery embolization. The goal of treatment is removal 
of ≥90% of gross disease. Recurrence is the norm 
and re-resection may be required for disease control. 
Cholecystectomy is indicated for patients who will 
receive subsequent somatostatin therapy. For more dif-
fuse metastatic disease, the primary medical option 
is somatostatin analogue therapy. Response rates to 
single-agent chemotherapy have not significantly pro-
gressed beyond 20%. Streptozocin remains the pri-
mary agent, alone or in combination with doxorubicin, 

dacarbazine, Paclitaxel, or 5-fluorouracil. Newer thera-
pies with tyrosine kinase inhibitors, mTOR inhibitors, 
and anti-angiogenic therapies with monoclonal anti-
bodies targeting vascular endothelial growth factor 
(VEGF) continue to be studied. In patients with locally 
advanced or metastatic disease, aggressive surgery 
(removal of the primary and/or extensive debulking 
and cholecystectomy), along with multimodal medical 
treatment may palliate symptoms and impact survival.50 
As in P-NETs, improved survival in patients with liver-
only metastatic disease treated with resection and abla-
tion is also noted.18,25
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The surgeon is most likely to encounter a patient who has 
sustained a cardiac arrest in a hospital environment, where 
adequate monitoring will be in place and support personnel 
competent to initiate cardiopulmonary resuscitation (CPR) 
and advanced cardiovascular life support.

Patients are usually in one of three locations: the emer-
gency department, the operating room, or the intensive care 
unit (ICU). The surgeon’s initial response to cardiac arrest 
depends on the presumed cause of the arrest, on whether the 
arrest was witnessed, and on the patient’s clinical status 
(e.g., whether the arrest occurred intraoperatively while the 
patient’s abdomen or chest was open).

The 2010 American Heart Association (AHA) Guidelines 
for CPR and Emergency Cardiovascular Care (ECC) have 
emphasized the immediate performance of chest compressions. 
The surgeon must determine whether the patient would ben-
efit from open cardiac massage, rather than closed chest com-
pressions. Complications of CPR will be determined by the 
length of time to return of spontaneous circulation and the 
mode of delivery chosen for the cardiac compressions.

Only rarely will surgeons be involved in treating a patient 
who suffers sudden cardiac death. With a few exceptions, such 

as trauma, sudden massive pulmonary thromboembolism, or 
massive myocardial infarction, most episodes of cardiac arrest 
with which surgeons are involved are associated with serious 
multiorgan dysfunction.

25.1  Causes and Factors Underlying 
Cardiac Arrest

If cardiac arrest is to be successfully managed, cer-
tain underlying factors must be recognized and cor-
rected. In general, cardiac compromise or arrest can 
be broadly categorized as due to nontraumatic or trau-
matic causes. Nontraumatic arrest can be further cat-
egorized as resulting from respiratory factors, cardiac 
factors, neurologic factors, or metabolic or electrolyte 
disturbances. Table 25.1 outlines the causes of nontrau-
matic arrest, and Table 25.2 outlines the causes of trau-
matic arrest.
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25.2 Pathophysiology of Cardiac Arrest

Understanding the pathophysiology of the precipitat-
ing event will help guide and direct the management 
of cardiac arrest during the resuscitation phase and the 
post-resuscitation period.

Cardiac arrest results in cessation of blood flow; how-
ever, the vulnerability of organs to ischemic injury 
differs. The central nervous system, particularly the 
brain, is the most susceptible to such injury; the most 
vulnerable areas of the brain are the cerebral cortex, the 

hippocampus, and the cerebellum. Irreversible brain 
damage can be expected after 5 min of normothermic 
cardiac arrest. If the blood flow to the brain is not restored 
within 10 min, restoration of neurologic function rarely 
occurs. The heart is the second most vulnerable organ 
to ischemia; the endocardium is more sensitive than 
the epicardium. The kidneys, gastrointestinal tract, and 
musculoskeletal system are much more tolerant to the 
disruption of blood flow and can tolerate longer periods 
of normothermic ischemia (up to 1 h) without perma-
nent damage, if adequate reperfusion is reestablished.

Cessation of cardiac function results from one of three 
causes: ventricular fibrillation (VF) or pulseless ventric-
ular tachycardia (VT), ventricular asystole, or pulseless 
electrical activity (PEA) [1].

25.2.1  Ventricular Fibrillation or Pulseless 
Ventricular Tachycardia

VF or pulseless VT usually results from a primary cardiac 
event such as acute myocardial infarction or ischemia. 
The presence of antecedent multifocal premature ventric-
ular contractions may serve as a warning sign for these 
serious conditions. Certain electrolyte disturbances, such 
as hypokalemia, hypomagnesemia, or hypocalcemia, 
may complicate or contribute to this scenario (Table 25.1). 
In cases of traumatic cardiac arrest, ventricular irritability 
may suggest air embolism or cardiac compression caused 
by a tension pneumothorax or pericardial tamponade. 
Electrocution with alternating current in the range of 
100 mA–1 A can also cause VF (Table 25.2).

TABLE 25.2

Factors Causing or Contributing to 
Traumatic Cardiac Arrest

Exsanguination
Hypovolemia
Cardiac injury
Pericardial tamponade
Tension pneumothorax
Air embolism
Airway obstruction

Extrinsic compression
CNS depression
Direct injury
Intraluminal or oropharyngeal bleeding
Hemic drowning

Drowning or near-drowning
Severe brain injury
Spinal cord injury
Electrocution
Hypothermia

Note: CNS, central nervous system.

TABLE 25.1

Factors Causing or Contributing to Nontraumatic Cardiac 
Arrest

Respiratory factors Neurologic factors

Airway obstruction Central depression
CNS injury Stroke
Foreign body Anesthesia
Infection Drugs or toxins
Trauma
Tumor Metabolic or electrolyte factors

Insufficient ventilation Acidosis
CNS injury Alkalosis
Neuromuscular disease
Drugs

Hypokalemia or hyperkalemia
Hypomagnesemia or 
hypermagnesemia

Hypocalcemia
Hypothermia

Hypoxemia or pulmonary 
dysfunction
COPD
Asthma
Pulmonary edema
Venous thromboembolism Drugs or toxins
Pneumonia Beta-blockers

Calcium channel blockers
Cardiovascular factors Digoxin
Cardiac factors Antiarrhythmics

Acute coronary occlusion Tricyclic antidepressants
Coronary artery disease Carbon monoxide
Drugs Cyanide

Reduced cardiac output Cocaine
Cardiomyopathy
Valvular or structural 

abnormalities
Tension pneumothorax
Pericardial tamponade
Pulmonary embolism

Circulatory factors
Hypovolemia or hemorrhage
Distributive shock

Sepsis
Neurogenic shock

Note: CNS, central nervous system; COPD, chronic obstructive pul-
monary disease.
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25.2.2 Ventricular Asystole

Asystole usually results from cardiac arrest while the 
heart is in diastole. Asystole may be the final outcome 
of a process beginning with bradycardia in patients 
with hypoxemia caused by respiratory failure, by a 
vasovagal event, or by a metabolic disturbance such as 
hyperkalemia. Furthermore, asystole may be the result 
of exsanguination: in this event, the progression from 
tachycardia to bradycardia and PEA finally degener-
ates to asystole. Electrocution with alternating current 
of more than 10 A can also result in ventricular asystole.

25.2.3 Pulseless Electrical Activity

PEA occurs when a heart rhythm is present on the 
monitor but cardiac output is absent. Common causes 
of PEA include severe hypoxia, hypovolemia, hypother-
mia, acidosis, tension pneumothorax, and pericardial 
tamponade. Immediate recognition and treatment of 
these readily reversible causes of PEA can lead to return 
of normal sinus rhythm.

25.3  Physiology of Standard Closed-Chest 
Cardiopulmonary Resuscitation

25.3.1 Cardiac Pump Model

Kouwenhoven et al. [2] first suggested that CPR works 
as a cardiac pump by squeezing the heart between the 
sternum and the spine. Each chest compression results 
in systole, with the left ventricle compressed and blood 
propelled forward. Because the cardiac valves operate 
in only one direction, prograde flow into the arterial 
circulation is guaranteed. The relaxation phase of CPR, 
which allows the sternum to return to its normal posi-
tion, corresponds to diastole, during which intracardiac 
pressures fall, the atrioventricular valves open, and 
venous return occurs.

25.3.2 Thoracic Pump Model

Most physiologists favor the thoracic pump model of 
CPR [3]. In this model, forward flow is generated by an 
arteriovenous pressure gradient that is established by 
chest compression. External compression of the chest 
generates an increase in thoracic pressure that is trans-
mitted throughout the thorax, including the heart, the 
aorta, and the great veins. According to this model, the 
mitral and tricuspid valves are incompetent and no sig-
nificant atrioventricular or ventriculoaortic pressure 
gradients are present.

25.3.3  Perfusion during Cardiopulmonary 
Resuscitation

Closed-chest CPR results in only limited perfusion of 
vital organs. Cardiac output is believed to be no more 
than 25%–30% of normal, and cerebral blood flow is 
believed to be only about 10%–15% of normal [3,4]. 
Furthermore, coronary blood flow during standard CPR 
may be as low as 5% of normal [4,5]. If the surgeon per-
forms open cardiac massage, through a left anterolateral 
thoracotomy, cardiac output can be twice that achieved 
by closed-chest compressions [5,6].

25.4 Management of Cardiac Arrest

The AHA has established guidelines for CPR and ECC 
[7]. These standards and guidelines are readily avail-
able and will not be discussed in detail here. However, 
a significant change to the 2010 AHA guidelines was 
the performance of chest compressions prior to airway 
and breathing in out-of-hospital adult resuscitations. 
Although ventilations are an important part of resus-
citation, evidence supports that chest compressions are 
the critical component in an adult resuscitation.

If an automated external defibrillator (AED) is avail-
able in the field and reveals VF or if a patient who is 
being monitored experiences VF, immediate defibril-
lation takes precedence over airway management, 
pharmacotherapy, and CPR because hypoxemia and 
prolonged fibrillation have not yet developed, and the 
chances of restoring normal circulation are maximized.

As stated earlier, closed-chest compressions pro-
vide only a fraction of the normal cardiac output, 
even under optimal conditions. If standard closed-
chest CPR fails to provide effective circulation, the 
surgeon may consider using open-chest cardiac mas-
sage. Under certain circumstances, resuscitative left 
thoracotomy and open-chest cardiac massage may be 
the only means of effective resuscitation after nontrau-
matic cardiac arrest. Because most physiologists sub-
scribe to the thoracic pump model of CPR, effective 
circulation may not be provided when the transmis-
sion of pressure throughout the thorax is impossible, 
such as when the abdomen or chest is open. Especially 
for trauma victims, the situation may be compounded 
by hypovolemia, cardiac tamponade, or an unstable 
chest wall, which renders conventional CPR ineffective 
[5]. These conditions are most commonly encountered 
in the trauma bay, operating room, during laparotomy 
or thoracotomy, and in the ICU, where patients may 
have an open abdomen after a damage control lapa-
rotomy. In such circumstances, open cardiac massage 
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via resuscitative thoracotomy may be the only hope 
for survival.

Direct cardiac massage through a minimally inva-
sive approach rather than an open thoracotomy has 
been reported [8,9]. This procedure, called minimally 
invasive direct cardiac massage (MID-CM), involves 
inserting a heart-contacting padded baseplate, con-
nected to a handle, through a 2–3 cm incision in the 
left parasternal area. The handle remains outside 
the chest, and the baseplate is positioned directly on 
the ventricles with the pericardium intact. Manual 
decompression of the device compresses the heart and 
causes an artificial systole. In a swine model of cardiac 
arrest [8], this technique provided coronary and cere-
bral perfusion similar to that achieved using standard 
open-chest cardiac massage. A European pilot study 
[9] using this technique in the prehospital setting dem-
onstrated promising results. Dissection and insertion 
was rapid, less than 1 min. Compared with standard 
CPR, MID-CM showed an improvement of hemody-
namic parameters. A strong carotid pulse was obtained 
in all 25 patients. This technique has not gained accep-
tance due to the need for adequate training and poten-
tial complications.

The management scheme described earlier is appro-
priate in cases of nontraumatic cardiac arrest. In cases 
of trauma, resuscitative thoracotomy is vital for patients 
who are in extremis or whose condition deteriorates so 
that cardiac arrest appears imminent. For trauma vic-
tims, thoracotomy may be necessary to relieve pericardial 
tamponade, control thoracic bleeding, control air embo-
lism, allow open cardiac massage, provide temporary 

aortic occlusion so as to maximize cerebral and coronary 
perfusion, and limit infradiaphragmatic bleeding [10,11].

25.5  Technique of Resuscitative Thoracotomy 
and Open Cardiac Massage

The technique of resuscitative thoracotomy and open 
cardiac massage has been reviewed by Cothren and 
Moore [10] and Seamon et al. [11]. In most instances, the 
patient is placed supine with the left arm raised above 
the head. For men, a standard left anterolateral thora-
cotomy incision is begun just lateral to the left border 
of the sternum and carried in a straight line laterally to 
a point just below the nipple (Figure 25.1). For women, 
the incision is placed in the inframammary crease, and 
the breast is held under cephalad traction. The chest is 
entered through the fifth intercostal space. During most 
emergency thoracotomy procedures, the pericardium is 
opened with an incision that begins anterior to the left 
phrenic nerve and proceeds longitudinally so as to avoid 
transecting the nerve. The pericardium must be opened 
widely so that the heart can be delivered through the inci-
sion (Figure 25.2). An inadequate pericardiotomy may 
impede effective cardiac output during open massage or 
result in cardiac arrest because inflow is occluded.

Manual cardiac massage should be performed with 
both hands. In this technique, the hands should be 
slightly cupped and placed on the anterior and poste-
rior surfaces of the heart. The ventricles are cyclically 

(a) (b)

FIGURE 25.1
(a) The standard skin and soft-tissue incision for a left anterolateral resuscitative thoracotomy extends in a straight line from the left border of the 
sternum to the posterior axillary line. The incision may be extended into the right chest at the same level or one intercostal space higher. (b) Once 
the plane of the ribs and intercostal muscles has been reached, the intercostal muscle is thinned with a knife, but the pleura is entered with a finger 
or blunt-tipped scissors to avoid iatrogenic laceration of the heart or the lungs. The intercostal space is then opened widely with heavy scissors.
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compressed as shown in Figure 25.3. The fingertips 
should be flat against the epicardial surface. Most stud-
ies have indicated that the optimal rate of manual car-
diac massage is approximately 100 bpm.

Aortic cross-clamping is generally performed at the 
outset of cardiac massage; its purpose is to help maximize 

cerebral and coronary flow. The first step in clamping 
the aorta is to locate the descending vessel by anteriorly 
retracting the left lung with the left hand, a maneuver that 
is facilitated if the lung is deflated. Direct visualization of 
the aorta is ideal but can be very difficult to achieve; blind 
dissection may be necessary. The surgeon should run the 
fingers over the anterior spine until the space between 
the spine and aorta can be palpated; this space should be 
entered by blunt dissection with the surgeon’s fingers. 
The mediastinal pleura is opened just anterior and poste-
rior to the aorta at the site of intended occlusion. The jaws 
of the clamp are then passed through the created aper-
tures to securely grasp the aorta, as shown in Figure 25.4.

25.6  Complications of Cardiopulmonary 
Resuscitation

25.6.1  Standard Closed-Chest 
Cardiopulmonary Resuscitation

Most complications after closed-chest CPR are related to 
thoracic wall damage and include rib or sternal fractures 

FIGURE 25.3
Bimanual cardiac massage is performed via a left anterolateral thora-
cotomy. The fingertips must be kept flat on the cardiac surface to avoid 
iatrogenic cardiac penetration. Excessive traction on the heart should 
be avoided because it can result in obstruction of venous inflow.

FIGURE 25.2
In cases of cardiac tamponade, the pericardium is initially nicked 
with a scalpel anterior to the left phrenic nerve, as shown in the inset. 
The pericardiotomy is then extended vertically with scissors with 
care to avoid injury to the heart and phrenic nerve.

FIGURE 25.4
Aortic cross-clamping is carried out after the anterior retraction of 
the left lung and the penetration of the mediastinal pleura so that the 
jaws of the vascular clamp securely grip the aortic adventitia.
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and costochondral separation. These injuries can lead to 
more severe problems such as pneumothorax, hemotho-
rax, cardiac injury, and even aortic injury.

The thorax is not the only cavity at risk of damage 
from CPR. Compression of the liver against the xiphoid 
process can damage that organ [12]. In addition, gastric 
injury, splenic injury [13], or fat embolism may occur. It 
is important to remember that an endotracheal tube may 
become dislodged or malpositioned by closed-chest com-
pression. Thus, chest radiographs should be obtained as 
soon as possible after successful resuscitation. The true 
incidence of complications after CPR may not be accu-
rately estimated or known because the primary event 
that caused the cardiac arrest usually causes death.

Despite these potential complications, fibrinolytic use 
may benefit patients who have suffered a cardiac arrest sec-
ondary to a massive pulmonary embolism or acute myo-
cardial infarction [14,15]. In the absence of bleeding, CPR 
itself is not a contraindication to the use of lytic therapy 
and does not appear to cause an unacceptable risk [16,17].

25.6.2  Open-Chest Cardiac Massage 
and Thoracotomy

When an emergency thoracotomy is performed, techni-
cal complications can occur. Iatrogenic injuries to the 
lung, pericardium, heart, phrenic nerves, aorta, esopha-
gus, and chest wall have been described [10,18].

The standard approach for left anterolateral thoracot-
omy, as noted earlier, is through the fifth intercostal space 
below the nipple of male patients and in the inframam-
mary crease of female patients. Exposure can be limited 
if the skin incision is improperly placed or if the correct 
intercostal space is not entered. Bleeding from the chest 
wall, especially from the internal mammary vessels, can be 
troublesome, and these vessels should be ligated during 
the procedure. During attempts at occluding the descend-
ing thoracic aortic, damage to the aorta, the esophagus, 
or the intercostal branches of the aorta may occur [10,18].

Cardiac injuries can occur during open cardiac mas-
sage. Perforation of the right ventricle is a serious com-
plication and is usually caused by incorrectly applied 
cardiac compression. This lethal complication can be 
avoided if compression is performed with both hands 
and with the digits flat rather than curled. The right 
ventricle is particularly susceptible to injury because it 
is thinner than the left ventricle and is often distended 
as a result of fluid resuscitation [1]. If perforation occurs, 
it should be repaired with sutures buttressed with 
pledgets. As a temporary measure, skin staples can be 
applied to the perforation until a definitive repair can 
be performed. Under these circumstances, the right ven-
tricle is usually very friable and repair can be difficult.

Injury to surrounding structures and bleeding 
are the two most serious concerns after emergency 

thoracotomy. After successful resuscitation, the patient 
should be taken to the operating room for hemostasis, 
wound irrigation, and closure. Surprisingly, little is 
reported about the infection rate post emergency thora-
cotomy. Unpublished review of the authors’ own emer-
gency thoracotomy series has revealed wound infection, 
mediastinitis, and/or empyema rates of less than 1%.

The most serious complication of either closed-chest or 
open-chest CPR, of course, is failure to resuscitate. The 
rates of successful resuscitation vary depending on the 
cause of cardiac arrest but are, in general, poor. Survival 
from in-hospital cardiac arrest to discharge has been 
reported to be approximately 17%. During the past decade, 
there seems to have been a trend in improved survival 
rate followed by a decreased rate of neurologic disability 
in these patients. The reason for this is not completely 
understood but could possibly be contributed to the intro-
duction of rapid response teams. Future investigations are 
needed to further study the problem [19]. Investigations 
continue in an attempt to improve the outcome of CPR.

25.7  Management after Successful 
Cardiopulmonary Resuscitation

Once spontaneous circulation has resumed, the underly-
ing cause of arrest should be identified and treated and the 
adequacy of tissue perfusion should be assured and main-
tained. Cardiovascular and hemodynamic dysfunction 
are common after cardiac arrest; such dysfunction include 
hypovolemic shock, cardiogenic shock, and the systemic 
inflammatory response syndrome [7]. Invariably, some 
form of cardiovascular dysfunction is present, and nor-
mal cardiac function may not return for 12–24 h [7]. The 
primary goal of management after CPR is reestablishing 
global and regional perfusion of tissues. Traditional end 
points, such as restoration of blood pressure, may not 
adequately reflect peripheral organ perfusion. Regional 
tissue malperfusion may exist, particularly in the splanch-
nic bed, and this condition is believed to contribute to the 
multiple-organ dysfunction syndrome (MODS). Other 
measurements of end points of resuscitation such as 
lactate level, base deficit, and central venous saturation 
should be followed closely. Early goal-directed therapy 
protocols should be initiated immediately.

Bedside echocardiography can be utilized to assist in 
the evaluation and resuscitation of the cardiac arrest and 
post-resuscitation patient. The use of transthoracic echo-
cardiography in the ICU has gained wider acceptance. 
The Focused Assessed Transthoracic Echocardiography 
(FATE) protocol is one example. The FATE examination 
screens for volume status and contractility of the heart 
as well as any significant cardiac pathology [20].
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Neurologic impairment is common among survi-
vors of cardiac arrest; approximately 80% of patients 
remain comatose for various time periods [21]. As many 
as 40% of survivors enter a persistent vegetative state 
and 79% die within 1 year [22]. A recent retrospective 
review of patients sustaining in-hospital cardiac arrest 
revealed improvements in both survival and neuro-
logic outcomes. As mentioned earlier, this may be, in 
part, by the introduction of rapid response teams [19]. 
However, the overall poor outcome after cardiac arrest 
has prompted many physicians to attempt to develop 
a means of predicting outcome during the early post-
resuscitative phase. When coma lasts for more than 6 h 
after CPR, the prognosis for full neurologic recovery is 
poor. The prognosis worsens when the coma persists for 
more than 3 days; in such cases, patients rarely survive 
without severe neurologic disability [22].

As mentioned before, awakening after resuscitation 
for cardiac arrest generally occurs within 3 days and 
some degree of neurologic impairment will be present if 
the patient fails to do so. Furthermore, clinical findings 
that accurately predict poor outcome include myoclonus 
within the first 24 h, absence of pupillary response and 
corneal reflexes within 1–3 days, and absent or extensor 
motor response after 3 days [23]. It should be noted that 
most clinicians will have performed some type of imaging 
study such as a brain CT or MRI as well as a neurologic 
consultation in those patients that have not awoken within 
the first 24 h. Although no definitive time period within 
which further testing should be performed has been 
established, if a patient fails to awaken after cardiac arrest, 
further studies may be helpful in determining neurologic 
outcome. These tests include EEG, evoked/event-related 
potential (EP) studies (usually somatosensory-evoked 
potentials or SSEP), and serum neuron-specific enolase 
(NSE). In particular, EEG findings revealing suppression 
to ≤20 μV, burst suppression pattern with generalized 
epileptiform activity, or generalized periodic complexes 
on a flat background are strongly associated with a poor 
outcome [23]. Furthermore, bilateral absence of the N20 
component of the SSEP with median nerve stimulation 
performed 1–3 days or later after cardiac arrest accu-
rately predicts a poor outcome [23]. Finally, serum NSE, a 
marker of brain damage, can be used to predict neurologic 
outcome as well. Serum NSE levels >33 μg/L at days 1–3 
post-resuscitation accurately predict poor outcome [23].

These dismal neurologic outcomes prompted investi-
gators to evaluate therapies that might improve brain 
function post-resuscitation. Therapeutic hypothermia 
(the lowering of body temperature to 32°C–34°C for 
12–24 h) has been shown to improve neurologic outcome 
and survival after successful resuscitation of out-of-hos-
pital VF arrest [24]. Currently, the 2010 AHA Guidelines 
recommend therapeutic hypothermia for comatose 
adult patients who have suffered out-of-hospital VF 

cardiac arrest and it may be considered for comatose 
patients after in-hospital cardiac arrest of any initial 
rhythm or after out-of-hospital cardiac arrest with an 
initial rhythm of PEA or asystole [7].

25.8 Conclusion

The 2010 AHA Guidelines for CPR and ECC included 
significant updates from prior years. Ongoing research 
to evaluate the effects of some of these advances, hypo-
thermia to improve neurologic outcome and the use 
of lytic therapy during and after CPR, will determine 
whether patient outcomes post-resuscitation will be 
markedly improved.

The surgeon will continue to utilize emergency 
thoracotomy and open cardiac massage for the appropriate 
surgical patient. Further investigation of MID-CM will 
determine whether these devices will replace open resus-
citative thoracotomy and its associated complications.

Complications of CPR

Rib fractures 32%
Sternal fractures 21%
Anterior mediastinal hemorrhage 18%
Hemopericardium 8%
Cardiac or great vessel rupture 4%
Pneumothorax 3%
Hemothorax 1%
Liver injury 2%
Splenic injury <1%
Gastric rupture <1%
Tracheal injury <1%

Source: Corbett, S.W. and O’Callaghan, T., 
Ann. Emerg. Med., 29, 317, 1997; 
Krischer, J.P. et al., Chest, 92, 287, 1987.

Avoiding Complications from CPR

During performance of closed-chest compressions, fractures of 
the ribs and sternum may occur, leading to mediastinal 
hemorrhage and/or injury to the heart, great vessels, or lungs
Perform proper technique with appropriate hand positioning 
and depth of compressions

During management of the airway, gastric distension may result 
in emesis and aspiration and/or decreased ventilation by 
reducing lung volume from increased intraabdominal pressure
Proper head positioning and depth of rescue breathing
Minimize bag valve mask ventilation
Proper endotracheal intubation

Failure of CPR
Initiate CPR in a timely manner
Ensure proper technique
Adhere to ACLS protocol
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Lung resection is commonly performed for a number of diag-
noses including primary or metastatic lung malignancy 
or inflammatory lung disease. Chest wall resection is per-
formed for primary chest wall tumors, primary lung malig-
nancies with chest wall invasion, or chest wall infections. 
A clear understanding of common complications as well as 
the relevant anatomic relationships and physiology helps to 
prevent the occurrence of morbidity and mortality with these 
operations.

26.1 Pain

Any discussion of the complications of lung and chest 
wall resection has to begin with postoperative pain. 
Because the incisions for lung and chest wall resec-
tion necessarily involve the structures involved with 
respiratory mechanics, respiration is always adversely 
affected by lung and chest wall resection, resulting in 
conditions that increase the risk of the development of 
a wide variety of complications. Deep breathing elicits 
incisional pain, and patients may compensate by low-
ering tidal volumes, which in turn leads to atelectasis 
and increased work of breathing associated with tachy-
pnea. Atelectasis may lead to subtotal expansion of the 
lung within the thorax, which may result in a failure to 
achieve apposition of the visceral and parietal pleurae. 
As visceral-to-parietal pleural apposition is thought to 

be central to the resolution of air leaks after lung sur-
gery, the atelectasis resulting in subtotal lung expansion 
brought on by pain may lead to prolonged air leaks in 
patients recovering from lung resection. By a similar 
mechanism, pleural fluid may accumulate in a pleural 
space in which the lung is not fully expanded, leading 
to pleural effusions requiring additional procedures to 
evacuate or to empyema should infection be introduced 
into that effusion. Coughing after lung or chest wall 
surgery is important in terms of clearing the airways 
of secretions that result from intubation with airway 
trauma or secretions from regions of lung that have 
undergone resection. Failure to cough and clear secre-
tions may result in retention of bronchial secretions, 
leading to pneumonia or mucus plugging of the bron-
chus. Often patients will state that the only pain they 
experience in the postoperative period is associated 
with coughing, which may lead them to avoid cough-
ing [13]. Efforts at controlling postoperative pain must 
address the pain associated with cough so that patients 
will not avoid the maneuvers required to clear bron-
chial secretions.

Controlling post-thoracotomy pain and reducing the 
amount of systemic opioids used have been well stud-
ied via continuous intercostal blockade, paravertebral 
blockade, and epidural opioids, and/or anesthetics. For 
thoracotomies, thoracic epidural catheters have become 
commonplace as are the use of patient-controlled 
analgesia pumps (PCA) and intravenous ketorolac 
[14]. One-time intraoperative intercostal blockade may 
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reduce immediate postoperative pain; however, the 
effectiveness of continuous intercostal analgesia pumps, 
even with proper technique, appears inferior to epidural 
and other regional techniques [15]. Aggressive periop-
erative and postoperative pain management is impera-
tive in reducing morbidity in post-thoracotomy patients 
and appears to be best accomplished with use of an epi-
dural anesthetic and covering breakthrough pain with 
patient-controlled anesthesia [16].

For thoracoscopic operations, pain is significantly 
reduced as compared to thoracotomy due to the fact 
that major muscles of the chest wall are spared and no 
rib spreading is employed [17]. Thoracoscopy has also 
been associated with a significant reduction in analgesic 
requirements during the postoperative period [18]. As 
a result, the use of epidural catheters for thoracoscopic 
lung resection may not be as important for pain control 
and may in fact slow down key postoperative clinical 
endpoints such as bladder catheter removal, return of 
bowel function, and discharge. For thoracoscopy, oral 
narcotic analgesics in association with intravenous 
ketorolac where appropriate may suffice for pain control; 
PCA may be introduced, if pain scores are higher [14].

26.2 Bleeding

Bleeding that occurs with lung or chest wall resection 
originates from three broad categories of sources: pul-
monary hilar vasculature (pulmonary artery or vein); 
arterial sources from the chest wall or mediastinum 
(intercostal, bronchial, or lymphatic associated arteries); 
and pulmonary parenchyma.

Bleeding that originates from the pulmonary artery 
or vein can be massive and immediately life threaten-
ing. Even when bleeding from these vessels is relatively 
low volume, it may still be enough to obscure dissec-
tion planes within the operative field and prevent 
forward progress of an operation. When performing 
major lung resection, most practitioners individually 
ligate and divide the artery and vein to the portion 
of lung to be resected; great care must be exercised in 
dissecting these structures because even small tears 
to major pulmonary arteries or veins may result in 
major hemorrhage. Furthermore, because the pulmo-
nary artery and vein may be relatively thin-walled 
vessels, attempts at repair may extend the injury if 
the tissues of the vessel are too thin to hold suture. 
Because the intravascular pressure in the pulmonary 
artery and vein is relatively low compared to systemic 
arterial pressure, simple tamponade of a bleeding site 
on one of these vessels, with, for example, a sponge 
on a ringed grasper, may suffice and should often be 

the first maneuver undertaken to try to achieve hemo-
stasis [19]. Often this maneuver alone will allow the 
bleeding to be at least temporarily controlled so that 
lung resection can proceed; when the resection is 
completed, the surgeon can then go back and look 
for sites of pulmonary venous or arterial injury that 
may require additional suture repair. Suture repair 
of the pulmonary artery or vein can usually be per-
formed with 4–0 or 5–0 monofilament polypropylene 
suture ligatures for focal sites of bleeding or injury. If 
bleeding is massive and prolonged hemostasis cannot 
be achieved with sponge stick tamponade or suture 
repair, clamping of the proximal pulmonary artery 
and pulmonary veins can be performed to temporar-
ily interrupt all blood flow to the lung so that the hilar 
vessels can be examined for sites of injury and repair 
can be performed. In these situations, bleeding is con-
trolled with compression of the right or left pulmonary 
artery with a sponge stick until a vascular clamp can 
be placed around the entire hilum or the proximal pul-
monary artery can be dissected free and individually 
clamped. When clamping of the left pulmonary artery 
is required, the clamp is usually placed in the region of 
the aortopulmonary window and care to avoid injury 
to the recurrent laryngeal nerve must be exercised. 
The proximal extent of the right pulmonary artery 
may be accessed by entering the pericardium medially 
to the superior vena cava and performing circumferen-
tial dissection of the right pulmonary artery just medi-
ally to where it passes posterior to the superior vena 
cava. Vascular control of the pulmonary vessels can 
be achieved with clamps or vessel loops. Injury to and 
bleeding from the pulmonary artery is particularly an 
issue when performing upper lobe resection because 
the arterial branches to the upper lobes emanate from 
the proximal pulmonary artery and irreparable injury 
to the artery in this location may mandate pneumo-
nectomy to achieve hemostasis. The risk of bleeding 
from the pulmonary vessels is generally confined to 
the intraoperative period and is not a common cause 
of bleeding in the postoperative period.

Bleeding in the postoperative period that requires 
reoperation usually originates from systemic arteries 
in the chest wall or mediastinum such as intercos-
tal, bronchial, or lymphatic-associated mediastinal 
arteries. These arteries are relatively small and may 
not accumulate significant hemothorax until several 
hours into the postoperative period. Meticulous atten-
tion to achieving hemostasis in these vessels should 
be exercised prior to closure of thoracotomy or tho-
racoscopy incisions as bleeding is the most common 
indication for rethoracotomy [20]. Consideration must 
be given to the relatively hypotensive and hypo-
thermic anesthetized patient. Arteries may undergo 
temporary vasospasm in the operating room and 
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manifest little to no bleeding only to undergo vaso-
dilation in the normothermic and normo- or hyper-
tensive patient, leading to occult hemorrhage in the 
postoperative patient. In particular, areas of dense 
pleural adhesions or where a tumor may be in con-
tact or even frankly invading the chest wall are likely 
culprits of intercostal arterial bleeding. Systemic col-
laterals from intercostal arteries may develop in dense 
pleural adhesions, leading to hemorrhage when these 
adhesions are divided. In the current era, the bron-
chus is divided during lobectomy or pneumonectomy 
using surgical staplers in which case bronchial arter-
ies are effectively ligated; however, careful examina-
tion of the bronchus to assure hemostasis is important 
to avoid bleeding that necessitates returning to the 
operating room in the postoperative period. Similarly, 
during the lymphadenectomy portion of the operation 
that accompanies major lung resection for lung can-
cer, mediastinal arteries associated with lymph node 
basins may be disrupted, leading to high sanguinous 
chest tube output or slow but steady accumulation of 
hemothorax. A high index of suspicion must be main-
tained for systemic arterial bleeding because it may 
be delayed in its presentation; any excessive bleeding 
from the chest tubes placed during surgery for lung 
or chest wall resection should be followed by plain 
films of the chest to rule out hemothorax, the presence 
of which mandates a return to the operating room 
for hemothorax evacuation and control of bleeding 
sources. Frankly sanguinous output from chest tubes 
in excess of 100 cc/h in the first few hours after sur-
gery should prompt serious consideration of imme-
diate reoperation. Operative reexploration can occur 
either via thoracoscopy or thoracotomy regardless of 
the operative approach of the primary surgery and 
depends upon the stability of the patient; hypotensive 
or hypoxic patients are less likely to be amenable to 
a thoracoscopic approach given the requirement for 
more meticulous lung isolation.

Bleeding from the lung parenchyma after wedge 
resection or enucleation of lung nodules is usually 
self-limited due to the low pressure of the pulmonary 
arterial system and small caliber of the vessels in the 
periphery of the lung. Exceptions include patients 
with pulmonary hypertension due to progressive 
cardiopulmonary disease or coagulopathic patients. 
In general, small bleeders from the lung parenchyma 
may undergo coagulation with electrocautery or clip 
ligation. For more extensive bleeding from lung paren-
chyma, consideration should be given to topical hemo-
static agents, bovine pericardium-reinforced staple 
lines, or pledgeted suture ligation of bleeding sites. 
Only in extreme cases would anatomic pulmonary 
resection be required to control lung parenchymal 
bleeding.

26.3 Infection

Two infectious complications are particularly associ-
ated with lung or chest wall resection: pneumonia and 
empyema.

Infectious bacteria that are the source of pneumo-
nia in patients who have recently undergone lung or 
chest wall resection are most likely to be nosocomial 
organisms introduced into the airway during endotra-
cheal intubation for the delivery of general anesthesia/
lung isolation or organisms associated with aspiration. 
Meticulous attention to maintaining antiseptic airway 
conditions must be adhered to at all phases of the care 
of patients undergoing lung resection; if bronchoscopy 
is to be performed at the start of an operation to assess 
the extent of resectability of a lung mass or for primary 
diagnosis of endobronchial pathology, endoscopists 
should adhere to accepted hand hygiene practices, wear 
gloves when handling the bronchoscope, and prevent 
the bronchoscope from coming into contact with poten-
tially contaminated surfaces such as the patient’s hair 
or skin.

In the postoperative period, particularly after major 
lung resection, endobronchial secretions may be 
increased due to inspissated secretions due the pres-
ence of an endotracheal tube during surgery, bloody 
secretions from airway injury from the endotracheal 
tube or from bronchial or parenchymal surgical staple 
lines, or bronchorrhea associated with recent smoking 
cessation. Patients should be encouraged to participate 
in incentive spirometry and coughing to encourage the 
clearing of these secretions, which otherwise may, if not 
cleared, come to harbor infection. In particular, patients 
with advanced emphysema as evidenced by a decreased 
forced expiratory volume in 1 s may be at higher risk 
for pneumonia due to their diminished ability to gen-
erate a forceful cough to clear secretions. If patients 
have demonstrated responsiveness to bronchodilators 
on their preoperative pulmonary function tests, bron-
chodilators may be used in the postoperative period to 
improve lower airway patency and forced expiratory 
capacity. Chest percussive physiotherapy can be used 
to aid in the clearing of secretions but its use may be 
limited by thoracic incisional pain. When performed by 
specialized therapists, chest physiotherapy may reduce 
the rates of pulmonary morbidity from 15.5% to 4.7% 
[21]. Positive expiratory pressure therapy devices may 
also be considered.

A common presentation of pneumonia in the post-
operative period is increasing oxygen requirements or 
decreased mental status in a patient on the first to third 
postoperative day after major lung resection; fever may 
or may not be present. These clinical findings should 
prompt immediate physical exam assessment of the 
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patient along with plain radiographs of the chest and 
serologic tests, including complete blood cell count and 
arterial blood gas as well as consideration of transfer of 
the patient to an intensive care unit. Broad-spectrum 
antibiotics are initiated if the patient’s white blood cell 
count is elevated, even in the absence of clear sputum 
culture evidence of pneumonia, as the early institu-
tion of antibiotics in these patients may be life-saving. 
Arterial blood gas will commonly show elevated arte-
rial carbon dioxide partial pressure. If indicated, a 
computed tomography scan of the chest is obtained, if 
possible with intravenous contrast to rule out the pres-
ence of pulmonary embolism; this study may also con-
firm the presence of pneumonia. Noninvasive bilevel 
positive airway pressure delivered by occlusive mask 
may be instituted to assist in ventilation in patients with 
respiratory acidosis; invasive mechanical ventilation 
is reserved for patients unable to maintain adequate 
oxygenation or ventilation by noninvasive means, in 
patients who require bronchoscopy, or for airway pro-
tection in obtunded patients. If pneumonia after lung 
or chest wall resection is recognized early with early 
initiation of broad-spectrum antibiotics, patients with 
this condition may demonstrate significant clinical 
improvement within 24–48 h; however, vigilance should 
be maintained for the possibility of a longer and more 
complicated postoperative course.

In the past, patients undergoing major lung resec-
tion were maintained with endotracheal intubation on 
mechanical ventilation for several days in the postop-
erative period to facilitate frequent bronchoscopy with 
aspiration of endobronchial secretions. This practice has 
been largely abandoned due to the increased risk of nos-
ocomial pneumonia with prolonged endotracheal intu-
bation and due to the observation that with appropriate 
encouragement patients are better at clearing their own 
secretions. Furthermore, length of stay is shortened and 
overall recovery is accelerated by early extubation of 
these patients in the operating room at the termination 
of the operation.

Empyema can occur after any surgery that involves 
exposure of the pleural space; however, it occurs rela-
tively uncommonly in cases of lung or chest wall resec-
tion where the lung is fully expanded within the thorax 
because the rich blood supply of the lung provides a 
robust immune presence within the pleura. Empyema 
tends to occur after lung or chest wall resection in cases 
where the lung is not fully expanded in the hemitho-
rax due either to a large lung parenchymal or bronchial 
air leak or due to the development of pneumonia [22]. 
With respect to air leak from the lung parenchyma 
after lung resection, considerable data has shown that 
thoracostomy tubes placed at the time of surgery that 
are maintained to suction tend to promote the persis-
tence of air leaks while changing from suction to “water 

seal” promotes closure of air leaks. However, remov-
ing thoracostomy tubes from suction necessitates that 
the patient take an active role in the evacuation of air 
from the pleural space through active lung expansion as 
encouraged by compliance with incentive spirometry, 
getting out of bed to chair to sit upright, ambulating 
in the halls, etc. With tubes off suction, if the air leak 
from the lung parenchyma is greater in magnitude than 
the patient can expel actively, air will accumulate in the 
pleural space, leading to lung collapse, which may be 
relatively irreversible due to adhesion-forming fibrin-
ous material in the pleural space; this may trap the 
lung in a collapsed configuration. Factors that hinder 
patients from actively evacuating air from the pleural 
space include poor lung function and poor pain control. 
The development of empyema and lung collapse may 
be associated with a number of signs and symptoms 
but the most obvious are fever, increasing supplemental 
oxygen requirements, and decreased breath sounds in 
the involved hemithorax. In the case of empyema asso-
ciated with prolonged thoracostomy tube therapy and 
lung collapse, the introduction of pathogenic bacteria 
into the pleural space may occur via the thoracostomy 
tube. In the case of pneumonia-associated empyema 
after lung or chest wall resection, pathogenic bacteria 
enter the pleural space via the lung. The risk factors for 
the development of pneumonia have been previously 
described above. Usually, a return trip to the operating 
room for decortication is required to treat postopera-
tive empyema; this can be performed either via thora-
coscopy [23] or thoracotomy, regardless of the surgical 
approach of the primary operation.

26.4 Prolonged Air Leak

The definition of prolonged air leak after lung resec-
tion is leakage of air from a chest tube for greater than 
5 days after surgery. Leakage of air from a lung that has 
undergone major pulmonary resection may arise from 
two sources: the bronchus, in which case the air leak is 
referred to as bronchopleural fistula; or the peripheral 
alveolar spaces of the lung parenchyma, in which case 
the air leak is referred to as alveolar pleural fistula.

The risk of bronchopleural fistula with peripheral 
lung wedge resection is essentially nil. With the advent 
of surgical staplers, the risk of bronchopleural fistula 
complicating the typical lobectomy or segmentectomy 
for lung cancer should be less than 1%; this number is 
higher if the lobectomy is being performed for inflam-
matory or infectious disease of the lung in an infected 
pleural space or if the patient has undergone previous 
radiation to the hilum. Bronchopleural fistula occurs 
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more commonly with pneumonectomy in which setting 
the incidence may be as high as 2% [24]. A hallmark of 
bronchial stump management during pneumonectomy 
to prevent the development of bronchopleural fistula is 
division of the mainstem bronchus flush with the carina 
as undue length of the bronchial stump leads to stump 
ischemia and pooled secretions predisposing to fistu-
lization. If pneumonectomy is being carried out in an 
infected field with a high suspicion of risk of broncho-
pleural fistula formation, the bronchial stump can be 
bolstered by the use of muscle flaps (intercostal, latis-
simus, etc.) or an omental flap to promote its integrity 
[7,22,24]. Bronchopleural fistula after pneumonectomy 
presents with very distinctive signs and symptoms: 
increasing air in the pleural space noted on chest radio-
graphs; and productive cough made worse by lying on 
the side opposite the pneumonectomy. The patient may 
also present with fever due to a contaminated pleural 
space on the side of the pneumonectomy or the develop-
ment of pneumonia resulting from contaminated pleu-
ral fluid passing into the remaining lung through the 
fistula. When bronchopleural fistula arises after pneu-
monectomy, the first steps in treatment are to relieve 
infection under pressure in the evacuated pleural space 
and prevent ongoing sepsis of the remaining lung [7]. 
Broad-spectrum antibiotics are initiated and while ini-
tial treatment of the pleural space with thoracostomy 
tube placement may be attempted, ultimately the perfor-
mance of an Eloesser flap will be necessary with daily 
dressing changes directly to the pleural space. Packing 
the pleural space with daily dressing changes rids the 
pleural space of infection and also helps to minimize 
the air leak that results from bronchopleural fistula. 
Computed tomography scanning of the chest as well 
as bronchoscopy is performed to characterize the fis-
tula and formulate a plan for surgical repair. Repair of a 
bronchopleural fistula generally consists of reclosure of 
the bronchial defect flush with the carina; this may be 
performed via sternotomy as the bronchus may be diffi-
cult to access through the pleural space due to extensive 
inflammation and scarring. Bronchial reclosure can also 
be reinforced as noted previously with muscle or omen-
tal flaps. Once bronchial closure is felt to have been suc-
cessful over a period of several weeks and as long as 
the pleural space remains relatively aseptic with daily 
dressing changes, the Eloesser flap may be closed after 
filling the pleural space with antibiotic-containing irri-
gation fluid (modified Claggett procedure).

Alveolar pleural fistula may occur after a wide vari-
ety of lung resection operations, including lung volume 
reduction for emphysema, resection of emphysematous 
blebs, segmentectomy or lobectomy for lung cancer or 
benign disease, or even simple wedge resection or decor-
tication in patients with advanced pulmonary emphy-
sema or immunosuppression. All post lung resection 

patients have thoracostomy tubes in place after surgery 
and alveolar pleural fistula manifests as an air leak, 
which may be further described as continuous, inspira-
tory, expiratory, or forced expiratory. Air leaks may also 
manifest as subcutaneous emphysema, which results 
from the dissection of inspired air into the subcutane-
ous tissues of the trunk, head, and extremities through 
surgical breeches in the parietal pleura. Subcutaneous 
emphysema is not a life-threatening condition even 
when massive; however; it can be very disquieting to 
patients, causing anxiety and severe discomfort.

Studies have demonstrated that alveolar pleural fis-
tula closure is promoted in the postoperative period by 
removing thoracostomy tubes from suction and placing 
them to “water seal” only [25]. If alveolar pleural fistula 
persists despite this maneuver, chest tubes can be placed 
to a Heimlich valve and if appropriate, the patient can be 
discharged. Alternatively, chemical pleurodesis can be 
performed at the bedside. For patients who are unable to 
be compliant with home chest tube management or for 
whom extensive subcutaneous emphysema is causing 
discomfort and/or morbidity, a return to the operating 
room may be indicated either via thoracotomy or tho-
racoscopy for lysis of adhesions, assurance of complete 
lung expansion, and creation of a parietal pleural tent to 
promote air leak closure; aerostatic tissue sealants may 
also be employed to this end.

26.5 Damage to Adjacent Structures

Several intrathoracic nervous structures bear mention-
ing as being at risk to injury during lung or chest wall 
resection: the phrenic nerve, left recurrent laryngeal 
nerve, and intercostal nerves.

The phrenic nerve is at greatest risk of injury dur-
ing dissection of hilar structures during major lung 
resection. On the right, the phrenic nerve runs very 
close to hilar structures. To avoid injury to the phrenic 
nerve on the right side, blunt dissection is performed 
to exclude the nerve from the operative site prior to 
more involved dissection of hilar structures; dissection 
of hilar structures often involves sharp dissection with 
cautery and efforts to distance this dissection from 
the phrenic nerve may decrease the chance of injury. 
On the left, the phrenic nerve tends to be more ante-
rior with respect to the hilar structures, so sharp dis-
section in the left hilum is met with less risk of injury. 
However, on the left side, dissection of aortopulmo-
nary lymph nodes in conjunction with lobectomy for 
lung cancer may bring the phrenic nerve into greater 
risk of injury as the phrenic nerve runs very close to 
this lymph node station. The phrenic nerve may also 
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be at risk of injury during lysis of pleural adhesions, 
which may be present in smokers or other patients 
with chronic lung disease undergoing lung resection. 
Great care must be exercised dividing adhesions in the 
region of the upper mediastinum in proximity to the 
superior vena cava on the right and superior mediasti-
num on the left and in the medial lower mediastinum 
in proximity to the diaphragm bilaterally as visual-
ization of the nerve may be significantly impaired by 
pleural symphysis. Injury to the phrenic nerve results 
in ipsilateral diaphragmatic paralysis, which produces 
two physiologic effects: first, the normal contraction of 
the diaphragm that promotes lung expansion during 
inspiration is lost; second, paradoxical elevation of the 
paralyzed diaphragm during inspiration caused by a 
pressure wave from the contraction of the contralateral 
diaphragm transmitted through intra-abdominal con-
tents causes restriction of the lung on the side of the 
injury at the moment of inspiration, leading to signifi-
cant dyspnea. Diaphragmatic paralysis manifests as 
dyspnea, which generally prompts plain film imaging 
of the chest, demonstrating diaphragmatic elevation. 
Paradoxical diaphragmatic elevation on rapid inspira-
tion as visualized on chest fluoroscopy (“sniff” test) is 
confirmatory [26]. Diaphragmatic plication performed 
via thoracoscopy or thoracotomy generally provides 
significant symptomatic relief of dyspnea [26,27].

The right recurrent laryngeal nerve is beyond risk of 
damage by chest surgeons but the left recurrent nerve 
is directly in harm’s way. As a branch of the left vagus 
nerve, the left recurrent nerve travels on the lateral 
aspect of the mediastinum, then separates from the 
vagus and curls under the aortic arch at roughly the 
level of the aortopulmonary window, at which point 
it travels along the trachea to innervate the intrinsic 
muscles of the larynx responsible for movement of the 
left vocal cord. The recurrent nerve is most directly at 
risk during dissection of aortopulmonary lymph nodes 
during the lymphadenectomy portion of lung resec-
tion for lung cancer. Injury to the left recurrent nerve 
results in left vocal cord paralysis. Hoarseness is usu-
ally the most immediate and obvious manifestation of 
left vocal cord paralysis but other sequelae may carry 
more clinical importance. First, apposition of the vocal 
cords is an important protective mechanism against 
aspiration; the inability of the vocal cords to close pre-
disposes patients to aspiration pneumonia, which can 
be fatal in the postoperative period from major lung 
resection. Second, apposition of the vocal cords is an 
important mechanism for generating the high intra-
thoracic pressures associated with forceful cough; 
patients without functional vocal cords may experi-
ence impaired cough leading to a compromised ability 
to clear endobronchial secretions and a subsequently 
higher risk of developing pneumonia. Vocal cord 

paralysis may be treated with a high degree of success 
by vocal cord medialization via paraglottic injection.

26.6 Chylothorax

Chylothorax is a relatively uncommon complication of 
lung resection as the thoracic duct is protected from 
injury in the absence of retroesophageal dissection. 
When chylothorax does occur in the setting of lung 
resection, it is most often associated with the lymph 
node dissection for staging that accompanies lobectomy 
for lung cancer. The removal of lymph nodes from the 
subcarinal or paratracheal stations may result in the 
disruption of large lymphatics that may result in high-
volume chylous leakage into the pleural space. Pursuit 
of the diagnosis of chylothorax classically is initiated 
by the presence of milky white drainage from a pleural 
catheter; however, in the first few days after lung resec-
tion complicated by chylothorax, the chest tube efflu-
ent may be serous. In the first few days after surgery, 
patients’ oral intake may be limited due to poor appetite, 
in which case lipid transit through the intestinal lym-
phatics may be low, leading to a low lipid-containing 
chyle that appears serous. Early indication, then, of the 
presence of chylothorax may be a high-volume serous 
chest tube output. After the patient resumes more regu-
lar dietary patterns the milky, lipid-laden chylous effu-
sion presents. Daily chest tube outputs greater than 1 L 
are commonplace. Lipid analysis of the pleural effusion 
can often make the diagnosis of chylothorax with a tri-
glyceride level greater than 110 mg/dL or presence of 
chylomicrons confirmatory [28,29]. Prolonged chylotho-
rax can result in severe malnutrition due to the loss of 
ingested lipids as well as immunosuppression due to 
the loss of lymphocytes and prompt intervention is indi-
cated. In general, for postsurgical chylothorax, the treat-
ment approach is surgical. Exploration of the affected 
hemithorax is undertaken either via thoracotomy or tho-
racoscopy in an attempt to identify the source of chylous 
leak; ligation of the leak source is performed with surgi-
cal clips or suture ligatures [30]. Heavy cream or olive 
oil may be administered to the patient either orally or by 
oroenteral feeding tube in an effort to increase chylous 
flow and thereby render the chylous fluid more milky 
in an attempt to improve the chances of identifying 
the source of leak. If the patient is not clinically able to 
undergo re-exploration surgery for lymphatic ligation, 
an attempt at conservative management with nothing 
by mouth, no enteral feeding, and total parenteral nutri-
tion may be attempted. This may be supplemented by 
pleurodesis with talc or other sclerosant agents through 
the chest tube.
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26.7 Cardiac Complications

The two most common cardiac complications after lung 
or chest wall resection are atrial fibrillation (AF) and 
myocardial infarction. After pneumonectomy, special 
consideration must be given to the possibility of cardiac 
herniation.

Supraventricular arrhythmias, in particular AF, are 
the most common arrhythmias after major lung resec-
tion [31]. The risk of atrial arrhythmia after major 
lung resection is approximately 20% [1,11]. The risk of 
atrial arrhythmia may be lower when a thoracoscopic 
approach is employed compared to thoracotomy; how-
ever, this may in part be due to underreporting as 
patients are often discharged after thoracoscopic pro-
cedures within the 3–4 day initial postoperative win-
dow when the development of AF is most common and 
atrial arrhythmias in this population may be clinically 
silent. The etiology of AF after major lung resection 
is not entirely clear and is likely multifactorial. In the 
absence of an antecedent history of atrial arrhythmias, 
AF in this patient population is generally short lived 
and usually can be resolved prior to discharge. In a 
meta-analysis of 11 randomized controlled studies of 
AF prophylaxis, Sedrakyan and colleagues showed that 
calcium-channel blockers and beta-blockers are effec-
tive in reducing postoperative atrial tachyarrhythmia 
[32]. Treatment is aimed at hemodynamic support when 
necessary, rate control, and cardioversion. Regarding 
treatment of postoperative AF, the Class I recommenda-
tion for patients with hemodynamically unstable post-
operative AF is electrical cardioversion. Patients who 
are hemodynamically stable but with symptomatically 
intolerable AF should be chemically cardioverted, with 
electrical cardioversion if chemical cardioversion fails 
[33]. Patients who are hemodynamically stable and have 
symptomatically acceptable postoperative AF should 
receive a trial of rate control lasting approximately 24 h 
[33]. While long-term amiodarone therapy may result in 
pulmonary toxicity, this does not represent a contrain-
dication to its short-term use after major lung resection, 
including discharge home on oral amiodarone, if neces-
sary [34].

While smoking is a common risk factor to the devel-
opment of lung cancer and coronary artery disease, the 
risk of myocardial infarction after major lung resection 
is not greater than for abdominal or vascular surgery. 
Some controversy exists about the value of an extensive 
work up for coronary artery disease prior to lung resec-
tion; cardiology studies including coronary angiography 
and possible intervention on critical coronary lesions 
may not prevent postoperative myocardial infarction 
but may often delay curative resection for a known lung 
cancer. The single most useful cardiac study in patients 

being selected for lung or chest wall resection is echo-
cardiography as it assesses global cardiac function, can 
identify local wall motion abnormalities indicative of 
prior myocardial infarction, and may be useful in iden-
tifying the presence of pulmonary hypertension.

Cardiac herniation is an uncommon complication of 
pneumonectomy, but certain steps must be followed at 
the time of surgery to prevent its occurrence. The bal-
anced inflation of two lungs within the thoracic cavity 
serves to maintain a midline position of the heart. When 
a lung is surgically removed, that balance is upset and 
there is a tendency for the heart to be displaced into the 
evacuated hemithorax. This displacement necessarily 
occurs over the course of months to years after pneumo-
nectomy in a process of slow anatomic accommodation, 
but as it occurs gradually, no physiologic derangement 
ensues. However, if cardiac herniation occurs acutely, 
it results in kinking of the great vessels and impaired 
venous return to the heart, which presents as tension 
pneumothorax physiology and can be rapidly fatal. The 
situation may be exacerbated by the need to enter the 
pericardium to perform the pneumonectomy as may be 
required if the tissue planes of the intrapleural extent 
of the hilar structures are obscured by tumor, scar-
ring, or inflammatory changes; the pericardial defect 
that results may serve as a portal through which the 
heart may rapidly herniate into the evacuated hemi-
thorax. For this reason, pericardial defects created dur-
ing pneumonectomy must be closed either primarily if 
possible or with the use of prosthetic mesh for larger 
defects [35,36]. The mesh must be porous or fenestrated 
to allow for the passage of pericardial fluid and/or 
blood into the evacuated hemithorax to avoid the risk 
of pericardial tamponade. Chest tubes may be used in 
the immediate postoperative period after pneumonec-
tomy to drain the evacuated hemithorax, but great care 
must be taken to assure these cannot be placed to suc-
tion as this will exacerbate mediastinal and cardiac shift 
even in the absence of a pericardial defect. Nursing care 
must be carefully counseled about this risk, and some 
surgeons will also modify the chest tube effluent col-
lection apparatus to assure that it cannot be placed to 
suction. The advantage to the use of chest tube drainage 
is that hemorrhage that occurs on the side of the pneu-
monectomy can be quickly recognized by high-volume 
sanguinous chest tube output. Alternatively, a chest-
tube-free approach to the postpneumonectomy patient 
can be adopted. If this approach is adopted, after closure 
of the chest incision, air is insufflated into the evacu-
ated hemithorax to encourage the heart and mediastinal 
structures to be maintained in a midline position; this 
is aided by chest radiography to verify the position of 
the heart with additional air insufflation added as nec-
essary. The advantage to this approach is that there is no 
chance of inducing tension physiology by a chest tube 
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being inadvertently placed to suction. The downside 
is that hemorrhage is more difficult to identify in the 
early postoperative period; serial chest radiographs and 
serum hematocrit determination must be obtained to 
identify hemorrhage if this strategy is adopted.

26.8 Lobar Torsion

After lobectomy, the hemithorax on the side of resection 
contains free space that was previously occupied by the 
resected lobe. As a result, the remaining lobe or lobes 
have more freedom of motion and may rotate on their 
bronchovascular pedicles, resulting in a phenomenon 
known as lobar torsion. The incidence of lobar torsion has 
been reported to be 0.2% in the population of all patients 
undergoing intrathoracic surgery and carries with it 
a mortality rate of 22% [30,31]. Torsion of the lobe with 
respect to its bronchovascular pedicle results primarily 
in impaired clearance of bronchial secretions and pul-
monary venous return, leading to marked pulmonary 
congestion and pneumonia. The most common lobe to 
experience torsion is the middle lobe after right upper lobe 
resection. The minor fissure on the right side is generally 
incomplete, that is, the middle lobe is generally fused to 
the upper lobe at the minor fissure, while the oblique fis-
sure, which represents the interface between the middle 
and lower lobes, is generally complete, that is, the middle 
lobe is generally anatomically completely separated from 
the lower lobe. Therefore, when the right upper lobe is 
resected, the middle lobe finds itself relatively untethered 
in a partially evacuated right hemithorax; these factors 
underlie the proclivity of the middle lobe to undergo tor-
sion after upper lobe resection. To prevent middle lobe 
torsion after right upper lobe resection, a pexy of the mid-
dle lobe to the lower lobe is performed with a surgical sta-
pler, or alternatively with suture material. This effectively 
bonds the middle lobe to the lower lobe at their major 
fissure contact point to reduce the degrees of freedom of 
movement afforded the middle lobe.

Clinical signs and symptoms of pulmonary torsion 
are not subtle and include fever and productive cough or 
hemoptysis. Plain films of the chest demonstrate lobar 
consolidation, which in the current era should mandate 
prompt contrast-enhanced CT of the chest, which con-
firms the diagnosis based on impaired contrast uptake 
and atelectasis in the involved lobe. The radiographic 
hallmark of lobar torsion is lobar engorgement/enlarge-
ment due to impaired pulmonary venous return.

Lobar torsion represents a surgical emergency and 
immediate re-exploration via thoracotomy or thoracos-
copy is mandated for lobectomy of the compromised 
lobe [37]. While lobar salvage by detorsion of the lobe 

has been advocated, the risk of ischemia–reperfusion 
injury to the involved lobe after detorsion generally pro-
hibits this approach.

26.9 Chest Wall Defects

The most common indications for chest wall resection 
include lung or breast cancer with chest wall inva-
sion, chest wall sarcomas, severe pectus deformities, 
radiation necrosis of the chest wall, or infection. Chest 
wall defects involving the loss of two or more ribs or 
that are 5 cm or greater in diameter require structural 
reconstruction; failure to reconstruct results in exposed 
vital structures and lung herniation with compromised 
respiratory mechanics [38]. Defects located deep in the 
scapula may not require reconstruction as lung her-
niation is prevented by scapular coverage. However, in 
cases involving a chest wall defect in proximity to the tip 
of the scapula, reconstruction may be required to avoid 
scapular tip entrapment [38]. A wide variety of syn-
thetic mesh materials may be employed for chest wall 
reconstruction including polytetrafluoroethylene mesh 
(Gore Tex), prolene mesh, Vicryl mesh, Marlex mesh, 
or methyl methacrylate (usually sandwiched between 
two layers of mesh). Biomaterials including bovine peri-
cardium and polylactic acid bars have been employed 
for chest wall reconstruction and may be preferable in 
infected defects due to the fact that they are remodeled 
or absorbed over time making them less likely to harbor 
infection [39]. Additionally, a wide variety of muscle or 
myocutaneous flaps have been described for the cover-
age of chest wall defects including latissimus dorsi, pec-
toralis major, and rectus abdominus.

26.10 Conclusion

Lung and chest wall resections can be performed safely 
for a number of diagnoses. A clear understanding of the 
potential complications along with the means to avoid 
or mitigate them may minimize morbidity and mortal-
ity with these operations.

Incidence of Complications Following 
Pulmonary and Chest Wall Resection

Complications Incidence (%)

Bleeding requiring transfusion 9.5 [1]
Pneumonia 4.2–25 [1–6]
Empyema 0.4–5.0 [1,2,7]
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Complications Incidence (%)

Prolonged air leak 4.0–5.6 [5,8]
Chylothorax 1.0–3.8 [9,10]
Myocardial infarction 0.4–1.0 [1,5,11]
Atrial arrhythmia 12.6–19.9 [1,11]
Lobar torsion 0.1 [12]

Prevention and Treatment of Common Complications 
Following Pulmonary and Chest Wall Resection

Complications Prevention

Bleeding requiring 
transfusion

Meticulous attention to hemostasis
Sponge stick tamponade of pulmonary 
artery bleeding

Pneumonia Encourage pulmonary toilet
Early extubation
Early ambulation

Alveolar pleural fistula Pleural tent
Aerostatic tissue sealants
Chest tubes to water seal

Bronchopleural fistula Reoperation for repair
Muscle flap or omental reinforcement of 
the bronchial stump

Lobar torsion Stapled/sutured lobar pexy
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Optimal management of conditions affecting the esophagus 
challenges even the most experienced surgeon. The esophagus 
is subject to the same complications that affect other portions 
of the gastrointestinal (GI) tract (obstruction, anastomotic 
leak, perforation, and stricture). Several unique features of the 
esophagus contribute to the higher morbidity and mortality 
rates associated with esophageal trauma and surgery. These 
complications are not only more devastating but also are more 

difficult to diagnose early and treat. Meticulous technique and 
careful attention to detail must be applied during esophageal 
surgery, in order to avoid the devastating physiologic conse-
quences from postoperative complications. This chapter will 
review the anatomy and physiology of the esophagus and 
describe some of the more common complications after esopha-
geal surgery and trauma.
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27.1  Anatomy and Physiology 
of the Esophagus

The esophagus is a muscular tube 25 cm in length that 
extends from the cricoid cartilage to the stomach. The 
esophagus extends approximately 40 cm from the inci-
sors to the gastric cardia. The esophagus makes three 
minor deviations from the midline as it descends from 
the neck, through the posterior mediastinum, and into 
the abdomen. In the neck, it courses to the left of the 
midline; at the level of the seventh thoracic vertebra, 
it deviates to the right; and finally, just above the dia-
phragm, it again deviates to the left.

The esophagus also narrows in three areas, and inju-
ries caused by foreign bodies, caustic burns, strictures, 
iatrogenic perforations, and cancer usually occur at one 
of these three sites. The first of these is the cricopharyn-
geal sphincter; it is also the narrowest portion of the 
GI tract, which is found at the origin of the esophagus 
(15 cm from the incisors) and at the level of the sixth 
cervical vertebra, just above the thoracic inlet. A second 
narrowing is located 20 cm from the incisors at the point 
at which the left main stem bronchus and the aortic arch 
cross, at the level of the angle of Louis anteriorly and 
the fourth thoracic vertebra posteriorly. The resting tone 
of the lower esophageal sphincter creates the third nar-
rowing of the esophagus located at the gastroesopha-
geal junction, 40 cm from the incisors.

The esophagus differs from the rest of the GI tract 
in that it has no mesentery or serosa. The esophageal 
wall is composed of three layers: the outer external lon-
gitudinal muscle layer, the inner circular muscle layer, 
and the submucosal/mucosa. In the upper-third of the 
esophagus, the muscle fibers are primarily striated (vol-
untary), whereas in the distal-third of the esophagus, 
the muscle fibers are primarily smooth (involuntary). In 
the middle-third of the esophagus, smooth and striated 
muscle fibers are intermingled. Because most esopha-
geal motility disorders are due to an abnormality in 
smooth muscle fibers, esophageal myotomy needs to 
span only these muscle fibers. The submucosa contains 
coarse elastic fibers, an arteriolar plexus, fibrous tissue, 
and nerve cell bodies of Meissner’s plexus. Together 
with the mucosa, this thick submucosal layer is the 
strongest portion of the esophageal wall. These layers 
must be considered as one layer, and both must be sewn 
together if a watertight anastomosis is to be created. The 
mucosa makes up the inner layer of the esophageal wall. 
It is lined with a thick layer of nonkeratinizing, strati-
fied squamous epithelium that is continuous with the 
mucosa of the oropharynx.

The arterial blood supply of the esophagus is derived 
from the inferior thyroid artery (neck), the segmental 

esophageal arteries branching off the aorta (thorax), 
and the left gastric and splenic artery (abdomen). These 
arteries branch into small vessels some distance from 
the esophagus before penetrating the esophageal mus-
cle layers. This branching allows blunt mobilization 
of the esophagus during a transhiatal esophagectomy 
because these small vessels contract to assist in hemo-
stasis. Upon entering the esophagus, these arteries 
branch at right angles, thereby establishing a longitudi-
nal anastomosing network of vessels. This early branch-
ing and collaterization between the cervical, thoracic, 
and gastric segments desegmentalizes the esophageal 
blood supply. Thus, the entire esophagus can be mobi-
lized with a blood supply based on the inferior thyroidal 
artery. Poor technique rather than poor blood supply is 
the usual reason for anastomotic failure [1]. However, 
the surgeon must exercise caution if the inferior thy-
roid arteries have been compromised by prior partial or 
complete thyroidectomy or by any other previous surgi-
cal procedure or radiotherapy.

The venous drainage of the esophagus parallels its 
arterial supply. The venous system also has an extensive 
intramural venous plexus in the submucosa. Because of 
its location, the azygos vein may be easily damaged dur-
ing blunt dissection; if tumor adheres to the vein, blunt 
dissection can cause massive bleeding. Additionally, 
esophageal resection through a right thoracotomy may 
lead to severe hemorrhage if the hemiazygos vein is not 
ligated [2].

The lymphatic system is made up of capillaries that 
drain into long and widely anastomosing collecting 
channels in the submucosa and then out to regional 
nodes. These nodes may precipitate the intramural 
spread of cancer, predominately in the submucosa. 
Because esophageal cancer has been found to spread 
for approximately 6–10 cm both proximally and distally, 
some surgeons believe that anything less than a subto-
tal esophagectomy is unwise [3]. Lymphatic drainage 
from the upper esophagus flows primarily into the cer-
vical and peritracheal lymph nodes, whereas lymphatic 
drainage from the lower esophagus flows into the retro-
cardiac and celiac nodes.

27.2 Esophageal Perforation

27.2.1 Causes of Perforation

Most perforations of the esophagus are iatrogenic, 
occurring during diagnostic and therapeutic endo-
scopic procedures. Successful management depends on 
four main factors: (1) age and overall condition of the 
patient, (2) cause and location of the perforation, (3) time 
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interval between diagnosis and treatment, and (4) pres-
ence of any underlying esophageal disease.

Iatrogenic perforations most commonly occur during 
rigid (0.03%) or flexible esophagoscopy (0.11%), trans-
esophageal echocardiography (0.01%), pneumatic dila-
tation (4%), esophageal stenting (5%–15%), bougienage 
(0.09%), endoscopic dynamic phototherapy (4.6%), or 
sclerotherapy (1%) [4]. Perforation commonly occurs at 
anatomically narrowed areas of the esophagus; the most 
common site being at the cricopharyngeal sphincter [5]. 
Spontaneous rupture of the esophagus occurs with a 
sudden increase in intra-abdominal pressure, usually 
related to vomiting, weight lifting, excessive coughing, 
or childbirth. This increase in pressure is transmitted to 
the lower thoracic esophagus and usually causes a per-
foration laterally into the left pleural cavity.

27.2.2 Symptoms of Perforation

The symptoms of esophageal perforation depend on 
the size and site of the perforation and on the elapsed 
time since perforation. Patients with cervical perfora-
tion usually experience cervical pain and dysphagia. 
Emphysematous crepitus is commonly detected in the 
neck after cervical perforations; it is palpable in 60% of 
cases and detected radiographically in more than 95% 
[6]. Thoracic perforations cause pain substernally or in 
the epigastric area. Mediastinal emphysema and pleu-
ral effusions are present in approximately 50% of cases. 
Pleural effusions commonly occur on the right side after 
upper perforation and on the left side after middle to 
distal perforation. Patients with abdominal perforation 
experience epigastric pain that is often referred to the 
back or left shoulder, or experience peritonitis.

27.2.3 Management of Esophageal Perforation

After esophageal perforation, the dissection of oral 
secretions (bacteria and salivary enzymes) and gastric 
contents into the fascial planes of the neck and medi-
astinum initiates a chemical and bacterial inflamma-
tory response. Fever, sepsis, and shock develop with 
the increasing contamination of the mediastinal, pleu-
ral, and abdominal cavities. If this contamination is left 
untreated, sepsis, cardiopulmonary collapse, and mul-
tisystem organ failure occur. The outcome of treatment 
of esophageal perforation has traditionally been poor, 
often because of a delay in diagnosis brought about by 
the clinician’s failure to consider the diagnosis. Fifty 
percent of patients will give a history of recent vomit-
ing, esophageal instrumentation, or surgery; the presen-
tation will be atypical in the remaining 50% of patients 
[7]. All patients complaining of pain after upper endos-
copy, esophageal manipulation, or esophageal surgery 

should undergo testing to rule out an esophageal perfo-
ration. The diagnosis is confirmed with a Gastrografin 
(Bracco Diagnostics, Ontario, Canada) or barium swal-
low. If Gastrografin esophagography shows no leak, 
a thin-barium swallow study should be performed. 
Esophagoscopy can be helpful in cases of penetrat-
ing trauma and foreign body perforation. Computed 
tomography (CT) also can aid in making the diagno-
sis. Common CT findings are pneumomediastinum, a 
periesophageal abscess, mediastinal air fluid levels, and 
pleural effusions (Table 27.1).

The optimal management of esophageal perfora-
tions remains controversial. Delay in the diagnosis 
and definitive treatment of esophageal perforation 
leads to increased complications and poor outcomes 
[8]. The treatment of esophageal perforation should be 
individualized and is based on four basic principles: 
(1) eliminating the source of contamination and prevent-
ing continued soilage; (2) performing adequate cervical, 
mediastinal, and pleural debridement and drainage; 
(3) providing aggressive resuscitation with fluids, anti-
biotics, and nutritional support; and (4) correcting any 
distal obstructing process, functional or organic. The 
following factors should be considered when therapy 
is selected for the individual patient: the clinical toxic 
effects experienced by the patient, the elapsed time 
since perforation, the extent of containment of the leak, 
and any preexisting pathology of the esophagus.

Nonoperative therapy of esophageal perforations has 
been described [9]. Sawyer et al. [10] recommend nonop-
erative treatment according to the following strict clini-
cal criteria: (1) a recent perforation (within 24 h), (2) no 
food intake after the perforation occurred, (3) no high-
grade obstruction distal to the perforation, (4) minor 
clinical symptoms without sepsis or hemodynamic 
compromise, (5) containment of the perforation within 
the mediastinum, and (6) results of a contrast study 
showing good and prompt drainage from a small perfo-
ration into the esophageal lumen.

Most surgeons today recommend immediate surgi-
cal treatment of esophageal perforation [4,5,11]. Multiple 
surgical options are available to treat esophageal 

TABLE 27.1

Surgical Options for the Management of Esophageal 
Perforations

Primary closure
Primary closure with viable flap buttressing of the suture line
Exclusion and diversion
T-tube drainage
Esophageal resection with primary or delayed reconstruction
Intraluminal stent
Wide drainage only
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perforations. Timely primary repair of the esophagus 
with suture line reinforcement using muscle flaps and 
wide drainage has the lowest morbidity and mortal-
ity of any surgical treatment modality for esophageal 
perforation.

Self-expandable metal endoscopic stents or the newer, 
removable silicone-coated polyester stents may be used 
in selective cases of esophageal perforation, fistula and 
anastomotic disruption. Metallic stents have been used in 
patients with esophageal cancer who have developed an 
esophageal fistula to the mediastinum, trachea, or lung 
[12]. Stents can also be used in patients with spontaneous 
esophageal perforation who are not medical candidates 
for a thoracotomy [23]. Immediate and complete closure 
of the esophageal perforation has been reported to be 
89% with a 21% stent migration rate [4]. Temporary stent 
therapy using removable stents seems to be an effective 
way of sealing off esophageal perforations and may be 
an effective alternative to open surgery for carefully 
selected patients with limited contamination [14].

Most cases of acute esophageal perforation continue 
to be treated surgically. Primary closure with buttress-
ing of the suture line is performed along with wide 
adequate drainage [15,16]. Gauge et al. reported that the 
mortality and fistula rate for reinforced repairs of the 
esophagus as 6% and 13%, compared to a 25% and 39% 
mortality and fistula rate, respectively, for repairs that 
were not reinforced [17]. Determination of the success 
of primary closure depends not only on the time from 
perforation but also on the degree of soilage and con-
tamination of the surrounding tissues.

27.2.4  Surgical Management of Cervical 
Esophageal Perforation

Cervical esophageal perforation is treated with prompt 
surgical drainage. The left-side approach is generally 
preferred because the esophagus is on the left side of the 
midline in the neck. The carotid sheath and the inter-
nal jugular vein are retracted laterally, and the middle 
thyroid vein is divided if necessary. The trachea and 
esophagus are gently retracted medially; blunt dissec-
tion into the retroesophageal space allows adequate 
drainage of the prevertebral fascia directly posterior to 
the esophagus. The surgeon must carefully look for and 
prevent damage to the recurrent laryngeal nerve during 
dissection. Blunt finger dissection is carried down into 
the posterior mediastinum.

Once the perforation is found, it can be repaired with a 
single or double layer of absorbable suture. In all esoph-
ageal perforations, the mucosal tear is often longer than 
the muscle tear; this is important to remember to insure 
complete and successful closure. If the cervical perfora-
tion cannot be visualized, the area should be copiously 
irrigated and a soft drain should be left in place. For all 

penetrating trauma, large perforations, and, if there is 
severe inflammation involving the trachea or the blood 
vessels, a viable muscle flap (usually a pedicled flap 
of sternocleidomastoid or omohyoid muscle) should 
be used to close and buttress the esophageal repair. 
Viable muscle flaps should also be interposed between 
simultaneous tracheal and esophageal repairs [4,5]. The 
patient should have all oral feedings withheld, nasogas-
tric suction applied, and antibiotics given until cervical 
drainage ceases. Esophagography should be performed 
5–7 days after the repair. At that time, if there is no leak, 
the patient’s diet can be advanced. Once the patient can 
tolerate a regular diet, the soft cervical drain is removed.

27.2.5  Surgical Management of Thoracic 
Esophageal Perforation

For thoracic esophageal perforations, aggressive surgical 
treatment should not be delayed. Intravenous hydration 
and treatment with antibiotics should be initiated pre-
operatively. Perforations to the upper- or middle-third 
of the esophagus are approached through a right pos-
terior lateral thoracotomy between the fourth and fifth 
intercostal spaces. Lower esophageal perforations are 
best approached through a left posterior lateral thoracot-
omy between the sixth and seventh intercostal spaces. 
Preexisting esophageal disease often must be dealt with 
at the time of exploration for esophageal perforation. 
Perforations occurring during pneumatic or hydrostatic 
dilation for achalasia are managed by primary repair 
of the perforation and concomitant esophagomyotomy 
directly opposite the repair [18]. Perforations that occur 
during dilation for benign strictures should be repaired 
after such dilation has been completed. If the strictures 
cannot be dilated, an esophagectomy should be per-
formed because healing is unlikely proximal to a stric-
ture or obstruction. Patients with carcinoma who suffer 
perforation during endoscopy should undergo esopha-
gectomy [19]. Reconstruction may be immediate or 
delayed, depending on the patient’s clinical condition. 
When the patient is a poor candidate for surgery, wide 
local drainage is performed and a feeding jejunostomy 
is created. A patient with a malignant esophago-respira-
tory fistula or a perforated esophageal carcinoma with 
a mediastinal abscess should be considered a candidate 
for palliative endoscopic stent, because 80% of these 
patients die within 3 months and only 11% survive for 
6 months [20].

A posterolateral thoracotomy is performed through 
the subperiosteally resected fifth rib on the right and 
the seventh rib on the left. This approach allows con-
struction of a well-vascularized intercostal muscu-
lopleural flap that can buttress the repair. The chest 
should be copiously irrigated and debrided of all 
necrotic tissue, and the esophagus should be gently 
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elevated from its bed so that the opposite mediastinal 
pleura can be irrigated. If a right or left pleural effu-
sion is found, it must be drained. Next, the esopha-
geal perforation should be visualized and the outer 
muscular coat of the esophagus incised so that the 
entire length of the mucosal defect can be seen before 
it is closed in one or two layers. Failure to transfix 
the mucosa with each suture results in an inadequate 
repair that has increased risk of an anastomotic leak 
[2]. If the muscular layer cannot be closed primar-
ily, various muscle flaps may be used for closing the 
defect [21]. Muscle flaps should be used to buttress all 
primary esophageal repairs so that the risk of suture-
line disruption or an esophagopleural fistula can be 
minimized or prevented. Flaps that have been used 
for closing and buttressing esophageal repairs have 
consisted of pleura, pedicled intercostal muscle, dia-
phragm, pericardium, omentum, and gastric fundus. 
However, with minimal inflammatory reaction, the 
parietal pleura remains thin and does not produce a 
good buttress. Wright et al. [15] used an intercostal 
muscle buttress over the primary repair and achieved 
primary healing in 89% of 28 patients with thoracic 
esophageal perforations.

Postoperatively, if one suspects a leak, an esopha-
gram should be performed. If the leak is well drained, 
the patient exhibits no signs of toxicity, nutritional sup-
port is good, and no distal obstruction is present, then 
the leak should heal with no oral intake and drainage. 
If the patient shows signs of sepsis or the leak is not 
well drained, another exploratory procedure should 
be performed. The area of the leak should then be 
widely drained; if this is not possible, the patient should 
undergo esophagectomy with the creation of a cervical 
esophagostomy and feeding jejunostomy.

Esophageal exclusion has been promoted as a good 
alternative to primary repair and esophagectomy. 
Urschel et al. [22] modified the technique of total esoph-
ageal exclusion in continuity; initially, umbilical tape 
was tied over a polytetrafluoroethylene band at the 
esophagogastric junction while a tube gastrostomy and 
a lateral cervical esophagostomy were performed. Ladin 
et al. [23] reported the primary repair of a postemetic 
perforation of the thoracic esophagus by stapling the 
esophagus above and below the repair and performing 
a gastrostomy and a cervical esophagostomy. Six weeks 
later, the patient’s esophageal lumen was patent without 
strictures after an esophagram.

Others have reported success with the creation of a 
T-tube fistula and drainage of the perforation. Abbott 
et al. [24] constructed a large-bore silastic T-tube, which 
was placed through a distal esophageal perforation. A 
nasogastric tube was then inserted through the nose, 
down the esophagus through the T-tube, and into the 
stomach. The chest cavity was drained with chest tubes. 

Eventual healing of the perforation requires that perfo-
ration be patched by the lung and pleura. Bufkin et al. 
[25] modified this technique slightly by advocating that 
the T-tube should be brought out through a lateral inci-
sion and sutured to the diaphragm in a position that 
would avoid aortic erosion.

27.2.6  Surgical Management of Abdominal 
Esophageal Perforation

The prognosis for patients with abdominal perforation is 
excellent if the perforation is recognized early. Surgical 
treatment is achieved with primary closure of the perfo-
ration and buttressing of the repair with either a partial 
gastric fundus wrap or an omental wrap. A gastrostomy 
and a feeding jejunostomy are usually indicated.

27.2.7  Outcome of Surgery for 
Esophageal Perforation

The overall mortality rate associated with esophageal 
perforation is 22%, with the break down as follows: cer-
vical perforation is 6%, thoracic perforation is 34%, and 
abdominal perforation is 29% [8]. Morbidity and mortal-
ity is mainly related to anastomotic failure with contin-
ued contamination [4]. All published series demonstrate 
that early diagnosis and treatment lead to better out-
comes; morbidity and mortality rates increase when 
diagnosis and treatment occur more than 24 h after 
injury. Gouge et al. [17] reviewed the results of a series 
of 10 primary suture repairs of thoracic perforations; 
the overall leak rate was 39%, and the overall mortality 
rate was 25%. In their series review, the overall mortal-
ity rate associated with the T-tube technique for drain-
ing perforations is 36%, that associated with exclusion 
and diversion is 35%, and that associated with resec-
tion is 26%. The mortality rates associated with T-tube 
drainage and exclusion may reflect the severity of these 
patients’ illness.

27.3 Esophageal Trauma

Traumatic injuries to esophagus are rare, with busy 
trauma centers seeing an average of five such cases 
per year. Most traumatic injuries to the esophagus are 
caused by penetrating wounds. Asensio et al. reported 
that 88% of patients with penetrating esophageal inju-
ries had other associated injuries, which can include 
tracheal, vascular, pulmonary, diaphragmatic, and spi-
nal cord injuries [50]. Often, it is these other injuries that 
contribute to the high morbidity and mortality seen 
after penetrating esophageal injuries.
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27.3.1 Blunt Trauma

Blunt esophageal trauma is extremely uncommon. Blunt 
injuries to the esophagus occur almost exclusively in 
the neck and abdomen. It may result from a direct blow 
to the organ when the neck is hyperextended; such a 
blow crushes the esophagus against bony fragments of 
the cervical spine. Blunt trauma may also result from an 
increased intraluminal pressure against a closed glot-
tis, which causes a burst-type injury, usually at the gas-
troesophageal (GE) junction. Motor vehicle collisions 
are the most common cause of this type of esophageal 
injury.

27.3.2 Penetrating Trauma

The incidence of esophageal injuries from penetrating 
wounds to the neck is 5%–7% [27,28]. Esophageal inju-
ries have been found during 10%–12% of neck explora-
tions performed because of penetration of the platysma 
[29,30]. Cornwell et al. [31] found only 14 intrathoracic 
esophageal injuries among 1961 patients (0.7%) with 
penetrating chest trauma. The rarity of these injuries 
should not lead to diagnostic complacency in the trauma 
bay or in the operating suite. Patients with platysmal 
penetration, posterior chest wounds, transmediastinal 
penetrating injuries, tracheobronchial injuries, or any 
wounds whose trajectory may injure the esophagus 
should undergo testing to rule out esophageal trauma.

27.3.3  Preoperative Assessment of 
Esophageal Injuries

Clinical signs and symptoms are present among as 
many as 80% of patients with traumatic esophageal 
injuries. These signs and symptoms include odynopha-
gia, dysphagia, hematemesis, shortness of breath, cervi-
cal crepitus, cough, stridor, complaints of neck and chest 
pain, hoarseness, and bleeding from the oropharynx. 
Fever, chills, subcutaneous emphysema, abdominal ten-
derness, and mediastinal crunching upon auscultation 
of the chest (Hamman’s sign) may be present. Clinical 
findings of pneumothorax, pneumomediastinum, left-
sided pleural effusion, a nasogastric tube passing into 
the pleural space, food particles draining from a chest 
tube, or bubbles in the chest tube through both inspira-
tion and expiration may suggest esophageal injury.

The presence of these signs and symptoms will 
depend on the location of the injury, the size of the 
perforation, the degree of contamination, the length of 
time since injury, and other associated injuries such as 
tracheal and vascular injuries. Overall, these signs and 
symptoms are unreliable in predicting esophageal inju-
ries; therefore, the clinician must maintain a high index 
of suspicion.

The results of plain radiography of the neck and chest 
may be abnormal in as many as 75% of patients with 
traumatic esophageal injuries. More definitive studies 
are needed if radiographs show hydrothorax, pneu-
momediastinum, or pneumothorax; air dissecting into 
the retropharyngeal spaces; or subcutaneous cervical 
air. If an esophageal injury is suspected or found, the 
patient should undergo urgent contrast esophagogra-
phy. Contrast esophagography has been shown to be 
89% sensitive and 100% specific for cervical esophageal 
injuries [31]. In their review of esophageal injuries, White 
and Morris [27] found that contrast esophagography was 
100% sensitive and 95% specific. Contrast radiography 
is usually first performed with Gastrografin®, a water-
soluble agent that, unlike barium, does not cause severe 
mediastinitis but may cause a severe chemical pneu-
monitis if aspirated. Gastrografin is less radiodense 
than barium and less likely to demonstrate small leaks 
or perforations. A barium contrast study is usually 
performed if the results of the Gastrografin study are 
negative.

Because the results of esophagography may be nor-
mal for 15% of patients with esophageal injuries, a high 
suspicion of injury should prompt the performance of 
endoscopic esophagoscopy [32]. Esophagoscopy, with 
either a rigid or a flexible scope, has been helpful in 
identifying esophageal injuries. Rigid esophagoscopy 
is more sensitive (89%) for cervical esophageal inju-
ries than flexible esophagoscopy (37%) [31]. Flexible 
endoscopy is 100% sensitive and specific for thoracic 
esophageal injuries [27]. When contrast radiography 
and esophagoscopy are combined, their sensitivity and 
specificity approaches 100%.

27.3.4 Management of Esophageal Injuries

27.3.4.1 Injuries to the Cervical Esophagus

The cervical esophagus is more commonly injured than 
the thoracic or abdominal esophagus. Once a cervical 
esophageal injury has been diagnosed, the patient is 
given nothing by mouth, nasogastric suction is begun, 
and the administration of antibiotics active against oral 
flora is initiated. Prompt surgical drainage and repair of 
the esophagus are performed through a collar incision 
or an incision along the anterior border of the sterno-
cleidomastoid muscle.

Most esophageal injuries are repaired primarily with 
a single-layer, full-thickness closure with interrupted 
nonabsorbable 3–0 suture or in two layers with an inner 
absorbable layer and an outer nonabsorbable layer. 
Failure of the suture to transfix the mucosa is due to the 
fatty submucosa, which allows the mucosa to retract 
under the overlying muscular layers. The mucosa 
must be identified and deliberately transfixed; each 
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suture must be placed so as to achieve apposition and 
in order to avoid anastomotic leaks [33]. This principle 
applies to all repairs performed on all segments of the 
esophagus.

More complex injuries to the esophagus may require 
debridement of the devascularized segments or resec-
tion. Vascularized tissue flaps should be used when 
defects are large or when the tissues are too friable for 
primary closure. Flaps are also used when the esopha-
gus is perforated in two places (as is the case with gun-
shot wounds) or when primary closure of both injuries 
would result in substantial narrowing of the lumen 
[21,34]. If the trachea or the carotid artery is also injured, 
buttressing the repair with muscle flaps from the sterno-
hyoid, omohyoid, sternothyroid, or sternocleidomastoid 
muscles is particularly important so that late fistulae 
can be avoided.

All repairs in the neck should be drained. The drain is 
placed approximately 2 cm from the esophageal repair 
and is brought out through a separate wound. Oral 
intake is started if esophagography shows no leak on the 
fifth to seventh postoperative day. The drain is removed 
after 2 days of oral intake if no drainage occurs. Most 
esophageal fistulas that develop after neck trauma 
drain directly from the esophagus to the skin. Because 
as many as 50% of all leaks are symptomatic, a con-
trast swallow should be used to confirm the presence 
of suspected leaks and fistulas. If no distal obstruction 
is present, most of these fistulas will resolve spontane-
ously after 2–3 weeks of adequate drainage, limited oral 
intake, and antibiotic administration.

27.3.4.2 Injuries to the Thoracic Esophagus

Thoracic esophageal injuries are less common than 
cervical esophageal injuries; however, they are more 
often fatal. These injuries are frequently associated 
with injuries to the great vessels, trachea, lungs, and 
diaphragm. During emergent exploration for these 
other injuries, the surgeon must be careful to rule out 
an esophageal injury. Intraoperative esophagoscopy 
should be performed when a complete evaluation of 
the esophagus is impossible. Emergent intraoperative 
esophagoscopy has been shown to be 100% sensitive 
and 80% specific for penetrating thoracic esophageal 
injuries [35]. Patients who are in stable condition but 
for whom examination is necessary for ruling out 
esophageal or other injuries should first undergo 
contrast-enhanced spiral CT of the chest. This test can 
rule out associated injuries to lung, great vessels, tra-
chea, and spine and may show the location of esopha-
geal injuries.

Surgical treatment involves local debridement, wide 
drainage, primary repair of the defect, and buttressing 
of the repair with a viable muscle flap. Wounds to the 

upper- and middle-third of the thoracic esophagus are 
repaired through a right posterolateral thoracotomy 
at the fifth intercostal space. After the injury has been 
identified, the esophageal wall should be circumferen-
tially inspected so that the presence of an exit wound 
can be excluded. Primary repair with either a one-layer 
or a two-layer technique is performed. After the esoph-
ageal wound has been closed, a parietal pleural flap, 
an intercostal muscle flap, or a pericardial flap should 
be created to buttress certain repairs, particularly those 
between the trachea and the esophagus [5]. Other tis-
sue flaps such as pericardial, intercostal muscle, dia-
phragm, latissmus dorsi, and rhomboid muscle flaps 
have been used to buttress these repairs and to close 
large esophageal defects that cannot be closed primar-
ily [21]. The use of these viable flaps to buttress the 
repair has been associated with improved anastomotic 
outcomes [36].

The fistulas and leaks that develop after the repair 
of traumatic esophageal injuries more often than not 
respond to local drainage and creation of a controlled 
fistula; usually, diversion or resection is unnecessary. If 
diagnosis has been delayed or if the injury is so severe 
that primary repair is not feasible because of the degree 
of contamination and inflammatory reaction, viable 
alternatives to primary repair are esophageal diversion, 
exclusion, or resection. Another alternative is dissecting 
the superior part of the esophagus up to the chest inlet 
and exteriorizing the esophagus through a new wound, 
thereby creating an esophagostomy. The distal end is 
stapled and dissected to the diaphragm and is removed 
through a separate incision; a gastrostomy is then per-
formed [37]. At a later date, reconstruction of the conti-
nuity of the GI tract is performed with gastric pull-up or 
colonic interposition.

Wounds to the lower-third of the thoracic esophagus 
are repaired through a left posterolateral thoracotomy 
through the sixth intercostal space. Repair is performed 
as above except that diaphragm, intercostal muscle, or 
gastric fundus can be used to buttress the repair. After 
repair but before closure, the mediastinal pleura must 
be widely opened, thoroughly irrigated and débrided, 
and finally drained.

27.3.4.3 Injuries to the Abdominal Esophagus

Injuries to the abdominal segment of the esophagus are 
repaired through a laparotomy; the suture line is cov-
ered with either omentum or the gastric fundus as in 
a Thal 180°- or a Toupe 270°-fundoplication. The true 
Nissen 360°-wrap should probably be avoided because 
it may cause a functional distal esophageal obstruction. 
Creating a feeding jejunostomy is sometimes helpful. 
The rate of esophageal leak or fistula formation has been 
reported to be as high as 38% [21].
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27.3.4.4  Complications of Surgical Repair 
of Esophageal Injuries

Esophageal anastomotic leaks are the most common 
complication after esophageal repair; their incidence is 
approximately 15%–25% [38]. They are frequently the 
result of technical misadventures such as inadequate 
debridement of devitalized tissue, devascularization of 
tissue, closure under tension, inadequate drainage, fail-
ure to buttress the repair, and the presence or develop-
ment of infection. Other complications that may occur 
after repair of esophageal injuries include esophageal 
stricture, wound infection, mediastinitis, empyema, 
sepsis, and pneumonia. The incidence of complications 
after repair increases as the time between injury and 
repair increases. Shock, spinal cord injuries, the need for 
emergent tracheostomy, and the presence of other asso-
ciated injuries also increase the rate of complications.

27.3.4.5  Outcome of Surgical Management 
of Esophageal Injuries

The most important factor contributing to high morbid-
ity and mortality rates is a delay in initiating definitive 
surgical repair [36]. The mortality rate associated with 
esophageal injuries ranges from 5% to 25% for patients 
treated definitively within 12 h after injury, from 10% to 
44% for those treated 12–24 h after injury, and from 25% 
to 66% or more for those treated more than 24 h after 
injury [39]. The mortality rates associated with injuries 
to the thoracic esophagus are particularly high because 
of the severe suppurative mediastinitis that develops 
within 6–12 h.

27.4 Complications of Esophageal Resection

Surgery on the esophagus is fraught with complica-
tions. Rates as high as 25%–80% have been reported. 
Proper patient selection, precise conduct of the indi-
cated procedure, excellent intraoperative anesthesia 
management, and meticulous postoperative care will 
lead to optimal outcomes. Early recognition of the more 
common complications and how to prevent them will 
continue to lower the overall complications after esoph-
ageal surgery.

27.4.1 Pulmonary Complications

Pulmonary complications are the most common cause 
of morbidity and mortality after esophageal resection. 
The most common respiratory complications continue 
to be pneumonia, ventilator dependence, and acute 
respiratory distress syndrome (ARDS). Patients who 

developed a postoperative pneumonia had an almost 
sevenfold increase in mortality (20.0% vs. 3.1%) [40]. 
Risk factors that increase the incidence of respiratory 
complications include advanced age, smoking, chronic 
obstructive pulmonary disease (COPD), malnutrition, 
neoadjuvant chemotherapy, recurrent laryngeal nerve 
injury, loss of more than 1 L of blood during the pro-
cedure, and immobility due to pain or malnutrition. 
Preoperative intervention aimed at optimizing pulmo-
nary hygiene and function can prevent and decrease the 
incidence of pulmonary complications.

The incidence of pneumonia can be reduced by early 
ambulation combined with good pain control and 
aggressive pulmonary toilet. If pneumonia develops, 
the administration of appropriate antibiotics should be 
initiated. Early bronchoscopy can improve pulmonary 
toilet, provide a good specimen for culture, and exclude 
tracheobronchial injury. If the patient still requires 
ventilatory support 1 week after surgery, early tracheos-
tomy should be considered.

A rare but disastrous complication is tracheobronchial 
fistula. Injury to the trachea or the main stem bronchus 
can occur during the mobilization of the upper half of 
the esophagus during both transhiatal and transthoracic 
esophagectomy. Blunt dissection close to the esophagus 
and away from the trachea and bronchus avoids this 
potentially lethal technical error. Intraoperative injury is 
suggested by a loss in returned tidal volume, inability to 
ventilate the patient, persistent air bubbles in the medi-
astinum, and the odor of anesthetic gas. Initial intra-
operative management of this complication includes 
advancing the endotracheal tube past the injury. Once 
the airway has been secured and the patient’s condition 
is otherwise stable, the planned esophagectomy may 
proceed; the airway should be repaired via an incision 
in the right chest, and a buttressed flap should be placed 
between the repair and the esophageal conduit.

27.4.2 Cardiac Complications

Cardiac complications are infrequent, but may cause 
serious morbidity or death. Perioperative hypoten-
sion is most commonly caused by intravascular vol-
ume depletion or excessive vasodilation. Intraoperative 
hypotension can be caused by blunt dissection around 
the esophageal hiatus and the posterior mediastinum 
because such dissection can decrease venous return. 
Hypotension may also result from myocardial ischemia 
and is a predictor of postoperative cardiac morbidity. A 
variety of factors such as anemia, hypotension, tachy-
cardia, hypoxia, and fixed coronary lesions predispose 
patients to myocardial ischemia.

The incidence and severity of perioperative myocar-
dial ischemia appears to be greatest during the first 
48 h after surgery [41]. Symptoms of perioperative MI 



291Complications of Esophageal Surgery and Trauma

© 2008 Taylor & Francis Group, LLC

or ischemia include arrhythmias, hypotension, CHF, 
impaired mental status, and an increase in the blood 
sugar level of patients with diabetes. The use of beta-
blockers seem to decrease the incidence of perioperative 
myocardial events associated with noncardiac surgery.

Arrhythmias are common during the perioperative 
period, but most are clinically benign. The reported 
incidence of atrial dysrhythmia after esophagectomy 
ranges from 13% to 60% [42]. Important risk factors for 
dysrhythmia include advanced age, pulmonary com-
plications, extent of the surgery, and development of 
an anastomotic leak. Mortality of those patients who 
develop atrial fibrillation (AF) postoperative is four 
times higher than those who don’t develop AF (23% vs. 
6%) [43]. The administration of beta-blockers has been 
shown to reduce the incidence of postoperative atrial 
arrhythmia [44].

27.4.3 Bleeding

Bleeding, both intraoperatively and postoperatively, is 
not only troublesome but also potentially lethal. The 
occurrence of hypotension and tachycardia on the first 
postoperative day is usually related to bleeding due 
to inadequate hemostasis during surgery. This type of 
bleeding arises from short gastric arteries that have not 
been thoroughly ligated. If not recognized intraopera-
tively, injury to the spleen during gastric mobilization 
can also lead to postoperative bleeding. The azygous 
vein is usually ligated during thoracotomy but can be 
injured by blunt dissection during a transhiatal esoph-
agectomy. Bleeding may also result from injury to the 
internal mammary artery, to the intercostal arteries, and 
to the aortic arch. When surgeons are careful to keep 
dissection planes close to the esophageal wall, bleed-
ing from vessels supplying the esophagus is usually 
self-limited. When bleeding is severe, the mediastinum 
should be packed first so that the hemorrhage can be 
arrested and the patient’s condition can be stabilized. If 
possible, the bleeding vessel(s) should be ligated under 
direct vision.

27.4.4 Thoracic Duct Injury

Injury to the thoracic duct may occur anywhere along 
the esophagus during dissection and mobilization. The 
reported incidence of injury to the thoracic duct is 2% for 
a transhiatal esophagectomy and 3% for a transthoracic 
esophagectomy [45]. Chylothorax is suspected if a large 
volume of serous drainage from the chest tube persists 
beyond the fifth postoperative day. A persistent chyle 
leak can lead to malnutrition and immunosuppression. 
The diagnosis may be confirmed by feeding the patient 
cream, which will turn the chest tube drainage cloudy 
white. Once the diagnosis has been made, the initial 

treatment approach is nonoperative. The patient should 
take nothing by mouth, and total parenteral nutrition, 
or low-fat diet, along with collection and drainage of the 
leak. Nonoperative treatment, however, is not always suc-
cessful. If chest tube output is more than 1 L/day for more 
than 5 days, or if the leak persists for more than 2 weeks, 
or if nutritional or metabolic complications occur, explo-
ration may become necessary. Dugue reported that if 
the chyle leak remained greater than 10 mL/kg on post-
operative day 5, the leak was going to fail nonoperative 
management [46]. At reoperation, through a right tho-
racotomy, encircle and ligate all the tissue between the 
aorta, spine, and azygos vein just above the diaphragm, 
in order to ensure ligation of the thoracic duct.

27.4.5 Nerve Injury

The incidence of recurrent laryngeal nerve (RLN) injury 
after esophageal resection ranges from 2% to 20% [47]. 
RLN injury is more common after a transhiatal esopha-
gectomy (11%) than a transthoracic esophagectomy (4.8%) 
[47]. Injury to the RLN typically causes hoarseness and 
difficulty in swallowing, which predisposes the patient 
to aspiration. Fortunately, the injury is usually transient 
and is most likely related to pressure on or stretching of 
the nerve that is caused by the placement of retractors in 
the tracheoesophageal groove. Once nerve injury is sus-
pected, laryngoscopy and a swallow evaluation should 
be performed. Raymond recommends an aggressive 
approach to vocal cord paralysis with vocal cord injec-
tion for temporal medialization to enhance postopera-
tive pulmonary toilet and prevent aspiration [44].

During esophagectomy, the vagus nerves are tran-
sected. This results in two problems. The first problem 
is pylorospasm and gastric dysmotility, which impair 
gastric emptying. To avoid this problem, most surgeons 
today perform a pyloromyotomy or a pyloroplasty dur-
ing esophageal resection. The second problem is the 
dumping syndrome. The symptoms of the dumping 
syndrome are postprandial diarrhea, cramping, nausea, 
diaphoresis, abdominal pain, and palpitations. These 
symptoms are usually self-limited and are treated by 
ensuring that the patient eats frequent small meals 
and avoiding foods with a high carbohydrate content. 
Occasionally, antidiarrheal agents may be necessary.

27.4.6 Anastomotic Leak

Anastomotic leaks are the most feared complication of 
esophageal surgery, leading to an increase in morbid-
ity and mortality. The reported incidence of leaks after 
esophageal resection ranges from 2% to 30% [48]. The 
anastomosis must be created without any tension, and 
the remnant of the esophagus and the conduit must 
have a good blood supply. Again, it is crucial to ensure 
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that each stitch transfixes the mucosal edge, which may 
retract as far as 1 cm from the cut edge of the esopha-
gus [33]. Randomized studies showed that the type of 
anastomosis created (stapled or hand sewn, one or two 
layers, running or interrupted) had no affect on the inci-
dence of developing a leak. However, both trials found 
that the incidence of anastomotic stricture was higher 
when a stapled anastomosis was created [49,50].

Leaks that occur early, within the first 48 h, are usually 
due to necrosis of the conduit. Although rare, this com-
plication can be fatal. Immediate surgical intervention is 
required so that the conduit can be resected, the medias-
tinum can be debrided, a cervical esophagostomy can be 
created, and a feeding jejunostomy can be placed. Careful 
preparation of an esophageal conduit that ensures 
proper length and good blood supply will allow the cre-
ation of an anastomosis without tension. Preserving the 
right gastroepiploic artery and, if possible, the right gas-
tric artery during mobilization of the stomach is essen-
tial to avoid stomach necrosis. Colon conduits require 
adequate collateralization through the marginal artery.

Although the incidence of cervical leaks is higher than 
that of thoracic leaks, cervical leaks rarely cause death. In 
contrast, thoracic leaks often lead to severe mediastinitis 
and are associated with a mortality rate as high as 50% 
[51]. Cervical leaks commonly occur during the fifth to 
tenth postoperative days. A barium swallow should be 
performed to confirm the leak, and a CT scan of the neck 
and chest should be performed to delineate the degree of 
contamination. The wound should then be opened and 
widely drained. Locating and closing the leak should 
never be attempted. Almost all cervical leaks heal with 
conservative management; however, anastomotic stric-
tures develop in as many as one-third of cases [51].

Thoracic leaks most commonly occur during the first 
postoperative week. Signs and symptoms include fever, 
tachycardia, leukocytosis, increasing pleural effusions, 
and bile-stained or turbid fluid in the chest tube drain-
age. When the first signs of sepsis appear, tests should 
be performed to rule out a leak. The location and magni-
tude of a leak are confirmed with water-soluble contrast 
esophagography. For small, contained leaks with no 
signs of sepsis, appropriate treatment may be chest tube 
drainage, CT-guided drainage, or both. Exploration is 
necessary for large leaks accompanied by sepsis. Direct 
repair is seldom possible; therefore, the anastomosis 
must be taken down, the necrotic conduit tissue resected 
and returned to the abdomen, then mediastinum must 
be widely drained and debrided, and a diverting esoph-
agostomy must be created. Reconstruction may be per-
formed several months later after the patient makes a 
full recovery. In all cases, the administration of broad-
spectrum antibiotics must be initiated. The patient’s 
nutritional status must be maintained. Asymptomatic 
leaks that are detected by routine postoperative contrast 

studies should be treated conservatively by withhold-
ing oral feeding until a repeated contrast study shows 
resolution of the leak.

27.4.7 Stricture

Stricture may occur at the anastomotic site regardless of 
the type of conduit, the type of anastomosis, or the type 
of surgical approach. The reported rate of anastomotic 
stricture ranges from 2% to 40% [51]. The incidence of 
anastomotic stricture is increased if the esophageal 
pathology is due to the ingestion of lye, the occurrence 
of a postoperative leak, the creation of a stapled anas-
tomosis, or the creation of an anastomosis in an irradi-
ated field [51]. Law et al. found that the rate of stricture 
was 40% after a stapled anastomosis but only 9% after 
a hand-sewn anastomosis [50]. Fortunately, most stric-
tures do not require surgical intervention and may be 
dilated over a soft, tapered Maloney dilator. Initial dila-
tion should be performed under endoscopic and fluoro-
scopic guidance so that injury can be prevented and the 
degree, length, and nature of the stricture can be deter-
mined. Biopsy of all strictures should be performed so 
that a recurrence of cancer can be ruled out. Significant 
symptomatic relief is obtained when the stricture is 
dilated to 40–54 F. Multiple dilations should be per-
formed during the next several weeks so that stricture 
recurrence can be prevented. The interval between 
treatments should be gradually extended until a period 
of 6 months passes with no recurrence of dysphagia. 
A few strictures will be chronic and resistant; in these 
cases, surgical intervention may be required.

27.5 Conclusion

Although esophageal surgery is fraught with difficulty, 
a thorough knowledge of the anatomy and an under-
standing of esophageal function allow procedures to be 
performed with an acceptably low morbidity and mor-
tality rate along with a good outcome.

Complications after Esophageal Surgery

Anastomotic leak 5%–26%
Anastomotic stricture 10%–31%
Pulmonary complications 49.5%
Pneumonia 21.4%
Reintubation 16.2%
Ventilator need >48 h 21.8%
Cardiovascular complications

Atrial fibrillation 11.5%–22%
Myocardial infarction 1.1%–3.8%
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Venous thromboembolism (VTE) 2.4%
Pulmonary embolism 0.7%
Deep venous thrombosis 0.9%

Recurrent laryngeal nerve injury
Cervical 2%–13%
Thoracic 2.1%–8.0%
Chylothorax 0%–8%
Conduit necrosis 1%–2%

Mortality 0%–22%

Source: Raymond, D., Surg. Clin. North Am., 
1299, 2012.

Avoiding Complications of Esophageal Surgery

Prevention of anastomotic leaks, stricture, and avoidance of conduit 
necrosis

Ensure good supply, good visualization of mucosal defect prior to 
repair of perforation, primary anastomosis created without 
tension, when available buttress anastomosis, when available 
use pedicle flap

Prevention of recurrent laryngeal nerve injury
Identify recurrent nerve during dissection, avoid injury from 
placement of retraction devices

Prevention of chylothorax
Remember the anatomy of the thoracic duct

Prevention of pulmonary complications
Cessation of smoking, aggressive pulmonary toilet, pulmonary 
rehabilitation, efforts to protect airway—aspiration precautions, 
postoperative assessment swallowing function, avoidance of 
recurrent laryngeal nerve injury, and consideration of transhiatal 
approach

Prevention of cardiac complications
Avoid hypoxia, hypotension, and start and continue beta-blockers

Prevention of venous thromboembolism
Early ambulation, VTE chemical prophylaxis, and sequential 
compression devices
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28.1 Introduction

Acute complications in cardiac surgery have a serious 
impact on outcomes. While modern techniques for car-
diopulmonary bypass and myocardial protection pro-
vide the means to conduct increasingly complex and 
longer operations, the population of patients presenting 

for surgery is both older and with greater comorbidities. 
As a result, the incidence of major complications in car-
diac surgery has not changed much in the last decade. 
At a technical level, cardiac operations involve a level of 
precision for which even the slightest deviation has the 
potential for catastrophic consequences. In this chapter, 
the most common complications encountered in cardiac 
surgery and cardiac trauma will be reviewed.
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28.2  Technical Complications Related 
to Cardiopulmonary Bypass

28.2.1 Iatrogenic Aortic Dissection

Iatrogenic dissection of the ascending aorta and arch 
is a rare complication with an incidence of less than 
0.1% for cases in which cardiopulmonary bypass is 
used [1]. The primary risk factor for aortic dissection 
from cannulation or cross-clamping of the ascending 
aorta is calcification. The overall mortality rate asso-
ciated with this complication is greater than 35% [2]. 
Management requires prompt recognition and action. 
If dissection occurs at the site of cannulation, the can-
nula must be immediately removed and replaced at 
another site (e.g., the femoral artery). The ascending 
aorta must then be repaired utilizing deep hypo-
thermic cardiopulmonary bypass or even circulatory 
arrest. Pledgeted sutures may be used to repair small, 
local dissections at the cannulation site, but a more 
complex repair with replacement of the ascending 
aorta and/or arch with a tube graft may be necessary 
for extensive injury.

There are several strategies to minimize the risk of 
an aortic dissection. Transesophageal echocardiogra-
phy and epiaortic ultrasound should be used routinely 
to identify areas with prominent calcification and thus 
avoided [3]. Lowering the systolic blood pressure to less 
than 100 mm Hg prior to aortic cannulation and decreas-
ing pump flow prior to cross-clamping of the aorta also 
reduce risk. If the aorta cannot be cannulated or cross-
clamped safely due to the presence of extensive calcifi-
cation, the operative plan must be altered or abandoned. 
In these situations, coronary artery bypass procedures 
may be completed using off-pump techniques or hypo-
thermic fibrillatory arrest.

28.2.2 Coronary Sinus Rupture

Rupture of the coronary sinus with placement of a ret-
rograde cannula into the coronary sinus for delivery of 
cardioplegia occurs in less than 0.1% of cases [4]. This 
complication manifests as heavy venous bleeding from 
behind the heart. Management again requires prompt 
recognition and repair. Primary repair is often possible 
if there is a distinctly visible site of perforation. Often 
the tip of the retrograde cannula can be seen puncturing 
out from the coronary sinus. In this case, the puncture 
site may be repaired primarily with the use of pled-
geted sutures. For more difficult ruptures, the preferred 
method for repair is an epicardial patch to contain the 
site around the rupture [5]. Autologous pericardium is 
most often used for the patch. After repair, the remain-
der of the cardiac operation should be completed with 

use of antegrade cardioplegia only. In extreme situa-
tions in which the site of rupture cannot be visualized 
due to massive bleeding or the development of a hema-
toma, the coronary sinus may be ligated with pledgeted 
sutures both proximally and distally. Even with ligation 
of the coronary sinus, adequate venous return from the 
coronary circulation is maintained from thebesian veins 
to the right atrium.

The risk of coronary sinus rupture may be mini-
mized by gentle insertion of the retrograde cannula, 
echo guidance during placement, and verifying both 
visually and manually that the catheter has not been 
placed into a smaller tributary coronary vein or placed 
so far into the coronary sinus that the tip of the catheter 
reaches the left atrial appendage [4]. In addition, during 
delivery of retrograde cardioplegia, the coronary sinus 
pressure should be followed carefully and not exceed 
30–40 mmHg. Higher coronary sinus pressures during 
retrograde delivery are associated with coronary sinus 
rupture, and an initially high coronary sinus pressure 
followed by an acute drop in pressure often suggests 
that a rupture has occurred.

28.2.3 Systemic Air Embolism

Systemic air embolism resulting in massive stroke is a 
rare but catastrophic complication associated with an 
immediate mortality rate of 22% [6]. There are many 
potential sources for an air embolism (Table 28.1). 

TABLE 28.1

Sources of Systemic Air Embolism

Bypass machine

Drop in reservoir level
Pressurization of cardiotomy lines
Reservoir reversal of pump-head rotation
Disconnection of oxygenator
Inadequate de-airing of lines

Venting
Excessive suction on atrial vent lines
Air entering aorta retrograde via non-occluded coronary arteries 
when excessive aortic venting is applied

Heart
Retained air in atrial appendage
Retained air in trabeculae
Retained air in pulmonary veins
Unexpected resumption of cardiac activity when the heart is open
Unexpected patent foramen ovale when the patient is on 
cardiopulmonary bypass and the heart is not arrested

Other
Continued use of intra-aortic balloon pump, which can suck in air 
when the aorta is opened

Air introduced from venous lines in the setting of patent foramen 
ovale

Entry via partial occlusion clamp when proximal anastomoses are 
performed
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If an embolus of air is seen passing into the patient 
via the aortic cannula, a rapid sequence of events must 
be initiated for management. The bypass circuit must 
be immediately stopped and reversed to pull air out 
of the aorta. The patient should be placed in a steep 
Trendelenberg position and additional air aspirated 
from the aorta using a needle. Retrograde cerebral per-
fusion via an SVC cannula can prevent injury in 61% of 
cases [7]. Maintaining hypothermia at 20°C–22°C will 
reduce cerebral metabolic requirements and encour-
age gas solubility [8]. Administering high-dose ste-
roids, mannitol, glycerol, or some combination thereof 
has been shown to reduce the likelihood of injury [8]. 
Increasing cerebral perfusion by augmenting pump 
flow (6.0–6.6 L/min) and blood pressure (with vaso-
pressor drugs) may help purge the cerebral vascula-
ture [8]. Thiopental (40 mg/kg) has been used to quiet 
brain activity until bypass is complete [9]. Although 
the use of thiopental is attractive, it is associated with 
substantial negative effects, including myocardial 
depression and a delay in early return of conscious-
ness. If available, hyperbaric oxygen therapy may be a 
useful adjunct [10].

28.3 Postoperative Complications

28.3.1 Bleeding and Tamponade

Postoperative bleeding requiring re-exploration occurs 
in 3% of cardiac surgery patients [11]. Causes and risk 
factors for bleeding are shown in Table 28.2 [11,12]. 
Bleeding generally presents as rapid and excessive 
drainage from the mediastinal tubes. Initial interven-
tions include avoiding hypertension (to minimize the 
risk of bleeding from suture lines or cannulation sites), 
giving additional protamine (25–50 mg) to neutralize 
the effects of any remaining heparin, administering 
intravenous DDAVP (at a dose of 0.3 mcg/kg) to poten-
tially correct some platelet dysfunction (which is the 
most common cause of coagulopathic bleeding after 
cardiopulmonary bypass), and transfusing products to 
correct coagulopathy (platelets, FFP, cryoprecipitate). 
The use of Factor VII for hemostasis is controversial as 
there is the potential to thrombose fresh bypass grafts. 
Some surgeons recommend the use of high levels of 
positive end-expiratory pressure (PEEP) (up to 20 cm 
H2O) to “tamponade” bleeding.

Cardiac tamponade in the postoperative setting may 
manifest itself in the classic manner, with elevated 
right heart pressures, jugular venous distention, and 
shock. This complication should be suspected if chest 
x-ray shows a widened cardiac silhouette, if there is 

decreased cardiac output with no apparent cause, or 
by equalization of right-sided filling pressures [13]. 
Postoperative echocardiography may also be used to 
identify early tamponade (presence of a moderate to 
large pericardial effusion with compression of the right 
atrium and ventricle) [13]. The unstable patient in extre-
mis from suspected tamponade should undergo imme-
diate reopening of the chest at the bedside.

28.3.2 Atrial Fibrillation

Postoperative atrial fibrillation may be the most com-
mon complication after cardiac surgery, with an overall 
incidence greater than 25% [14]. The incidence is lower 
for isolated coronary bypass operations and higher for 
valve surgery and combined coronary/valve proce-
dures. Hypokalemia and hypomagnesemia are particu-
larly common after cardiac operations, and both are risk 
factors for arrhythmia [15]. Therefore, repletion of these 
electrolytes is important in maintaining a normal sinus 
rhythm after surgery. In addition, particularly when 
bicaval cannulation is used, surgeons must take care 
not to manipulate the junction of the superior vena cava 
with the atrium, as this is where the sinoatrial node is 
located.

Hemodynamically unstable patients should be treated 
with immediate cardioversion. For hemodynamically 
stable patients, standard pharmacological approaches 
for rate control and conversion are used first, followed 
by elective cardioversion if needed. Persistent atrial 
fibrillation may necessitate anticoagulation with hepa-
rin and warfarin.

TABLE 28.2

Causes and Risk Factors for Postoperative Bleeding

Preoperative factors
Reoperation
Preoperative anticoagulation

Antiplatelet agents
Thrombolytic agents

Cyanotic heart disease
Liver dysfunction
Coagulation disorders

Von Willebrand’s disease
Uremia

Intraoperative factors
Inadequate surgical hemostasis (most common cause)
Long pump run
Core cooling to <32°C
Coagulation impact of bypass

Platelet dysfunction or depletion
Residual heparin effect
Fibrinolysis
Excessive use of cell-saver blood
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28.3.3 Heart Block

Bradycardia and heart block are usually transient and 
can be managed by pacing with temporary leads placed 
at the time of surgery. The rate can be varied, but the 
target is generally 80–90 bpm. The atrioventricular (AV) 
delay should also be individualized, but in general, a 
delay of 150 ms provides the most effective output. A 
shorter delay may more effectively suppress ventricu-
lar arrhythmias. Metabolic or pharmacological causes 
of heart block should be explored, including hypother-
mia, elevated calcium or potassium concentrations, or 
the administration of beta-blockers. In most cases, heart 
block is of short duration, but in a few cases, it may per-
sist for more than a week and a permanent pacemaker 
may be required. The incidence of heart block requiring 
permanent pacemaker placement is about 1.5% [16]. The 
relationship between valve structures and the conduc-
tion system is discussed later.

28.3.4 Stroke

The incidence of stroke after cardiac surgery is about 
5% for isolated coronary bypass surgery and 7%–8% for 
combined coronary/valve procedures [17]. Procedures 
for the ascending aorta and arch have the highest inci-
dence. The majority of strokes are identified within 
48 h of surgery, and the associated mortality rate is 
as high as 40% [17]. Risk factors include preexisting 
carotid disease and atheromatous disease or calcifica-
tion of the aorta. Screening for carotid artery stenosis 
with ultrasound should be routine for older patients 
with heart disease.

Most perioperative strokes are embolic in etiology, 
and the primary source of emboli is the aorta itself. Each 
manipulation of the aorta (cannulation and clamping) 
is associated with the release of echogenically detect-
able material into the cerebral circulation [18,19]. This 
knowledge has led to attempts to avoid manipulation 
of the aorta in patients at risk of emboli, or at least to 
identify disease-free areas of the aorta. However, palpa-
tion is unreliable in detecting lesions, especially if soft 
atheroma is present. The best study for defining ath-
eromatous disease of the ascending aorta is epiaortic 
ultrasound [3]. Attempts to reduce aortic manipulation 
appear to be associated with improved outcomes (e.g., 
off-pump bypass, bypass during fibrillatory arrest, cir-
culatory arrest, and use of endoaortic balloon occlusion) 
[20]. Femoral cannulation should be avoided in patients 
with evidence of descending aortic disease as this may 
also send emboli into the cerebral circulation. In this 
regard, subclavian or innominate artery cannulation 
has the advantage of moving any potential debris into 
the distal aorta rather than to a location that could affect 
the brain [20].

28.3.5 Peripheral Nerve Injuries

Brachial plexus injury occurs after sternotomy in 
6%–15% of cases [21]. The precipitating event is com-
pression of the lowest roots of the brachial plexus by the 
first rib during excessive retraction. The most common 
symptoms of this injury are paresthesias of the ring and 
small fingers, with weakness in nearly one-third and 
pain in 26% of cases [22]. Brachial plexus injuries can 
be prevented by carefully expanding the sternal retrac-
tor and by avoiding excessive spreading at the superior 
aspect of the incision [23]. More than 90% of complaints 
will resolve within 3 months, and therapy is generally 
supportive [22].

Phrenic nerve injury can occur during mobilization 
of the internal mammary artery, but more commonly 
results from “cold” injury. One study noted diaphrag-
matic elevation in 73% of patients when phrenic nerve 
protection (with a pad or sponge) was not used, but in 
only 17% of patients when it was used [24]. The predom-
inant impact is on postoperative respiratory function. 
In general, therapy is supportive, but recovery usually 
takes several months.

Recurrent nerve injury most commonly occurs after 
operations on the descending aorta. It affects as many as 
10% of patients who require clamping of the aorta proxi-
mal to the left subclavian artery [25]. The best method of 
preventing recurrent nerve injury is avoiding excessive 
traction on the vagus nerve proximal to the origin of the 
recurrent nerve. Approximately half of traction injuries 
will resolve within 6 months, but if hoarseness or inef-
fective cough presents a problem, medialization of the 
vocal cord may be required.

28.4  End-Organ Complications of 
Cardiopulmonary Bypass

28.4.1 Respiratory Complications

Cardiopulmonary bypass is associated with a number 
of deleterious effects on all organ systems, leading to 
increased morbidity and mortality rates and longer 
hospital stays. These effects are mediated by a combi-
nation of inflammatory changes, lack of pulsatile flow, 
and microemboli [26]. The incidence of lung injury with 
cardiac surgery is 12%, and the incidence of acute respi-
ratory distress syndrome is 1.3% [27]. Acute lung injury 
after cardiopulmonary bypass is noted by an increased 
alveolar–arterial oxygenation gradient, intrapulmonary 
shunting, pulmonary edema, decreased pulmonary 
compliance, and increased pulmonary vascular resis-
tance. Clinically, lung injury manifests itself as pro-
longed intubation after surgery. The perioperative use 
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of steroids does not reduce the incidence of lung injury, 
but leukocyte depletion through the arterial line filter of 
the pump and heparin-coated bypass circuits have been 
shown to limit pulmonary dysfunction [26].

Ventilator-associated pneumonia occurs in about 5% 
of patients after cardiac surgery and carries a mortality 
rate of 45% [28]. Risk factors for pneumonia include smok-
ing within 6 weeks of surgery, diminished pulmonary 
function, and gastroesophageal reflux. Postoperative 
risk factors include ventilation for more than 48 h, 
phrenic nerve injury, and severe pain that limits deep 
inspiration and coughing. The most common infectious 
agents are gram-negative rods and gram-positive cocci. 
Initial therapy consists of antibiotics, physiotherapy, 
and frequent nasotracheal suctioning. If the infection 
does not respond to antibiotic therapy, bronchoscopy 
with endobronchial sputum samples should be con-
sidered to determine whether antibiotic resistance has 
occurred [29].

28.4.2 Renal Failure

Renal failure occurs in 1%–2% of patients who undergo 
cardiopulmonary bypass [30]. Risk factors include age 
greater than 70, decreased preoperative renal function, 
diabetes, congestive heart failure, and prolonged pump 
run [30]. Patients who are at a high risk of renal failure 
may benefit from the maintenance of perfusion pres-
sures greater than 80 mm Hg and from continuation of 
“renal” doses of dopamine postoperatively. Evidence 
of poor renal function should prompt evaluation of 
cardiac output. Ideally, the administration of vasopres-
sors should be discontinued or minimized. Once renal 
insufficiency occurs, therapy should be directed at con-
verting the kidneys from oliguric to nonoliguric fail-
ure. Furosemide as an intravenous bolus and drip may 
improve renal function in patients with acute tubular 
necrosis.

28.5 Infectious Complications

28.5.1 Sternal Wound Infections and Mediastinitis

Superficial sternal wound infections usually present 
with serosanguineous drainage, with or without asso-
ciated cellulitis. In general, initial management of ster-
nal wound infections includes sterilizing the wound 
topically (with betadine or chloraprep) and obtaining 
cultures of any drainage. Unlike wound infections of 
incisions elsewhere on the body, the sternotomy inci-
sion is not managed by opening the wound at the bed-
side. Broad-spectrum antibiotics against gram-positive 

and gram-negative organisms are given until culture 
results determine a more specific antibiotic selection. 
If there is any sternal instability or suspicion for deep 
sternal wound infection, the wound must be reexplored 
in the operating room. If infection is limited to subcu-
taneous tissues above the level of the sternum and pec-
toralis major fascia, the wound may be treated initially 
with negative pressure (i.e., wound vacuum) and then 
delayed closure.

Deep sternal wound infection and mediastinitis affect 
1% of patients after cardiopulmonary bypass and ster-
notomy [31,32]. Mortality rates range from 20% to 40%; 
and in many cases, death is due to persistent sepsis or 
catastrophic hemorrhage from exposed grafts or the 
right ventricle [32]. A number of risk factors have been 
determined (Table 28.3), but a crucial factor is the tech-
nique used for sternotomy—whether the division leaves 
one side too thin or the sternal closure leaves some 
mobility. Administration of antibiotics prophylactically 
is routine and often continued for 24–48 h postopera-
tively, but there is no clear evidence that this reliably 
prevents mediastinitis. Most cases develop within 
2 weeks of the initial surgery. Signs and symptoms can 
vary from mild malaise and low-grade fever to frank 
sepsis with obvious purulent drainage from the ster-
nal incision. A new sternal “click” is a serious finding 
that implies sternal instability. Computed tomography 
(CT) scans of the chest may show fluid collections and 
minor sternal separation, but these are often normal 
early findings after bypass. CT-guided needle aspira-
tion may be useful if it excludes the diagnosis of deep 
infection, thereby allowing treatment of a minor super-
ficial collection.

TABLE 28.3

Risk Factors for Development of Postoperative 
Mediastinitis

Preoperative risk factors
Preexisting infection (particularly dental)
Poorly controlled diabetes
Immunocompromise
Preoperative ventilation
Malnutrition

Intraoperative risk factors
Contamination
Prolonged pump run
Transfusion of more than four units of blood
Use of both internal mammary arteries (especially if patient 
has diabetes)

Thin sternal plates
Postoperative risk factors

Prolonged ventilator dependence
Malnutrition
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If wound drainage is accompanied by sternal instabil-
ity, or if a diagnosis of mediastinitis is suspected on the 
basis of clinical findings, the wound should be surgi-
cally explored. All necrotic tissue, including bone, must 
be debrided. If the patient’s clinical condition is stable, 
if fungal or staphylococcal infection has been ruled out, 
and if the bone and surrounding tissues are pliant and 
have a relatively normal appearance, a reasonable option 
is to attempt closure over an irrigation system. A number 
of irrigation solutions have been used, including saline, 
iodine, and antibiotic solutions (e.g., first-generation ceph-
alosporins, at a total dose of 1–2 g/L given at a rate of 
50 cc/h) [33]. The irrigation can be modified on the basis 
of subsequent cultures, but this procedure is carried out 
until all signs of infection are gone and the effluent is clear.

Patients who are immunocompromised, who have 
grossly purulent infections, who have necrotic bone, 
or who have staphylococcal or fungal infections should 
undergo closure with vascularized tissue, usually pec-
toralis or rectus muscle flaps [34]. This treatment may 
also be necessary for all patients with mammary artery 
grafts and those for whom more conservative measures 
have failed. If sepsis is present, temporization with an 
open dressing or wound vacuum for frequent surgical 
reexploration may be an option.

28.5.2 Saphenous Vein Harvest Site Infections

Wound infections involving saphenous vein harvest 
sites occur in 1%–3% of patients [35]. Risk factors for 
vein harvest site infections include diabetes, obesity, 
preoperative anemia, peripheral vascular disease, and 
low cardiac output. Endoscopic vein harvesting tech-
niques are associated with lower wound complication 
rates, but long-term vein patency rates have been found 
to be lower [35,36]. Superficial cellulitis involving leg 
incisions can be treated with compresses, elevation, 
and antibiotics, but if deeper infection is suspected, the 
wound must be opened to allow for effective drainage 
and clearance of infection. Gram-positive organisms are 
the most common cause of infection.

28.6  Technical Complications 
of Valve Surgery

28.6.1 Aortic Valve

A normal aortic valve has three leaflets (left, right, and 
noncoronary), and the anatomy of the valve in relation 
to subvalvular structures presents several technical 
complications to avoid [37]. The fibrous subaortic cur-
tain, which represents a continuity between the aortic 

valve and the anterior mitral valve leaflet, is located 
beneath the commissure between the left and noncoro-
nary leaflets. The left bundle of His (part of the conduc-
tion system) is located beneath the commissure between 
the right and noncoronary leaflets. The interventricular 
septum is found below the annulus of the right coro-
nary leaflet. Portions of the right atrium and the left 
atrium are also in contact with the annulus along the 
noncoronary leaflet.

Calcification of the valve and annulus is common, and 
careful debridement is often required for aortic valve 
replacement. Extensive calcification can extend onto the 
anterior mitral leaflet and excessive debridement can 
cause detachment of the anterior mitral leaflet from the 
subaortic curtain [38]. If detachment occurs, the anterior 
mitral valve leaflet must be resuspended by placing pled-
geted sutures through the anterior mitral leaflet, then 
through the aortic annulus, and finally through the cuff 
of the aortic valve prosthesis. Annular perforation into 
adjacent structures, if recognized, is treated similarly.

Paravalvular leaks after valve replacement are rare. If 
recognized postoperatively and the leak is large or asso-
ciated with symptoms or evidence of ventricular strain, 
early reoperation should be performed [39]. In many 
instances, only simple sutures will be required, without 
the need for valve removal and re-replacement.

When procedures are performed for endocarditis, 
debriding all necrotic tissue is crucial, even if aorto-
ventricular discontinuity results. In many (if not most) 
circumstances, aorto-ventricular discontinuity is antici-
pated and a homograft is used to reconstruct the aor-
tic root. The coronary “buttons” resuspended from the 
new root should be placed to prevent kinking of the cor-
onary artery. Acute coronary occlusion may manifest 
as poor ventricular function when attempts are made 
to wean the patient from bypass; however, in the post-
operative period, this complication often causes acute 
ischemia involving the specific coronary distribution. 
Acute coronary occlusion requires immediate reevalu-
ation by echocardiography, with a low threshold for 
re-exploration.

The AV conduction system can be damaged by the 
placement of sutures deep into the septum beneath the 
commissure of the noncoronary and right coronary 
cusps or by extensive decalcification in the same area. 
However, in many instances, such damage is due to 
edema or mechanical injury and will resolve without 
surgical treatment. Temporary pacing is usually tried 
for as long as 7–10 days before a permanent pacemaker 
is recommended [16].

28.6.2 Mitral Valve

Structures at risk for injury during mitral valve repair or 
replacement include the circumflex artery, the coronary 



301Complications of Cardiac Surgery and Trauma

© 2008 Taylor & Francis Group, LLC

sinus, the AV node, and the left and noncoronary leaflets 
of the aortic valve [37]. The circumflex artery runs par-
allel and deep along the left half of the annulus of the 
posterior mitral valve leaflet. The coronary sinus runs 
parallel and deep along the right half of the annulus of 
the posterior mitral valve leaflet. The AV node is located 
in the area between the right trigone and the midpoint 
of the annulus of the anterior mitral valve leaflet. The left 
and noncoronary leaflets of the aortic valve are at risk 
for injury along the annulus of the anterior mitral valve 
as both of these leaflets are adjacent to the subaortic 
curtain of aortic valve to mitral valve continuity. Given 
all of these close anatomic relationships, excessively 
deep sutures in the mitral annulus can cause serious 
injury, usually manifesting as low cardiac output, isch-
emic changes, or both as the patient is weaned from 
bypass or during the early postoperative period. Injury 
to the circumflex artery will usually require coronary 
bypass. Injury to the conduction bundle may respond 
to removal of the offending sutures but may also ulti-
mately require pacemaker placement. New aortic regur-
gitation after mitral valve surgery is indicative of injury 
to the aortic valve and will require opening the aorta 
to inspect the aortic valve before determining repair. 
Repair may entail revising the mitral annular sutures 
affecting the aortic valve or proceeding with aortic 
valve replacement if injury is severe.

Left ventricular rupture is a rare complication of 
mitral valve replacement. When occurring along the 
posterior AV groove, it results in catastrophic AV sepa-
ration. Risk factors include annular resection, forceful 
traction on the mitral valve apparatus, extensive decal-
cification, placement of an oversized valve, or elevation 
of the apex of the heart after valve replacement [40]. LV 
rupture is noted acutely after coming off bypass as a 
posterior jet of blood or a rapid welling of blood from 
behind the heart. Repair must be performed with the 
patient back on cardiopulmonary bypass because any 
attempt to elevate the full, beating heart will result in 
extension of the injury. Repair requires removal of the 
valve, placement of a pericardial patch to reestablish the 
LV endocardium, and re-replacement of the valve [40]. 
Even with early recognition and repair, the mortality 
rate is 50% [40].

28.6.3 Tricuspid Valve

The most relevant complication associated with tricus-
pid valve surgery is heart block. While the overall inci-
dence of heart block requiring a permanent pacemaker 
in cardiac surgery is 1.5% [16], heart block after tricuspid 
valve replacement occurs in more than 20% [41]. The AV 
node lies within the triangle of Koch, which is bounded 
by the coronary sinus, the tendon of Todaro, and the 
septal leaflet of the tricuspid valve. Sutures should not 

be placed in this area. Acute heart block that is recog-
nized at the time of operation should be managed by 
replacing any potentially offending sutures. Although 
persistent heart block after tricuspid valve annuloplasty 
can be managed with a percutaneous pacemaker, stan-
dard percutaneous endovenous leads from the subcla-
vian vein into the right ventricle cannot be placed after 
valve replacement. Patients with heart block after valve 
replacement will require placement of epicardial leads 
on the surface of the ventricle.

28.7 Complications in Cardiac Trauma

28.7.1 Acute Aortic Transection

Most patients (80%–90%) with acute aortic transection 
will not reach the hospital alive. Of the patients who 
initially survive in the field, the in-hospital mortality 
remains greater than 30% [42]. Acute aortic transec-
tion happens when rapid deceleration and sheer forces 
cause trauma at fixed points of the aorta. This mecha-
nism occurs in motor vehicle collisions and most often 
involves the aortic isthmus just past the takeoff of the 
left subclavian artery. Patients who make it to the hospi-
tal will have a contained rupture of the aorta. The acute 
management of these patients begins with the use of an 
esmolol drip for “anti-impulse” therapy and blood pres-
sure control, but critical extrathoracic hemorrhage from 
pelvic or intra-abdominal sources must be treated first. 
Also, intracranial trauma must be taken into consider-
ation as proceeding with emergent repair of an aortic 
transection (which requires systemic heparinization) in 
the context of intracranial bleeding will be futile.

The new paradigm in the management of patients 
with multisystem trauma is an endovascular stent graft 
placed across the zone of aortic transaction [43]. Most 
commercially available devices require a 1-cm “landing 
zone.” Given the high morbidity and mortality of open 
repair in the patient with multiple other injuries, it has 
become acceptable to proceed with stent placement and 
sacrifice the left subclavian artery. Although flow to the 
left upper extremity will be diminished, it should be 
possible to maintain limb viability until a left carotid 
to left subclavian bypass can be performed when the 
patient is more stable.

The incidence of paralysis after operative repair for aor-
tic transection is as high as 20% [43]. A number of factors 
have been studied, most notably cross-clamp times and 
the use of bypass as opposed to the clamp-and-sew tech-
nique. Zeiger et al. noted that the incidence of paralysis 
increased if cross-clamp times exceeded 35 min [44]. In 
reviewing multiple series, these authors also found that 
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the incidence of paraplegia was 2.9% when bypass was 
used, 7.9% when shunts were used, and 20.4% when the 
clamp-and-sew technique was used [44]. In general, most 
authors recommend limiting clamp times to less than 
30 min and favor the use of centrifugal left heart bypass.

28.7.2 Penetrating Cardiac Injuries

In most cases, penetrating cardiac injuries require a tech-
nically simple repair, whereas blunt injuries are usually 
managed by supportive measures alone. Complex inju-
ries, usually defined as those involving the coronary 
arteries, the valves, or the ventricular septum, have been 
reported in as many as 10%–20% of clinical reviews [45]. 
Most cardiac injuries are not detected acutely, especially 
those caused by blunt injury. The management of these 
injuries depends upon the overall condition of the patient 
and on the ability of the heart to provide adequate output.

A serious problem that must be avoided is failure to 
recognize the injury. Patients who arrive at the emer-
gency department in shock may transiently respond to 
volume expansion, and this response may cause the mis-
taken belief that severe injury is unlikely. If hypotension 
persists or recurs, central venous pressure increases, or 
a widened mediastinum is detected in association with 
penetrating injury, surgical exploration with a pericar-
dial window or sternotomy is urgently required [46]. 
After either blunt or penetrating injury, patients who 
are in stable condition with only subtle signs of injury 
but who require repeated volume boluses should at 
least undergo urgent transthoracic echocardiography 
[47]. Small fluid collections require further investiga-
tion with a pericardial window. If a large hemothorax 
is present in continuity with the pericardium, echocar-
diography may not be able to reliably distinguish intra-
pericardial from extrapericardial clot [47]. Once again, 
further investigation with a pericardial window may be 
needed. CT scans of the chest, often performed to deter-
mine whether the mediastinum is widened, may show 
blood totally encircling the heart, which should suggest 
the diagnosis of cardiac trauma.

Patients who arrive at the emergency department with 
clinical signs of tamponade, but who have not yet under-
gone intubation, are at risk of acute arrest at the time of 
intubation. This acute decompensation is the result of a 
loss of preload from venodilation with anesthesia, high 
intrathoracic pressures from overzealous ventilation, 
or systemic vasodilatation from hyperventilation and 
anesthetic agents. Draining the pericardium, preferably 
with ultrasound guidance, just before attempting intu-
bation substantially reduces the risk of acute arrest.

If cardiac injury is suspected, sternotomy best exposes 
the heart and the proximal great vessels. However, a 
resuscitative left thoracotomy is often performed in 
the emergency department for the patient in extremis. 

If injury to the great vessel or the ascending aorta 
is known or suspected, dissection should be started 
within the pericardium. This method will allow for 
proximal control before the site of injury is entered. If 
there is a large injury to the ascending aorta and car-
diac arrest and cardiopulmonary bypass are not imme-
diately possible, controlling hemorrhage by performing 
caval occlusion will allow the heart to beat while it is 
empty. In this way, visualization of the injury site will 
be improved so that at least initial sutures can be placed.

Mural lacerations can be controlled by finger pressure, 
followed by the placement of sutures. The atria can be 
clamped and can usually be easily repaired with direct 
sutures. Ventricle lacerations are usually controlled 
with pledgeted horizontal mattress sutures. Injuries 
to the right atrium adjacent to the ventricle should be 
approached with caution because the proximal right 
coronary artery lies in the groove between these cham-
bers and can be inadvertently occluded.

Penetrating coronary artery injuries are usually 
treated by simple ligation [45,46]. More complex treat-
ment is needed, however, for patients with injuries to 
the proximal left anterior descending coronary artery 
and for patients with any injury to a proximal coronary 
artery that is clearly associated with substantial myo-
cardial ischemia. Off-pump bypass or primary repair 
may rarely be used, although cardiopulmonary bypass 
provides the opportunity to rewarm the patient and to 
correct metabolic derangements [45,46]. Blunt traumas 
can rarely lead to coronary thrombosis, which is usu-
ally detected by ECG changes that prompt angiogra-
phy. In general, expectant management is employed. 
Myocardial infarction is a late complication of pene-
trating cardiac trauma, and there also appears to be an 
increased association between these injuries and the 
formation of ventricular aneurysms.

Late complications include a variety of cardiovascu-
lar fistulae. Most cardiovascular arteriovenous fistulae 
occur after stab wounds. Virtually all of these fistu-
lae can be detected by the presence of a “machinery” 
murmur within 1 week of injury. Innominate arte-
riovenous fistulae are the most common and require 
repair or grafting of the artery. Coronary artery fistu-
lae, usually to the right ventricle, present with ischemia, 
cardiomyopathy, subacute bacterial endocarditis, pul-
monary hypertension, or some combination thereof [48]. 
Treatment involves either ligation of the fistula alone or, 
more commonly, ligation of the coronary artery and 
coronary bypass [48]. Aorto-cardiac fistulae most com-
monly involve the aorta just above the right coronary 
cusp and connect to the right ventricle. Congestive heart 
failure is often the presenting picture. Aorto-cardiac 
fistulae and aorto-pulmonary artery fistulae that can 
occur just above the aortic valve are closed by patching 
while the patient is on cardiopulmonary bypass.
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28.7.3 Blunt Cardiac Injuries

Blunt cardiac injuries include contusions and valve 
rupture. Cardiac contusion has been linked to a vari-
ety of complications, including cardiogenic shock, life-
threatening dysrhythmia, and late myocardial wall 
rupture. Contusion differs from myocardial infarction 
in that infarction causes cell necrosis, whereas contu-
sion involves various degrees of hemorrhage but does 
not invariably lead to cell death. Valve rupture (aortic, 
mitral, or tricuspid) may be suggested by the presence 
of a new murmur and heart failure.

ECG and serial cardiac enzymes vary in sensitivity 
and specificity for both diagnosis and risk stratification. 
When patients with cardiac trauma are admitted to 
the hospital, neither normal nor abnormal findings on 
ECG reliably predict or preclude the presence of cardiac 
injury. Cardiac enzymes alone do not predict the like-
lihood of complications and do not appear to be clini-
cally useful [49]. Transthoracic echocardiography (TTE) 
is a rapid and noninvasive method of identifying wall 
motion abnormalities, effusions, or valvular damage. 
Transesophageal echocardiography (TEE) is more labor 
intensive than TTE, but its results are more accurate.

All patients with blunt or penetrating cardiac trauma 
should undergo early elective TEE or TTE because many 
of them will have unrecognized intracardiac injuries. 
Delayed complications after blunt trauma, such as 
valvular dehiscence, myocardial dissection, coronary 
thrombosis, ventricular aneurysm, septal defect, and 
intraventricular thrombosis, usually occur within the 
first few weeks after injury. Follow-up echocardiog-
raphy should therefore be performed after any docu-
mented blunt or penetrating injury.

28.7.4 Acute Pericarditis

Inflammatory reactions after cardiac surgery have been 
reported to occur in about 20% of adult patients [50]. The 
incidence is higher with penetrating cardiac trauma. 
The cause of post-op pericarditis is believed to be a 
post-injury autoimmune reaction that directs antibod-
ies against the myocardium or the pericardium [50]. In 
addition, the introduction of blood into the pericardium 
may cause an inflammatory response. The predominant 
clinical features are recurrent low-grade (38°C–40°C) 
fever and pleuropericardial. The pain is aggravated by 
inspiration, recumbency, and twisting the torso. These 
symptoms usually occur days to weeks after the injury. 
Exudative nonhemorrhagic pericardial effusions leading 
to tamponade are rare. A pericardial friction rub may be 
heard until the effusion reaches a volume large enough 
to cause muffled heart sounds. Echocardiography is the 
most specific diagnostic method. It will not only docu-
ment the effusion but may also demonstrate pericardial 

thickening, a sign consistent with inflammation. 
Progressive tamponade is demonstrated initially by col-
lapse of the right atrium and subsequently by collapse 
of the right ventricle during diastole. Both findings are 
concerning for impending tamponade, and emergent 
drainage by pericardiocentesis or pericardial window 
is indicated. In most instances, pericarditis is a self-
limiting condition. Initial treatment, in the absence of 
tamponade, includes the administration of anti-inflam-
matory agents. Acetylsalicylic acid is often effective, but 
if relapses occur, steroids may be required.

28.7.5 Suppurative Pericarditis

Suppurative pericarditis usually occurs after penetrat-
ing injury. The diagnosis should be suggested by a his-
tory of penetrating injury coupled with a progressively 
septic course. Echocardiography, chest radiography, 
or CT may demonstrate air fluid levels, loculations, or 
both around the heart. If the diagnosis is uncertain, 
pericardiocentesis may confirm it. Operative interven-
tion involves wide debridement and drainage, ideally 
through a left anterolateral thoracotomy. Dividing the 
sternum should be avoided so as to reduce the risk of 
sternal osteomyelitis.

28.7.6 Constrictive Pericarditis

Constrictive pericarditis is quite uncommon after 
trauma; its occurrence is generally related to the effect 
of blood in the pericardial cavity. This complication may 
occur weeks after the event, but its occurrence is more 
common years later. Constrictive pericarditis is uncom-
mon after elective cardiac procedures, possibly because 
the pericardium is left widely open after elective cases. 
When this complication does occur, especially years 
after the inciting event, extensive calcification is the rule. 
The diagnosis of constrictive pericarditis is based on 
clinical features of elevated systemic venous pressures 
(including jugular vein distension, pedal edema, and 
hepatic engorgement) and is confirmed by echocardiog-
raphy or by measuring chamber pressures at the time 
of catheterization. Treatment requires pericardial resec-
tion, removing or “cobble-stoning” the pericardium 
from both phrenic nerves laterally, opening the roots of 
the pulmonary artery and aorta, and ensuring that both 
cavae are decompressed. Decompressing these vessels 
may be limited, in cases of severe calcification, to crack-
ing open the anterior surfaces. The left heart should be 
decompressed first. This maneuver will prevent acute 
pulmonary edema that might occur if the right heart 
was decompressed before the left ventricle was suffi-
ciently freed, to allow it to accept the sudden increase 
in volume from the pulmonary circuit. If pericardial 
resection is performed after coronary artery bypass, the 
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status and location of the grafts must be documented, 
and preparations must be made for possible regraft-
ing in the event that a patent graft is injured. Relative 
dilation and congestive heart failure may occur postop-
eratively. These problems can be managed by admin-
istering diuretic drugs and digitalis, but the problems 
may also reflect a degree of underlying cardiomyopathy.

Complications of Cardiac Surgery and Trauma

Complications Incidence (%) References

Iatrogenic aortic dissection <0.1 [1,2]
Coronary sinus rupture <0.1 [4,5]
Systemic air embolism <0.1 [6–8]
Re-exploration for bleeding 3 [11]
Tamponade 2 [13]
Atrial fibrillation 26.7 [14]
Heart block requiring permanent 
pacemaker placement

1.5 [16]

Stroke 5–9 [17]
Brachial plexus injury 6–15 [21–23]
Phrenic nerve injury 17% with an 

insulating pad, 
73% without

[24]

Recurrent laryngeal nerve injury 10 [25]
Ventilator-associated pneumonia 5 [28]
Renal failure 1–2 [30]
Deep sternal wound infection 
and mediastinitis

1–2 [31,32]

Saphenous vein harvest site 
infection

1% for 
endoscopic 
harvest, 3% for 
open

[35,36]

Technical complications of aortic 
or mitral valve surgery

<1 [37–40]

Paralysis associated with repair 
of aortic transection

20 [43,44]

Acute pericarditis 20 [50]

How to Avoid Complications of Cardiac Surgery and Trauma

Complications Method of Avoidance References

Iatrogenic 
aortic 
dissection

Evaluation of the ascending aorta 
for calcifications and atheromatous 
disease

[3]

Coronary 
sinus rupture

Guided retrograde cannula 
insertion, confirmation of 
retrograde cannula position, 
coronary sinus pressure 
monitoring

[4,5]

Systemic air 
embolism

Systematic check of the 
cardiopulmonary bypass circuit to 
exclude potential sources of air, 
initial de-airing of the heart before 
cross-clamp removal, additional 
de-airing of the heart through the 
antegrade cannula before weaning 
off bypass

[6–8]

Complication Method of Avoidance References

Re-exploration 
for bleeding

Pre-op risk stratification, correction 
of coagulopathy

[11–13]

Tamponade Correction of coagulopathy, 
frequent stripping of mediastinal 
tubes, echocardiography to assess 
for pericardial effusion, early 
re-exploration for bleeding

[11–13]

Atrial 
fibrillation

Correction of hypokalemia and 
hypomagnesemia, post-op use of 
beta-blocker

[14,15]

Heart block 
requiring 
permanent 
pacemaker 
placement

Correction of metabolic and 
pharmacologic disturbances, careful 
placement of sutures in valve 
surgery with attention to location of 
conduction system pathways

[14–16]

Stroke Carotid screening, evaluation of the 
ascending aorta for calcifications 
and atheromatous disease, 
techniques that avoid 
manipulation of aorta

[3,20]

Brachial plexus 
injury

Gradual opening of the chest with 
sternal retractor, avoiding 
excessive retraction and rib 
fractures

[21–23]

Phrenic nerve 
injury

Use of an insulating pad [24]

Recurrent 
laryngeal 
nerve injury

Avoiding excessive traction on the 
vagus nerve proximal to the 
takeoff of the recurrent nerve

[25]

Ventilator-
associated 
pneumonia

Smoking cessation, extubation 
within 48 h, pain control, incentive 
spirometry, breathing treatments, 
chest physiotherapy, early 
ambulation

[28]

Renal failure Maintain higher perfusion 
pressures during cardiopulmonary 
bypass for high-risk patients, 
convert from oliguric to 
nonoliguric with IV diuretics

[30]

Deep sternal 
wound 
infection and 
mediastinitis

Dividing the sternum precisely at the 
midline, avoiding bilateral internal 
mammary artery use, diabetic 
control, optimizing nutrition, 
minimizing blood transfusion, 
irrigation systems, muscle flaps

[31–34]

Saphenous 
vein harvest 
site infection

Harvesting by endoscopic 
technique

[35,36]

Technical 
complications 
of aortic or 
mitral valve 
surgery

Avoiding excessive annular 
debridement, attention to depth of 
placement of annular sutures, 
minimizing traction or lifting of 
the heart

[37–40]

Paralysis 
associated 
with repair of 
aortic 
transection

Limiting clamp-and-sew time to 
less than 30 min, use of a shunt, 
left heart bypass

[43,44]

Acute 
pericarditis

Anti-inflammatory medications [50]
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29.1 Introduction

Venous thromboembolism (VTE) is a common and 
potentially lethal complication of trauma and surgery. 
VTE includes two main clinical conditions: deep venous 
thrombosis (DVT) and pulmonary embolism (PE). PE 
is commonly the result of DVT, and it is customary to 
consider both of these conditions as components of VTE 
syndrome. There are many similarities in pathophysi-
ology, prophylaxis, and treatment. This chapter will 
summarize current knowledge about the incidence, diag-
nosis, prophylaxis, and treatment of these complications.

29.2 Deep Venous Thrombosis

29.2.1 Overview

DVT is a serious complication of surgery and trauma, 
with an annual incidence of 350,000 cases per year and 
100,000 deaths due to VTE each year.1,2 DVT usually 
involves the veins of the lower extremity such as iliac, 
deep femoral, popliteal, and calf veins. Thrombus for-
mation is the result of vessel wall injury that results in 

activation of the coagulation cascade (direct and indi-
rect pathways) and accumulation of platelets and fibrin. 
The pathogenesis of VTE is thought to involve the com-
ponents of Virchow’s triad: endothelial injury, venous 
stasis, and hypercoaguability.3 Over time, this theory 
has evolved to include more specific risk factors such as 
age, obesity, history of malignancy, spinal cord injury, 
and lower extremity fracture. Several risk assessment 
profiles are available to identify patients at increased 
risk for DVT.4,5

29.2.2 Diagnosis

The risk of bleeding from DVT prophylaxis is extremely 
low; however, the reality of its existence and increased 
morbidity in orthopedic patients undergoing joint 
replacement has made DVT prophylaxis in these patients 
a challenge nationwide with the use of low-molecular-
weight heparins (LMWH) due primarily from fear of 
bleeding.

Physical examination is unreliable for the diagnosis 
of DVT, and furthermore, many DVT are asymptom-
atic.6 Diagnosis can be made with several serological 
and imaging methods. The American College of Chest 
Physicians (ACCP) recommends clinically assessing the 
pretest probability of DVT, rather than performing the 
same diagnostic tests in all patients.7
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D-Dimer is a degradation product from the break-
down of cross-linked fibrin. D-Dimer is a useful screen-
ing test and if negative can rule out the diagnosis of 
DVT.8 Increased levels of D-Dimer can also be caused 
by infection, inflammatory disease, pregnancy, malig-
nancy, trauma, burns, and surgery, which limit its clini-
cal utility in surgical and trauma patients.9

Duplex ultrasonography (US) is the most widely used 
method for diagnosing DVT and has a sensitivity and 
specificity of 98% and 98%, respectively.10 Advantages of 
US include being rapid, cost-effective, and noninvasive. 
Diagnosis is made with a combination of techniques 
including B-mode US, color flow Doppler, and assess-
ing the compressibility of vessels. The US probe is used 
to compress the lumen of a vein, and the presence of a 
thrombus prevents compression and is diagnostic for a 
DVT. However, the compression technique is not sensi-
tive in diagnosing DVT below the knee.11 The sensitivity 
of US is also lower in patients with asymptomatic DVT, 
largely due to a higher distribution of DVT in the calf 
veins in these asymptomatic patients.12 US is also sen-
sitive for the diagnosis of upper-extremity DVT, which 
is usually associated with central venous catheters.13 
US screening has been effective in high-risk trauma 
patients14; however, controversy remains and routine US 
screening is not recommended by the ACCP.15

Contrast venography has traditionally been consid-
ered the gold standard for the diagnosis of DVT.16 The 
appearance of a constant intraluminal-filling defect 
on two or more venographic views is diagnostic.17 
However, it is no longer routinely used due to its inva-
siveness, high costs, and high complication rate such as 
contrast-induced nephropathy.18 Combined CT venog-
raphy and CT pulmonary angiography (CTVPA) has 
several advantages such as improved imaging of tech-
nically inaccessible areas (above the inguinal ligament 
and below the knee) and less inter-operator variabil-
ity. However, it is usually limited to an adjunct in the 
diagnosis of PE.19 Contrast venography, CT venography, 
or magnetic resonance imaging (MRI) are not recom-
mended for the diagnosis of lower-extremity DVT.7

29.2.3 Prophylaxis

Appropriate VTE thromboprophylaxis is critical to pre-
vent DVT and PE complications. There are several phar-
macologic and mechanical prophylaxis agents, which 
can be utilized to decrease VTE rates while minimizing 
adverse events such as bleeding.

Heparin was discovered over 90 years ago and has 
long been the workhorse of VTE prophylaxis. Heparin 
binds to antithrombin III, which inhibits a cascade of 
procoagulation factors, especially IIa and Xa. VTE pro-
phylaxis with unfractionated heparin reduces the odds 
of a fatal and nonfatal PE by 47% and 41%, respectively. 

The main adverse effects of heparin are bleeding and, 
rarely, heparin-induced thrombocytopenia (HIT).15

LMWH is a fractionated heparin with fewer penta-
saccharide chains. LMWH has less effect on factor IIa, 
although its inhibitory effect on factor Xa is still sub-
stantial. At this time, there are various LMWH, but the 
two most common products available in the United 
States are enoxaparin and dalteparin. LMWH is more 
expensive than heparin, although its advantages include 
decreased risk of HIT and once-daily dosing in low to 
moderate risk populations. Several studies have reported 
a 30% reduced risk of VTE with LMWH compared to 
heparin, although this difference was not present when 
analysis was restricted to blinded, placebo-controlled 
trials. Therefore, the ACCP recommends major trauma 
patients receive either heparin or LMWH. For general 
and abdominal–pelvic surgery patients at moderate or 
high risk for VTE, the ACCP recommends heparin or 
LMWH for trauma patients although the level of evi-
dence for recommendations by the ACCP has dropped 
from grade 1A to 2C in 2012.15

Direct thrombin inhibitors such as argatroban are 
the newest agents for prophylaxis. In contrast to other 
agents, they do not require a plasma cofactor; rather 
they bind to thrombin and block its enzymatic activity. 
Their main role is for prophylaxis in patients with HIT, 
and their use is limited because no specific antidote is 
available for reversal.20

The fear of postoperative bleeding prompted the 
implementation of lower-extremity compression devices 
ranging from simple elastic compression stockings to 
more sophisticated intermittent pneumatic compres-
sion (IPC) devices. All of these mechanical prophylaxis 
devices are used in an attempt to minimize the effect 
of immobilization and circulatory stasis. Ginzburg et al. 
found no significant differences in DVT rates between 
trauma patients receiving compression devices and 
LMWH.21 However, mechanical prophylaxis is only rec-
ommended for patients who are at low risk for VTE, or 
for those in which pharmacologic prophylaxis is contra-
indicated due to high risk for major bleeding. IPCs are 
the preferred mechanical prophylaxis devices.15

Inferior vena cava (IVC) filters are discussed in the 
next section but are not recommended for primary VTE 
prevention.15

There are several ongoing areas of research in VTE 
prophylaxis, and recommendations are often chang-
ing. Lin et al. demonstrated decreased VTE rates when 
LMWH is titrated based upon antifactor Xa levels.22 
Clinical trials are underway to examine the utility of 
using thromboelastography (TEG) to guide prophy-
laxis regimens. Improved prophylaxis regimens may 
decrease VTE rates in high-risk patients; however, more 
studies are needed. Another challenging aspect of VTE 
prophylaxis is when to start pharmacologic prophylaxis 
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after traumatic brain injury (TBI). A recent randomized 
clinical trial compared early versus late enoxaparin 
prophylaxis after TBI and found that starting prophy-
laxis 24 h after stable injury was safe.23 More evidence 
is needed to determine if these and other exciting strat-
egies can successfully decrease VTE rates, while mini-
mizing complications.

29.2.4 Treatment

The mainstay of acute DVT treatment is therapeutic 
parenteral anticoagulation. LMWH is recommended 
over intravenous (IV) heparin or subcutaneous heparin. 
LMWH is associated with decreased mortality, lower 
recurrence of VTE, and decreased incidence of major 
bleeding when compared to IV heparin. LMWH also has 
the advantage of easier administration. The dosages of 
subcutaneously administered LMWH differ according to 
the preparations of the individual drugs. However, the 
dose should be adjusted for patients with severe renal 
insufficiency (creatinine clearance < 30 mL/min) to avoid 
bleeding complications. LMWH can also be given once-
daily rather than twice-daily. Intravenous unfraction-
ated heparin can be administered with a weight-based 
or fixed-dose strategy. For the weight-based regimen, an 
initial bolus of 80 units/kg is followed by a maintenance 
infusion of 18 units/kg/h until the patient’s partial 
thromboplastin time (PTT) is 46–70 s. A fixed-dose treat-
ment strategy utilizes a bolus of 5000 units followed by 
a maintenance infusion of 1000 units/h. Both strategies 
have similar outcomes and are both recommended.24

The transition to oral warfarin is often deferred in 
the acutely or critically injured patient. The short half-
life and faster reversal of IV heparin is advantageous in 
this patient population. Additionally, these patients are 
often unable to take oral medications. Long-term anti-
coagulation with oral warfarin [adjusted to achieve an 
international normalized ratio (INR) of 2–3] can safely 
be started on the first or second day after heparin/
LMWH therapy is initiated. Anticoagulation therapy 
should be administered for 3 months for the treatment 
of an acute DVT.25

An IVC filter can be placed for patients with a DVT and 
a contraindication to anticoagulation. These patients 
should be switched to conventional anticoagulation as 
soon as their bleeding risk resolves. More aggressive 
treatment with thrombectomy or thrombolytic therapy 
is usually reserved for cases with complicated, massive 
unresolved ileofemoral thrombosis resulting in phleg-
masia cerulea dolens or alba dolens.

29.2.5 Complications

DVT is a unique topic because, in and of itself, it is a 
complication occurring after surgery and trauma. 

Additionally, complications occur as a result of a DVT. 
The most concerning complication of DVT is a PE, which 
will be discussed in detail in the next section.

Post-thrombotic syndrome is a complication seen 
in as many as 30% of patients with DVT.26 Symptoms 
include pain, leg edema, skin discoloration, and ulcer-
ation. The syndrome occurs when thrombosis dam-
ages or destroys the venous valves, leading to valvular 
incompetence, outflow obstruction, and ultimately 
venous hypertension. The risk of post-thrombotic 
syndrome is highest among patients with recurrent 
ipsilateral DVT.27 Conservative treatment with gradu-
ated compression stockings, weight reduction, and 
continuous nursing care has been shown to reduce the 
symptoms of 30% of patients, but for approximately 
two-thirds of patients, the symptoms did not improve 
or even worsened.28

Another rare but feared complication of severe 
venous outflow obstruction is phlegmasia ceru-
lea dolens. This devastating condition results from 
increased interstitial pressure that compromises tissue 
perfusion and leads to progressive ischemia. The mor-
tality rate associated with this condition is estimated 
to be 30%–40%, with tissue loss appearing in 50% of 
patients. Aggressive treatment with thrombolysis, fas-
ciotomy, and thrombectomy is necessary once antico-
agulation therapy fails.29

The recurrence of DVT despite adequate treatment 
depends on the risk factors of each patient. In a study 
of recurrent DVT, the risk of recurrence approached 
30% after 8 years and was highest among patients with 
malignancy and lowest among those who had suffered 
trauma.30

29.3 Pulmonary Embolism

29.3.1 Overview

PE is often the sequela and the most frequent cause of 
death from a DVT. One of the most devastating experi-
ences for any surgeon is to perform a successful opera-
tion or to repair a complex injury, only to have the 
patient succumb to a massive unexpected PE. Acute PE 
is an unfortunately common and very often fatal post-
operative complication.

PE has an estimated average annual incidence of 
23 cases per 100,000 persons.31 In recent years, there 
has been a rise in the incidence of PE by 60% in sur-
gical admissions from 16.0 to 25.6 per 100,000 US 
adults. However, these changes correlate with the 
introduction of computed tomographic pulmonary 
angiography in 1998. The increased incidence is likely 
related to increased detection of subclinical PEs rather 
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than an increase in the true incidence of symptomatic 
disease.32 Concomitantly, a decrease in age-adjusted 
PE mortality by 3% has been noted, which in part may 
be due to better detection and/or better prophylaxis 
and treatment strategies.

PE most commonly results from thrombi in the lower 
extremity veins proximal to and including the popliteal 
veins. However, half of patients with PE have no detect-
able DVT. The risk factors for PE are similar to those 
for DVT because the two conditions occur at different 
stages of the same disease process.

Autopsy studies performed before prophylactic mea-
sures came into use detected PE in 4%–16% of patients 
who had died of traumatic injury, and PE was consid-
ered to be the direct cause of death in approximately 
half of these patients.33 Currently, PE occurs in approxi-
mately 2% of patients undergoing general surgery with-
out prophylaxis. The use of prophylaxis reduces this 
overall incidence by more than 50%; with prophylaxis, 
PE occurs in less than 1% of patients undergoing general 
surgery and in only 0.3%–2% of patients who have suf-
fered trauma.34 In fact, clinically apparent PE properly 
diagnosed and treated becomes an uncommon cause of 
death.35 The risk of PE for patients undergoing general 
surgery is related to each patient’s risk factors and to 
the nature of the procedure. The risk of PE for patients 
who have sustained trauma is most closely related to the 
severity of the injury and to the presence of specific inju-
ries involving fractures of the spine, skull, pelvis, and 
long bones.36

For trauma patients, 6% of PEs will occur within the 
first day after injury and 25% will occur during the first 
week after injury,37 probably because prophylaxis can-
not be administered to these patients early in their treat-
ment course. Thus, PE is the third most common cause 
of death among trauma patients.

One percent of patients who develop DVT die from 
a PE, resulting in approximately 200,000 deaths annu-
ally. PE, if left untreated, has a mortality rate between 
30% and 40%. However, PE effectively treated with anti-
coagulation has a 70%–90% reduction in mortality.38 
Of those patients who survive the initial event, 1.5% 
will die of recurrent PE within a year and an estimated 
3% will develop chronic thromboembolic pulmonary 
hypertension.24

29.3.2 Diagnosis

Physical examination has a low sensitivity for diagnos-
ing PE, which is underscored by the fact that it is a com-
mon cause of unsuspected death and is often detected 
only during autopsy. PE should be suspected whenever 
sudden, unexplained dyspnea at rest or with exertion 
occurs. All the other “classic signs,” such as pleuritic 
pain and hemoptysis, are nonspecific for diagnosis. 

Other signs and symptoms of PE include low-grade 
fever, pleural rub, orthopnea (>2 pillow), cough, and an 
accentuated second heart sound.

Another important component of the physical exami-
nation is a thorough cardiovascular exam. Whether 
hemodynamic cardiac signs will be evident depends 
on the extent of the embolus and the degree of acute 
right heart dysfunction that ensues. The hemodynamic-
cardiac signs can be mild such as tachycardia and 
lightheadedness, but massive obstruction can cause 
hypotension, cyanosis, neck vein distension, and sud-
den cardiac arrest.

The importance of electrocardiography (ECG) in 
diagnosing PE has declined with the development of 
high-resolution imaging techniques. ECG nevertheless 
remains an important initial tool for the rapid assess-
ment of underlying cardiac etiology for patients with 
hemodynamic instability. ECG changes indicative of 
PE include axis deviation and nonspecific ST-wave and 
T-wave segment abnormalities in the lateral leads. The 
diagnostic pattern of the S1Q3T3 sign, right bundle 
branch block, P pulmonale, and right axis deviation is 
present in only one-third of patients with massive PE 
who exhibit clinical signs of acute cor pulmonale. Other 
nonspecific ECG changes will occur in approximately 
87% of patients with proven PE and no underlying car-
diac disease; however, the other great value of ECG is 
its ability to rule out other sources of chest pain such as 
myocardial infarction.39

Arterial blood gas analysis is one of the first tests 
ordered by most physicians due to the associated dys-
pnea at presentation in patients with suspected PE. 
Hypoxemia is common but is not always present, espe-
cially in young patients with no underlying pulmonary 
pathology. Ten percent of patients with acute PE will 
have no demonstrable hypoxemia.40 In general, hypox-
emia or an elevated alveolar–arterial (a–A) gradient can 
indicate the possibility of PE, but normal values can-
not rule out the diagnosis.41 Hypocapnea secondary to 
tachypnea is common as well as hypercapnea, but these 
are not necessarily diagnostic.

The results of plain chest radiography (CXR) are 
abnormal but nonspecific for most patients with PE, 
except for the rare occasion where PE causes lung 
infarction with its suggestive wedge-shaped consolida-
tion. Other radiographic signs specific for PE include 
the Westermark sign (decreased vascular marking). 
CXR is a valuable diagnostic tool because it can detect 
other pathological conditions that may explain the clin-
ical picture, such as pneumothorax, lobar atelectasis, or 
pneumonia.

The advantages and disadvantages of D-dimer 
assays are the same for patients with suspected PE and 
for patients with suspected DVT. The D-dimer test is 
most useful in hemodynamically stable patients with 



313Venous Thromboembolism and Therapy

© 2008 Taylor & Francis Group, LLC

otherwise a low or intermediate clinical risk for a PE, 
because a negative test can prevent further workup.

For many years, the ventilation/perfusion (V/Q) scan 
has been the cornerstone of the diagnostic work-up for 
suspected PE. The study uses two scans: one after intra-
venous injection of a radioisotope to evaluate lung per-
fusion and the other after inhalation of the radioisotope 
for evaluation of ventilation. The results of the scan are 
read as normal or as demonstrating low, intermediate, 
or high probability of PE depending on the level of V/Q 
mismatch. The main disadvantage is coexisting lung 
disease affects the interpretation of the ventilation scan 
and, to some extent, the perfusion scan. Thus, the diag-
nostic interpretation of V/Q scans is difficult and many 
times its results are interpreted as inconclusive, which 
severely limits its clinical utility.

Pulmonary angiography is the gold standard for the 
diagnosis of PE but is only performed if other less-
invasive tests fail to confirm or rule out diagnosis of PE. 
The procedure begins with catheterization of a central 
vein; the catheter is advanced through the right heart 
to the pulmonary artery. The lobar or segmental arter-
ies should be injected selectively. The presence of an 
intraluminal filling defect on two angiographic views is 
considered diagnostic for PE. Secondary diagnostic cri-
teria are reduced flow, tortuous peripheral vessels, and 
delayed venous phase.42

Because pulmonary angiography is the most inva-
sive method of diagnosing PE, it is associated with the 
highest rate of complications. The risk of mortality and 
serious complications after pulmonary angiography is 
estimated at less than 2% and 5%, respectively.43 Most 
complications are related to the contrast agent and the 
catheterization procedures used, but some critically ill 
patients with pulmonary hypertension and cor pulmo-
nale may experience severe hemodynamic compromise 
and even cardiac arrest.44

Technological advances in CT scanning during 
recent years have increased the use of this diagnos-
tic method. During the past decade, the use of helical 
and multidetector computed tomography pulmonary 
angiography (CT-PA) as part of the diagnostic work-up 
for PE has gained increasing popularity, and in most 
centers, CT-PA has been adopted as the main diagnos-
tic method for patients with suspected PE. CT-PA is 
appealing because it is less invasive than pulmonary 
angiography and because it can also demonstrate other 
pathological conditions of the thorax. The main disad-
vantage of CT-PA is that it only poorly shows peripheral 
areas and horizontally oriented vessels; however, with 
the advent of high-resolution multidetector CT scan-
ners, this may be less of an issue. CT-PA undoubtedly 
misses some peripheral PEs, but the clinical relevance 
of peripheral PEs is uncertain. In the largest study to 
date (PIOPED II), the sensitivity and specificity of CT-PA 

in detecting PEs was estimated at 83% and 96%, respec-
tively.40 Moreover, combination of CT-PA with venous-
phase imaging increased the diagnostic sensitivity of 
this modality to 90%.45

The newest method for diagnosing PE is magnetic 
resonance angiography (MRA). In two prospective 
studies of patients with suspected PE, MRA showed a 
sensitivity ranging between 78% and 83% and a speci-
ficity ranging between 98% and 100%.46,47 MRA imaging 
has not been evaluated in large, controlled studies, and 
there is not enough information to support the routine 
use of this costly method. However, MRA may prove 
useful in patients with iodine contrast allergies or in 
instances where radiation exposure should be avoided 
(i.e., pregnancy).

Although transthoracic or transesophageal echocar-
diography has occasionally demonstrated an embolus 
in the main pulmonary artery, the most common use 
of these studies is to evaluate right heart dysfunction. 
Right heart failure is the most common cause of death 
for patients who suffer a massive PE. Although global 
or regional right ventricle dyskinesia is evident in more 
than 80% of patients with PE, it is nonspecific for diag-
nosis and can be associated with other clinically simi-
lar conditions such as chronic obstructive pulmonary 
disease. The role of echocardiography in diagnosing PE 
remains minimal.

Currently, researchers are investigating new detection 
techniques to more safely diagnose acute pulmonary 
emboli using single-photon emission CT after admin-
istration of monoclonal antibodies that bind to D-dimer 
regions of fibrin.48

The findings are promising thus far, but further inves-
tigation is necessary.

29.3.3 Prophylaxis

Prophylaxis is the first line of defense against VTE. 
Evidence-based clinical practice guidelines stratify sur-
gical patients by risk and offer alternatives for treatment 
and prevention of DVT and PEs15 (refer to Section 29.4 
for details).

29.3.4 Treatment

Therapeutic anticoagulation is the main treatment 
modality for PE. This therapy reduces the risk of proxi-
mal thrombus propagation in the deep vein system and 
in the pulmonary arteries and reduces the risk of recur-
rent PE. Guidelines for the treatment of VTE24 apply to 
patients with DVT and PE (refer to Section 29.5 for details 
regarding suggested treatment guidelines, duration of 
therapy, and therapeutic alternatives). However, some 
exceptions exist. Specifically, for patients diagnosed with 
PE who present with concomitant hypotension, recent 
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guidelines suggest treatment with short (2 h) infusion 
thrombolytic therapy if patients are at low risk for bleed-
ing. Thrombolysis is associated with a reduction in mor-
tality and recurrent PE and is associated with an increase 
in major bleeding in hemodynamically unstable patients 
otherwise refractory to anticoagulant therapy. Patients 
with PE and hypotension who have contraindications 
to thrombolysis, failed thrombolysis, or are likely to die 
due to shock should undergo catheter-assisted embo-
lectomy, and if catheter-assisted embolectomy fails or is 
not available, surgical pulmonary embolectomy should 
be performed24. The most serious risk is bleeding, but 
this should be weighed against the high mortality rates 
experienced by patients with massive pulmonary emboli 
who are in an unstable condition.

There is no universal agreement about the indications 
for IVC filter insertion. Most physicians agree that an 
IVC filter should be placed in patients who have sur-
vived a massive PE but whose cardiopulmonary reserve 
is so limited that another embolic event would be 
devastating. The same holds true for patients who have 
undergone pulmonary embolectomy. Furthermore, 
guidelines support the use of IVC filter in patients with 
a documented PE and absolute contraindication to anti-
coagulation.24 The primary controversy is related to the 
use of an IVC filter as a prophylactic measure for high-
risk patients who have not experienced a documented 
thromboembolic event. Currently, no studies support 
the routine use of IVC filters for these patients as pro-
phylaxis against PE.

IVC filters are inserted percutaneously via a femo-
ral or jugular approach and are commonly positioned 
below the renal veins. The complications associated 
with the use of IVC filters can be early or late. The 
most common early complication is thrombosis of the 
superficial femoral vein; this complication is related 
to the size of the introducer. The recent development 
of introducers with smaller diameters may reduce the 
incidence of this complication. Other early complica-
tions include malpositioning, dislodgement, or tilting of 
the filters. IVC thrombosis occurs in 2%–20% of cases, 
but recanalization will occur within 4 years in almost 
all cases. The most common late complication is DVT. 
About half of patients with permanent IVC filters will 
experience DVT, and most of them will exhibit clinical 
symptoms of venous insufficiency.49 Recurrent PE after 
insertion of an IVC filter has been reported to occur in 
3% of patients, mainly those with chronic hypercoagu-
lable conditions such as cancer.50

The use of retrievable filters has become common-
place, but controversy as to when to remove, as well as 
the low (50%) rate of removal due to patient loss to fol-
low-up, has kept this modality from becoming the gold 
standard.

Catheter-directed embolectomy involves reduction 
of thrombus burden via a catheter by a variety of tech-
niques, including rheolytic embolectomy, rotational 
embolectomy, suction embolectomy, thrombus frag-
mentation, and ultrasound plus thrombolytic agents. 
Currently, there are no large studies or randomized con-
trolled trials to evaluate outcomes using this interven-
tional technique, and the published literature has been 
mostly limited to small case series. The use of these 
techniques is limited to patients with PE, hemodynamic 
instability, and who have contraindications to or have 
failed thrombolytic therapy.24

Another treatment option for patients with massive 
PE whose condition is rapidly deteriorating is surgi-
cal pulmonary embolectomy. This procedure is a valid 
option, especially when thrombolysis has failed or is 
contraindicated, and catheter-directed embolectomy 
has failed or is not available. The mortality rate associ-
ated with this procedure has been reported to be as high 
as 75%. No randomized trial has evaluated the efficacy 
of surgical pulmonary embolectomy in patients with 
PE. Most authorities recommend the placement of an 
IVC filter after embolectomy.

Incidence of VTE-Related Complications

Complications Incidence References

Deep vein thrombosis 0.48 per 1000 Silverstein et al.2

Pulmonary embolus 0.69 per 1000 Silverstein et al.2

Post-thrombotic syndrome 30% Kahn et al.26

VTE recurrence 30% Prandoni et al.30

How to Avoid VTE-Related Complications

Complications Method of Avoidance References

Deep vein thrombosis VTE prophylaxis Gould et al.15

Pulmonary embolus VTE prophylaxis Gould et al.15
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30.1 Introduction

Endovascular procedures have replaced a good num-
ber of open vascular procedures but are associated with 
unique sets of complications. Complications of periph-
eral endovascular interventions can be divided into 
access site complications, systemic complications, and 
procedure-related specific complications. Access site 
complications consist of pseudoaneurysm and hema-
toma formation, external or retroperitoneal bleeding, 
vessel infections, vessel thrombosis, and obstruction 
from the sheath. Systemic complications include aller-
gic reactions and renal dysfunction. Procedure-related 
complications are those brought on by the actual thera-
peutic procedure attempt and include vessel perforation 
or rupture, vessel thrombosis, spasm, distal emboliza-
tion, dissection, recoil, vessel infection, inadequate 
stent deployments, and persistent aneurysm perfusion 
after stent grafting. Complications associated with 
carotid stenting and endovenous procedures will also 
be discussed.

30.2 Access Site Complications

These are the most common complications of periph-
eral interventions. They occur in nearly 2%–6% of cases, 
depending upon the definition used [1,2]. Among access 
site complications, bleeding and hematoma formation 
are the most common [3].

Risks factors for hematoma formation include use of 
anticoagulants, calcified access vessel, sheath exchanges, 
larger sheath sizes, obesity, advanced age, access in the 
superficial or profunda femoral, and female gender. 
Management should consist of manual compression 
when the hematoma is identified in the acute setting. 
Compression adjuncts include the use of a FemStop 
device (St. Jude Medical, Minnesota) or C clamp. An 
ultrasound may be needed to rule out associated pseu-
doaneurysm, or a contrast-enhanced CT scan may be 
needed if there is suspicion of active ongoing bleed-
ing. Transfusion or fluid resuscitation may be required. 
Only a minority of patients will require surgical evacu-
ation. Indications would include ongoing bleeding with 
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hemodynamic compromise, adjacent nerve compres-
sion, and possibly impending skin necrosis. Wound 
complications are common postoperatively.

Pseudoaneurysm formation is likely the second most 
common access site complication. The risk factors are 
the same as for bleeding problems. Faulty compression 
technique and incorrect puncture sites are also risk fac-
tors. Most are identified a day or two following catheter-
ization as a pulsatile lump with a bruit. Management 
options include observation for small lesions given 
a high likelihood of spontaneous resolution in the 
absence of anticoagulants. Active treatment options 
include ultrasound-guided compression of the neck of 
the pseudoaneurysm to induce thrombosis, ultrasound-
guided thrombin injection into the pseudoaneurysm 
to also induce thrombosis, and finally surgical repair. 
Surgical repair is usually reserved for cases having 
failed other management options. Other indications for 
surgical repair include suspicion of infection, continued 
expansion, and adjacent nerve compression.

Retroperitoneal hematoma formation is probably the 
most dangerous of the access site complications and is 
specifically related to femoral access. The most impor-
tant risk factors is a proximal puncture site. Signs may 
be subtle and include flank pain without any groin man-
ifestations. Hemodynamic instability is frequent. A con-
trast-enhanced CT scan is the best diagnostic method. 
Management includes resuscitation as needed, serial 
hematocrit monitoring, and reversal of anticoagulation. 
If these measures do not succeed, open operative repair 
may be needed. An alternative approach is stent graft 
coverage of the leak point from a contralateral approach, 
if the access site is proximal enough.

Arteriovenous fistula formation is a relatively uncom-
mon access site complication [4]. A bruit is the most com-
mon finding. Rarely do they cause high output heart 
failure because of low flows. They have a high incidence 
of spontaneous resolution. Covered stents have lim-
ited applicability because of their risk of fracture and 
thrombosis, especially in the groin. Surgical repair is 
an option for persistent problematic fistulas; scarring is 
often present in the groin.

Access vessel thrombosis may happen when dealing 
with small or diseased vessels, large sheath sizes, vig-
orous compression, prior vessel reconstruction or pros-
thetic graft, or in cases of closure device malfunction. 
It can also happen when no anticoagulation is used, 
and clot develops around the sheath. The incidence is 
about 0.5%. Symptoms of limb ischemia are often evi-
dent following sheath removal. Open surgical inter-
vention is preferred with thrombectomy and arterial 
reconstruction. In other cases, the patient may present 
later with new onset claudication or rest pain.

Pain in the groin can develop after arterial access in 
the absence of vascular complications. It is believed 

to occur due to trauma to the nerve bundle, possibly 
with scar formation. It has a low incidence of 0.2%. An 
ultrasound evaluation is indicated and is often normal. 
Treatment with gabapentin or one of its derivatives can 
be useful in such cases. Injection therapy is reserved for 
refractory cases. Nerve dysfunction is more common 
when brachial or axillary access is used. It can be due 
to nerve compression in the bundle from a hematoma. 
In those cases, open surgical nerve decompression is 
needed to prevent long-term sequelae.

Access vessel infection can rarely happen. It is uncom-
mon in the absence of a hematoma or pseudoaneurysm 
formation or closure device use. An ultrasound should 
be done for evaluation. Antibiotics administration and 
drainage of any abscess is warranted.

Technical tips for avoiding access site complications. It 
is important to try to access the vessel over a bony area 
to facilitate subsequent compression. Too high of a stick 
in the groin predisposes to retroperitoneal hemorrhage 
and too low predisposes to pseudoaneurysm hematoma 
or thrombosis. Visualization of landmarks under fluo-
roscopy is therefore important. It is better to avoid punc-
tures to the posterior wall or access through the lateral 
walls of the vessel since compression becomes problem-
atic. Compression should be sufficient to control bleed-
ing while maintaining forward flow in the vessels.

Vascular closure devices are widely used for hemo-
stasis. Opinions differ as to whether they decrease the 
incidence of local access site complications, and most 
feel that they probably do not. They do, however, allow 
earlier ambulation and potential earlier discharge of the 
patient. They also allow earlier removal of the sheath 
before full reversal of any anticoagulation [5,6]. They 
can still cause any of the complications listed earlier. 
Predisposing factors for complications from closure 
devices include diseased access vessels, especially if 
small, and calcification. Bleeding and pseudoaneu-
rysm formation are still the most common, from clo-
sure device malfunction. Vessel thrombosis is likely 
the second in frequency, with some devices that use 
intra-arterial components being more predisposed to 
that. Vessel thrombosis or narrowing leading to limb 
ischemia is seen more frequently with closure devices 
than with manual compression, with an incidence near-
ing 0.5% [5,7]. Furthermore, they can be associated with 
superficial or deep infection, at a rate higher than seen 
with manual compression. A high index of suspicion for 
those must be kept. In addition to antibiotics, open sur-
gical management may be required, including possibly 
autogenous vessel reconstruction.

Brachial artery access is associated with slightly 
higher risk of complications than femoral access, up to 
6.5% [8]. Thrombosis may happen in up to 2% of cases 
due to the smaller size and vasoreactivity of the artery. 
This usually requires open surgical thrombectomy. 
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Prevention includes use of anticoagulants and injection 
of vasodilators locally through the sheath. Even small 
hematomas in the brachial position may cause median 
nerve compression, with resultant numbness and tin-
gling in the hand. They should be treated by prompt 
surgical decompression.

30.3 Systemic Complications

30.3.1 Renal Failure

The most feared complication is the development of 
renal failure due to contrast-induced nephropathy. It 
typically happens within 48–72 h after contrast expo-
sure and is not attributable to other causes. The most 
common definition in the literature is a 25% increase 
in baseline serum creatinine at 48 h [9]. The risk fac-
tors for this complication include the use of ionic or 
high osmolarity agents, preexisting renal insufficiency 
(GFR <60 mL/min), diabetes, heart failure, dehydration, 
advanced age, concurrent use of nephrotoxic agents, 
hypotension, intra-arterial versus intravenous contrast 
use, and increasing volumes of contrast agent used [10]. 
In patients with normal renal function, the incidence 
is <1%–2%, whereas diabetic patients with preexisting 
insufficiency may have an incidence as high as 10%. 
Hydration is the most important measure for preven-
tion [11]. Some studies support the use of a bicarbon-
ate solution whereas others have found a saline solution 
just as efficacious [12]. Limiting the amount of contrast 
is also important. The use of acetylcysteine mucomyst 
showed initial promise but larger randomized stud-
ies have failed to consistently show a benefit, and even 
meta-analyses published have given different recom-
mendations [9,13].

30.3.2 Allergic Reactions

Allergy to contrast agents is not infrequent (<5%) and is 
treated by premedication with steroids and H1 and H2 
blockers. It can range from a mild rash and wheezing 
to anaphylaxis. Nonionic contrast has a lower incidence 
and should be used when an allergy history is present.

Vasovagal reactions are more common than allergic 
reactions and are due often to reaction to pain or skin 
puncture. Bradycardia and hypotension can be seen 
and are treated symptomatically with fluids and pos-
sibly atropine.

Heparin allergy can be seen in up to 5% of patients 
undergoing peripheral interventions [14]. Unsuspected 
thrombotic complications during the procedure should 
raise possible awareness. Other symptoms can include 

fever, chills, hypertension tachycardia, and dyspnea 
within 30 min of heparin bolus. In those cases, in addi-
tion to supportive measures, switching to alternative 
direct thrombin antagonists such as argatroban or 
bivalirudin should be considered.

30.4 Procedure-Specific Complications

30.4.1 Wire-Induced Complications

These include creation of a dissection and perforation, 
as well as spasm.

Dissection is more likely to occur with hydrophilic 
wires. A retrograde dissection may not require treat-
ment as it is tacked down by the flow. An antegrade dis-
section may require stenting for control. Prevention of 
dissection requires constant visualization of the wire as 
it is advanced. Any coiling or resistance should prompt 
wire redirection.

It is important to make sure the tip of the wire is in the 
true lumen before proceeding with any intervention. If 
not sure, a thin diagnostic catheter should be advanced 
over the wire, the wire withdrawn, and a gentle hand 
injection of contrast done through the catheter to verify 
intraluminal positioning.

Perforation is more likely to occur with stiffer wires, 
especially across tortuous anatomy. It can also happen 
with other wires when used to attempt crossing a chronic 
total occlusion (CTO). In cases of perforation, it is impor-
tant to try to maintain or achieve wire access across the 
area of perforation. Prolonged balloon inflation may 
control the situation. In some cases, a covered stent may 
be required. Occasionally, an open surgical conversion 
may be needed. In perforation during attempted CTO 
crossing, the wire may sometimes be redirected in the 
true lumen or subintimal space and the situation may 
be controlled and treated with angioplasty or stenting. 
When this is not successful, it is sometimes necessary to 
use coil embolization of the bleeding segment to control 
hemorrhage. Perforation can also happen during renal 
or visceral angioplasty if the end of the wire is allowed 
to advance too much, leading to end organ perforation. 
In some of those cases, conservative management may 
succeed, although it is sometimes necessary to perform 
coil or particulate selective embolization for control of 
the bleeding.

Spasm can occur with any kind of vessel but is more 
likely in noncalcified, smaller diameter vessels, espe-
cially with any motion of the wire within the vessel. The 
use of embolic protection filters at the end of wires is also 
a predisposing factor to spasm. It is important to visu-
alize the vessel in many panes to make sure one is not 
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dealing with an unsuspected dissection, distal emboli-
zation, or thrombus formation. Spasm can be treated by 
intra-arterial injection of nitroglycerin or papaverin and 
sometimes by judicious wire withdrawal. Angioplasty 
of the spasming vessel may not always succeed but may 
cause additional spasm.

In cases of preexisting stents that need to be crossed, 
it is important to make sure the wire is staying in the 
lumen and is not going around struts of the stents. 
Visualization under magnified views is important, as 
well as the absence of any resistance while trying to 
advance devices or catheters over the wire.

30.4.2 Angioplasty-Induced Complications

These include dissection, perforation, thrombosis, AV 
fistula creation, and distal embolization.

Dissection is particularly common with angioplasty. 
They may be more common if the balloon is slightly 
oversized or the lesion more heavily calcified. Opinions 
differ as to whether cutting or scoring balloons have a 
lower likelihood of causing dissections. These balloons 
have blades or wires mounted on them to create more 
controlled cuts. Not all dissections require treatment. If 
minimal or not flow limiting, they can be observed. If 
not, the first measure consists of a prolonged inflation of 
the balloon. If not successful, a directional atherectomy 
may be attempted to excise the dissection flap. This car-
ries a slight risk of perforation. Stenting is most com-
monly applied to treat flow-limiting dissections.

Perforation is more likely with eccentric, calcified 
plaques. It may occur in as many as 1% of iliac angio-
plasties and 4% of peripheral angioplasty procedures 
[15,16]. It is paramount to maintain wire access across 
the perforation. Immediate control should consist of 
inflation of a compliant balloon across the perforation 
to control hemorrhage and allow any needed resusci-
tation. Angioplasty may control the problem, but more 
frequently a covered stent will be required. If those are 
not available, an open surgical approach may be needed; 
in that case, balloon control should be maintained while 
arrangements for surgery are made. Occlusion devices 
may sometimes be used for control of bleeding, pro-
vided revascularization is then achieved by a different 
means, often surgical.

Thrombosis of an angioplasty site is often due to an 
unrecognized dissection with thrombus formation. It is 
sometimes due to inadequate runoff in the bed distal 
to the angioplasty site. Systemic causes must be kept 
in mind such as inadequate anticoagulation or heparin 
allergy. Aspiration with a catheter or a rheolytic device 
must be carried out, followed by treatment of the under-
lying cause.

AV fistula creation is a variant of a perforation, 
although less severe. It is often seen during attempts 

to cross CTO. It rarely has any hemodynamic conse-
quences; if significant, prolonged angioplasty or a cov-
ered stent can be considered.

Embolization may occur during wire crossing of a 
lesion or as a result of plaque debris being dislodged 
during ballooning or stenting. Any thrombus that forms 
at a treated lesion may also embolize distally. Emboli 
may be large, causing obvious distal runoff occlusion 
or more often may be microscopic and more difficult to 
appreciate [17]. They are more likely to occur with total 
occlusions. Prevention with use of distal embolic pro-
tection devices or filters should be considered in those 
cases, as well as in cases of compromised distal runoff 
such as single vessel runoff. When embolization does 
occur, thromboaspiration may be attempted with cath-
eters with or without thrombolytics use [18].

Restenosis is a significant late complication of angio-
plasty, occurring in 15%–50% of cases depending on 
locations. The risk factors include longer lesions, more 
distal disease, poor runoff, continued smoking, diabe-
tes, and occlusion as opposed to stenoses. Angioplasty 
with drug-eluting balloons such as paclitaxel holds 
promise in reducing rates of restenosis.

30.4.3 Stent-Related Complications

These include many of the same ones seen with angio-
plasty such as perforation, thrombosis and distal embo-
lization, as well as restenosis. Specific stent-related 
complications include stent migration, nonexpansion, 
covering of side branches, and stent infection.

Migration refers to the stent ending at a different area 
of the vessel. This can happen because of inaccurate siz-
ing leading to a stent not opposed to the wall, and sub-
sequent distal migration of the stent. It can also refer 
to a shearing off of a balloon-expandable stent from 
the balloon during attempted delivery. This may occur 
because of vessel tortuosity or lack of sufficient predila-
tation of the lesion being treated. Preventive measures 
include adequate predilatation and possibly crossing 
the lesion with a sheath or guiding catheter, advancing 
the stent and then withdrawing the sheath before stent 
deployment. If a stent is sheared off, it may have to be 
deployed where it ends; a thin, small-diameter balloon 
is advanced over the wire through the stent, inflated, 
and followed by progressively larger balloons until the 
stent is adequately expanded. Alternatively, the stent 
may be retrieved into the sheath using a snare.

Nonexpansion refers to a failure of the stent to reach 
its full diameter or the diameter of the vessel around 
a residual lesion. It is usually due to a focally heavily 
calcified lesion. Sometimes, a short, high-pressure bal-
loon may succeed. The major risk is rupture of the ves-
sel and covered stents should be available for bail out 
if such a maneuver is attempted. Prevention might 
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involve debulking the lesion with atherectomy prior to 
stent deployment, although this is not always possible if 
a recanalization is subintimal.

Unintentional coverage of side branches is more 
likely with self-expanding stents than balloon-expand-
able ones. It may not result in any impaired flow to 
the side branch, in which case no specific treatment 
may be required. If flow is compromised, an attempt 
should be made to direct a wire into the lumen of 
the side branch through the struts of the stent. This 
is followed by balloon dilation of this passage, which 
essentially enlarges a cell of the offending stent. If the 
offending stent is a balloon-expandable one, this may 
be sufficient. If it is a self-expanding stent, the dilated 
cell will recoil once the balloon is deflated and it will 
be necessary to hold the passage open with a balloon-
expandable stent of the proper size deployed through 
the struts of the first stent.

Infections of bare metal stents are rare. They can hap-
pen because of contamination at the time of insertion 
or because of late bacteremia. They can manifest as an 
infected pseudoaneurysm, persistent bacteremia, distal 
septic embolization, or vessel rupture. Open surgical 
treatment is often needed with vessel and stent excision 
and extra-anatomic revascularization [19].

Complications are more likely when stents are used 
for total occlusions. In a recent review of iliac occlusions 
treated with stenting, rupture occurred in 3%, emboliza-
tion in 3%, and hypogastric artery occlusion in 7% [20].

30.4.4 Atherectomy-Related Complications

These are the same as angioplasty and stenting compli-
cations, although perforation and distal embolization 
are the two most frequently encountered, with an inci-
dence of 3%–4% for each. Heavily calcified lesions are 
prone to embolization, regardless of the type of device 
used. Device oversizing or aggressive cutting at branch 
points especially may lead to perforation. The major-
ity of perforations respond to prolonged low-pressure 
balloon inflations. Rotational atherectomy can some-
times lead to a transient distal no-flow phenomenon. It 
can be due to spasm with a heavy microembolic load. 
Vigorous use of vasodilators with or without lytic injec-
tion or thromboaspiration often leads to a resolution of 
the problem.

30.4.5 Peripheral Stent Graft–Related Complications

Stent grafts are used to treat complications of other 
endovascular procedures or sometimes for recanalizing 
CTO or covering embolizing lesions. It is very important 
to size those self-expanding stent grafts very carefully. 
Any oversizing has potential to lead to infolding of the 
fabric with resultant thrombosis. For the same reason, 

the stent graft should then be molded to its nominal size 
with an appropriate diameter balloon.

Thrombosis of peripheral stent grafts usually has 
worse implications than uncovered stents in terms of 
limb ischemia, likely because of the loss of collaterals 
that have been covered by the stent graft.

30.4.6 Thrombolysis-Related Complications

Bleeding complications can be amplified with throm-
bolysis, either locally at access sites or systemically if a 
lytic state is achieved [21] In addition to the sheath access 
site, possible bleeding sites include the retroperitoneum, 
although the most feared site is intracranial because of 
the associated morbidity. Risk factors for such bleeds 
include prolonged infusions (>24 h), advanced age, and 
systemic anticoagulation. Risk of intracranial bleed is 
<1%. Serum fibrinogen levels are not always predictive, 
although a decline to under 100 mg/dL should prompt 
caution. Serial hematocrits should be followed and any 
decline investigated.

Distal embolization due to fragmentation of the clot 
being treated can take place. Usually it is addressed 
by advancing the infusion catheter and doing directed 
lysis delivery in the vascular bed affected.

There is also a risk of a clot developing in or around 
the indwelling sheath during prolonged infusion. For 
that reason, as well as because of the risk of distal embo-
lization listed earlier, a low-dose heparin infusion is 
usually given through the sheath.

30.4.7 Complications of Endovascular AAA Repair

A majority of AAAs are being managed by endovas-
cular stent grafting today. These procedures have a 
unique set of potential complications. These include 
iliac artery injuries as well as problems related to fixa-
tion or migration of the stents grafts and inadequate 
AAA exclusion. Up to 20% of patients will require 
reintervention on long-term follow-up, the majority for 
endoleaks [22].

Iliac artery injuries happen because of the large size 
of the delivery systems used. They are more common 
with the larger thoracic stent grafts. Other risk factors 
include female sex (smaller vessels), calcification, and 
tortuosity. Depending on the definition, it may happen 
up to 15% of the time [23]. In cases of difficult access, it 
may be preferable to get iliac access via a retroperitoneal 
exposure. Completion imaging after delivery sheath 
removal is paramount to identify these problems, and 
wire access should be maintained to allow endovascu-
lar control. Simple dissections can be stented. Ruptures 
will cause profound hemodynamic instability after 
sheath removal. Immediate control of the bleeding can 
be achieved with a large compliant balloon. Stent grafts 
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should be available to try to control the rupture. If this is 
not successful, open repair may be warranted.

A type 1 endoleak represents an attachment site fail-
ure, proximally or distally [24,25]. Perfusion is main-
tained to the AAA sac around the stent graft. A type 1 
endoleak needs treatment in order to prevent aneurysm 
sac rupture. Type 1 endoleaks will happen 5%–10% of 
the time on follow-up, depending on the population 
study and how well the device IFU are followed. Shorter 
necks, increasing angulation, increased calcification or 
thrombus in the neck are risk factors for type 1 endole-
aks. Endovascular options (cuff, angioplasty, bare stent, 
or endoluminal stapler) or open surgical conversion 
should be entertained for treatment.

A type 2 endoleak indicates flow around the stent 
graft in the aneurysm sac, usually from the lumbar or 
inferior mesenteric arteries. Type 2 endoleaks happen in 
15%–20% of cases early after stent-grafting. Increasing 
number of patent lumbars or a patent IMA are risk fac-
tors. A majority of these will resolve with observation, 
and a period of observation can be recommended in the 
absence of aneurysm enlargement. Type 2 endoleaks 
can be associated with AAA sac enlargement in up to a 
quarter of cases, and up to 20% of ruptures after EVAR 
are due to type 2 endoleaks. In general, in the case of 
AAA enlargement (more than 5 mm in 6 months or more 
than 10 mm from pre-EVAR size), intervention should 
be considered. The endoleak can often be addressed 
by endovascular means (coil embolization of feeding 
vessels, obliteration of the cavity with bioglue); other 
options include surgical control of the feeding vessels, 
or plain stent graft explantation and open conversion.

Type 3 endoleaks represent fabric defects or leaks 
where stent graft modular components overlap. They 
can be seen early or late but are relatively uncommon. 
Stiffer devices likely have a higher risk of component 
separation with time. They should be treated whenever 
seen because of the risk of AAA rupture without treat-
ment. Most can be addressed by endovascular means by 
relining with a new stent graft component.

Graft infection may happen after endovascular aneu-
rysm repair, although the incidence of <1% is lower than 
that seen with open repair [26]. Prophylactic antibiotics 
should be given for prevention at the time of stent graft 
implantation. In the face in an infection, explantation 
will often be required with some sort of in situ or extra-
anatomic reconstruction. Mortality remains high.

Other complications of stent grafting include limb 
thrombosis. It may occur acutely due to unrecognized 
iliac or femoral dissection or may be due to kinking or 
twisting of the limb. Completion angiography should 
help identify and control these. Late thrombosis may be 
due to kinking as the AAA shrinks. It may be corrected 
by lysis with adjunctive angioplasty or stenting; in some 
cases, a femoro-femoral bypass may be needed.

30.4.8 Complications of Carotid Stenting

Carotid artery stenting (CAS) can be used as an alter-
native to carotid endarterectomy (CEA) in selected 
patients. While the complications are for the most the 
same as with stenting in other locations, their impli-
cations and methods of management differ enough to 
warrant specific mention.

Stroke is the most feared complication. It happened in 
4% of cases in the landmark CREST trial [27]. Neurologic 
events are more common in patients over the age of 
80 as well as in symptomatic patients. Major strokes 
are less common than TIAs. Most neurologic events 
are believed due to embolization of particulate debris. 
Embolic protection filters certainly reduce the impact 
of such events but cannot stop them fully. Emboli may 
develop during angioplasty and stenting, but may also 
develop after filter removal as a result of “cheese-grat-
ing” of debris through the stent struts. Emboli may also 
occur during sheath placement, during initial attempt 
to cross the lesion with the wire, or during filter place-
ment. Ideally, intracranial views have been obtained 
before any therapeutic maneuvers have been attempted. 
Microemboli are very frequent (up to 50% by transcra-
nial dopplers) and most are asymptomatic or silent. If an 
event is detected during the procedure, it is important 
to visualize the intracranial circulation again in those 
cases to try to identify larger emboli that may then be 
retrieved with one of the available devices such as Merci 
or Penumbra. It is often necessary in those cases to con-
vert to general anesthesia as patients experiencing a 
neurologic event will often get agitated and move; visu-
alization is paramount to the delicate intracranial work 
required for embolic retrieval. Thrombolytic agents may 
be selectively used. The operator should also ensure 
that the patient is adequately anticoagulated with either 
heparin or one of the alternative agents. It is also impor-
tant to monitor the blood pressure closely to make sure 
that hypotension is not an underlying cause of mental 
status alterations. If no macro-emboli are seen, anti-
coagulation alone may be used. If an event is detected 
after CAS procedure has been completed, it is important 
to start with a CT scan to rule out an intracranial hem-
orrhage. If negative, anticoagulation should be initiated 
and consideration given to return to the interventional 
suite for stent and intracranial imaging. If the deficit is 
very minor or transient, alternative imaging modalities 
such as CTA may be considered to evaluate the stent 
patency and look for any technical defects there that 
might require correction.

Acute stent thrombosis is uncommon, <1%. It can 
be associated with stroke, TIA, or be asymptomatic. It 
may be due to inadequate anticoagulation or techni-
cal issues with inadequate stent expansion or small 
carotid diameters. If identified early and symptomatic, 
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it can be treated with thromboaspiration and directed 
lytic therapy. An embolic protection device beyond the 
clotted segment is beneficial in preventing intracranial 
embolization. In some cases, conversion to open CEA 
may be needed. Based on empiric data, most patients 
undergoing CAS are on dual antiplatelets therapy with 
clopidogrel and aspirin. Addition of IIb/IIIa antagonists 
may be considered in thrombotic cases, although there 
are no large studies to support this approach.

Bradycardia is frequently seen during angioplasty 
or stent deployment and is due to baroreceptors stim-
ulation. It can be sustained and lead to hypotension. 
Prophylaxis can be given in the form of glycopyrrolate 
or treatment in the form of atropine. One must be mind-
ful of possible cardiac side effects. Hypotension can be 
managed with pressors or fluids.

Hypotension is seen in up to 10% of cases, during or 
after the procedure. Larger stents and one deployed 
more distally may have a higher risk. It may be pro-
longed for a couple of days and is managed in the man-
ner described earlier.

Spasm may be noted in the internal carotid artery in 
5%–10% of cases. It is usually at the site of filter deploy-
ment and can be managed by judicious intra-arterial 
injections of nitroglycerin.

Reperfusion symptoms may be seen in up to 2% of 
patients undergoing carotid revascularization. It is 
not immediate in onset but rather can be delayed. 
Risk factors are high-grade stenosis and hypertension. 
Ipsilateral headaches are the initial symptoms. They 
may be followed by seizures. Extreme cases will show 
CT evidence of cerebral edema or bleed. Control of 
hypertension is necessary. In some cases, prophylactic 
anti-seizure medicines may be beneficial.

Restenosis is seen in up to 10% of cases at 5 years. It is 
usually due to intimal hyperplasia. It can be treated by 
redilation. Treatment of comorbidities and use of statins 
may be of benefit in reducing this risk.

30.4.9 Complications of Venous Interventions

Venous interventions can be associated with inadver-
tent arterial punctures. It is important to manage those 
in the same way as any arterial access, with compres-
sion and reversal of anticoagulation. In some cases of a 
large sheath being introduced, a closure device can be 
considered in selected cases. In some situations, an open 
surgical cut down may be the best option. For areas dif-
ficult to access and/or to compress such as the subcla-
vian artery, one can consider a covered stent graft from 
a different access site.

Vena cava filters can have a number of complica-
tions [28]. The most common can be thrombosis of the 
venous access site and thrombosis of the vena cava at 
the site of filter deployment. Access site thrombosis is 

usually managed as a DVT with anticoagulation if pos-
sible. Cava thrombosis management is individualized. 
Observation may be done if the patient is minimally 
symptomatic. Thrombolysis is rarely used since most 
of these cases are discovered in the chronic phase; if in 
the acute phase, most patients have a relative contrain-
dication to lysis. In chronic cases with severe symptoms, 
there have been reports of endovascular recanalization 
followed by stenting of the filter against the caval wall; 
long-term results are not available. Alternatively open 
surgical caval reconstruction can be entertained. Either 
approach must be weighed against the risk of recurrent 
venous thromboembolism. Penetration of the caval wall 
by filter struts is not uncommonly seen. In the absence 
of penetration into adjacent organs, this can often be 
observed, and is not necessarily a contraindication to 
endovenous removal of retrievable filters. Frank perfo-
ration into the duodenum, aorta or vertebral bodies has 
been reported. Presenting symptoms can include GI 
bleed or persistent pain. Most of those cases are man-
aged by open surgery with caval and associated organ 
reconstruction and repair [29]. Migration of a filter can 
occur acutely or chronically. Acutely, it is often due to 
technical mishap or to an oversized 30 mm diameter or 
more vena cava. All filters except one are indicated only for 
cavas with diameters <26 mm. Only the Birdnest filter should 
be used for larger cavas. One has to be careful when sizing 
patients about the state of hydration as this can affect cava size, 
especially in trauma patients. Migration of a filter in the 
heart can lead to arrhythmias and necessitates removal. 
Removal can be done with endovenous snares but may 
rarely require open surgery. Tilting of a vena cava filter on 
the other hand is not uncommon. It does not usually affect 
the efficacy of the filer in preventing pulmonary emboli. One 
has to be sure however that the legs of the filter do not extend 
into large branches such as the renal veins. If that is the case, 
it might be best to retrieve the filter if possible and redeploy it.

Venous stenting of the iliac veins is being increasingly 
performed for chronic stenoses and associated DVTs or 
leg swelling. Stent thrombosis is likely the most frequent 
complication of those cases and can be seen in nearly 
15% of cases [30]. Some routinely use anticoagulants 
after these procedures for prevention, while others pre-
fer clopidogrel treatment; there are no prospective trial 
comparisons of the two modalities, although it appears 
intuitive to recommend anticoagulants in patients with 
prior thrombotic episodes.

Stent migration can be a particular problem during 
stenting of inominate or superior vena cava lesions. 
This is due to the changes in sizes over short distances. 
Careful sizing and deployment are important maneu-
vers to minimize this complication.

Thrombolysis for DVT is commonly performed, 
either as pure pharmacologic or pharmacomechanical 
(PMT) using either the Angiojet or Trellis device [31]. 
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Complications of such procedures include bleeding, 
hemolysis, hyperkalemia, pulmonary embolization, and 
recurrent thrombosis. PMT has a very low risk of bleed-
ing problems (<1%) compared with pure pharmacologic 
methods. The risk of significant pulmonary embolism 
also appears low at <1%. Hemolysis is particularly 
common and manifested as dark colored urine, which 
should not be confused with hematuria. Prophylactic 
hydration measures should be carried out.

Endovenous treatment of refluxing superficial veins 
is a widely performed procedures for the management 
of venous insufficiency procedures. Treatment can be by 
radiofrequency or laser energy [32]. Both procedures are 
associated with a number of potential complications. DVT 
happens <1% of the time, saphenous nerve or other par-
esthesias <10%, and hematoma rarely. Radiofrequency 
may have less bruising and pain, although the rate of 
recanalization may be slightly higher. Prevention of 
complications is based on liberal use of tumescent anes-
thesia and adequate ultrasound visualization of the 
saphenofemoral junction to prevent protrusion of the 
catheters used into the femoral vein. Duplex ultrasound 
surveillance is then performed within days of the proce-
dure to monitor for complications.

Sclerotherapy is often provided as an adjunct to vari-
cose vein treatment. Extravasation of the sclerosing 
agent may lead to skin ulceration. The incidence is <1%. 
Allergic reactions and DVTs are rare.

Selected Complications and Their Incidence

Complications Incidence (%) References

Access site pseudoaneurysm 0.5–5 [1,2]
Access site AV fistula 1 [1,2,4]
Retroperitoneal hematoma 0.5 [3]
Femoral neuralgia 0.2 [1,2]
Vessel thrombosis from closure 
device

0.5 [1,2]

Renal failure 2 [9,10]
Heparin-induced thrombocytopenia 5 [14]
Wire complications <5 Estimate
Perforation from angioplasty 1–4 [15,16]
Embolization during stenting 3 [17,18,20]
Intracranial bleed during 
thrombolysis

1 [21]

Type 1 endoleak from AAA stent 
graft

5 [24,25]

Type 2 endoleak from AAA stent 
graft

15–20 [22]

Stroke/TIA from carotid stenting 4 [27]
IVC filter access site thrombosis 1–2 [28]
Vena cava filter site thrombosis 2–5 [28]
Vena cava perforation from filter 1 [29]
DVT from EVLT or RFA <1 [32]

Methods for Preventing and Identifying Selected 
Complications

Complications Prevention Means

Access site issues 
(hematoma, 
PSA, RPH)

Visualize the common femoral artery 
fluoroscopically or by ultrasound; access over 
the femoral head, not low or high; avoid side 
punctures; apply adequate manual 
compression; judicious use of closure devices 
after femoral angiography.

Renal failure Judicious hydration; control volume of contrast; 
use nonionic agents if possible.

Wire 
complications

Constant visualization of the wire as it is 
moved; avoid unnecessary wire motion during 
exchanges; soft-tipped wires for work wire; 
consider intra-arterial vasodilators for spasm 
prevention.

Angioplasty 
complications

Avoid oversizing to prevent rupture; look for 
dissection post angioplasty; avoid PTA in 
“nonstent” areas and consider alternative 
measures such as atherectomy; consider 
embolic protection devices for lesions at risk 
for embolization.

Stent 
complications

Judicious sizing to avoid migration; predilate 
lesion or precross with sheath to avoid stent 
slippage off balloon during advancement; 
sterile technique and prophylactic antibiotics 
to prevent infection; beware of heavily 
calcified lesions to avoid stent nonexpansion 
and consider present “debulking.”

Atherectomy 
complications

Consider distal embolic protection device use 
for embolic protection; have stent grafts 
available for possible perforation treatment.

Thrombolysis 
complications

Avoid prolonged infusions to decrease the risk 
of bleeding; consider low-dose anticoagulants 
to avoid sheath thrombosis; serial blood and 
physical monitoring.

AAA stent graft 
complications

Careful patient selection to minimize chances of 
endoleaks; careful access evaluation to avoid 
iliac injuries and identify early; consider 
retroperitoneal conduits.

Stroke from CAS Careful patient selection and technique, use of 
embolic protection devices.

Venous 
complications

Evaluate cave size to decrease likelihood of 
filter migration. Use tumescent anesthesia 
liberally to avoid skin burns or pains; visualize 
deep vein junction to avoid DVT risk.
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31.1 Introduction

It is unquestionably true that the practice of vascular 
surgery has become increasingly safer over the last two 
decades. Nevertheless, vascular procedures remain 
fraught with complications due to the ever-advancing 
age of the patient population, the diffuse nature of ath-
erosclerosis, and the increasing comorbidities.

Systemic complications such as cardiac events, respi-
ratory failure, and renal dysfunction are frequent after 
vascular surgery, especially in smokers. Such compli-
cations will not be addressed in this chapter and are 
reviewed in detail elsewhere in the book.

Some complications are common to many vascular 
procedures. These include early graft thrombosis and 
postoperative bleeding. Underlying reasons are similar. 
Therefore, these subjects will be covered in an early sec-
tion of this chapter.

Procedure-specific complications will be addressed 
for peripheral arterial surgery, carotid procedures, aor-
tic surgery, hemodialysis access procedures, and embo-
lectomy procedures.

31.2 General Complications

31.2.1 Early Graft Thrombosis

When faced with such an event, a number of possibili-
ties must be reviewed. Is the inflow into the graft ade-
quate? What is the nature of the outflow and should it 
be improved? The quality of the conduit must be con-
sidered as well as its tunneling. Were any kinks or 
compression present? Did hypotension develop that 
may have led to low flow and thrombosis? Were there 
technical issues with the anastomoses such as flaps or 
stenosis? Did any plaques fracture from clamping? Was 
the posterior wall of the vessel injured while opening 
the vessel, causing a local dissection? Did any hemato-
mas compress the graft? Was the wound closure tight 

enough to compress the graft? Does the patient have an 
unsuspected hypercoagulable condition such as hepa-
rin-induced thrombocytopenia? The nature of the clot 
retrieved at reoperation, or serum laboratory tests such 
as platelet count, may be indicative of the etiology of 
early graft thrombosis. In most cases, immediate anti-
coagulation followed by reoperation with thrombec-
tomy is carried out. Ideally, a completion imaging study 
is then done if the reason for failure was not readily 
obvious. If the reason still cannot be identified, strong 
consideration should be given to continuing anticoagu-
lation if it can be safely done, while proceeding with a 
hypercoagulable work up.

31.2.2 Postoperative Bleeding

Bleeding can be due to surgical or medical problems. 
Except for cavitary procedures, bleeding will be obvi-
ous after vascular surgery. For intracavitary procedures, 
early signs might be declining urine output or increas-
ing heart rate, before hypotension. Hematomas can lead 
to graft compression or wound morbidity. In the neck, 
airway compromise can occur.

The first management step is to stop any anticoagula-
tion and to reverse any existing coagulopathy. If medi-
cal bleeding is not suspected, a return to the operating 
room will be necessary.

Prevention is by avoiding unnecessary dissec-
tion, use of electrocautery whenever possible, stay-
ing as close as possible to the arterial plane, adequate 
tension-free anastomoses, and avoiding large doses of 
anticoagulants.

Many patients undergoing vascular surgery today are 
on dual antiplatelet agents including thienopyridines 
such as clopidogrel. Withholding these agents preopera-
tively is ideal to minimize the risk of bleeding, but not 
always possible. Platelets transfusions may need to be 
given in those cases. Many of the newer anticoagulants 
such as rivaroxaban and dabigatran have no known 
reversal agents; if the vascular procedure can be reason-
ably delayed until the agents have worn off, then this 
approach should be pursued.
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31.3 Peripheral Arterial Procedures

31.3.1 Early Graft Thrombosis

This affects nearly 5% of all bypasses and is more com-
mon for infrageniculate bypasses and those done for 
critical limb ischemia [1].

The location of the clot may offer some hints as to the 
cause. It may be best therefore to start by exploring the 
distal anastomotic site. Clot removal may be done by 
milking the graft or careful use of thromboembolec-
tomy catheters, taking care not to disrupt anastomotic 
sites or further damage the graft. Catheters may be 
passable in only one direction when the valves have not 
been lysed in reversed vein grafts.

When a saphenous vein conduit has been used, and 
the bypass clots acutely in the perioperative period, one 
has to consider possible defects within the graft as a 
potential cause. The possible defects will vary depend-
ing on what technique was used. A reversed vein graft 
may have a sclerotic or relatively narrower segment 
that may have not been noticed at initial surgery. For 
in situ bypasses, the possibilities of a retained valve 
or perivalvular damage from the valvulotome must 
be considered. Detection of such abnormalities may 
require visualization of the entire graft after thrombec-
tomy. Angiography may not be the best technique for 
the detection of certain abnormalities. Intraoperative 
duplex may be advantageous as would angioscopy, 
although few are adept with this technique. If a clear 
cause in the graft itself for failure has not been iden-
tified and other causes for graft thrombosis (see ear-
lier section) have been ruled out, it may be necessary 
to replace the conduit entirely. If a defective segment 
is identified, it will be necessary to replace that one 
segment.

Potential areas where a lower extremity graft may get 
compressed or kinked include the popliteal space, the 
interosseous membrane, and the distal pretibial area 
approaching the dorsalis pedis. In the popliteal space, 
one needs to make sure the graft is passing between the 
two heads of the gastrocnemius muscle and not through 
the medial head. It is usually preferable to pass the 
bypass though any tunnels after having performed 
the proximal anastomosis and with the graft fully dis-
tended, to allow it to straighten out.

If no good reason for graft failure can be identified, 
the medium-term prognosis is not good, despite throm-
bectomy and anticoagulation.

31.3.2 Wound and Graft Infection

Prosthetic graft infections occur 3% of the time and 
are more frequent than vein graft infections [2]. Groin 

incisions, reoperative procedures, and presence of foot 
infections are risk factors.

Mortality is up to 10% and amputation rates are up 
to 50%. Graft infection can manifest as graft throm-
bosis or hemorrhage from anastomotic disruption. 
Staphylococcus aureus is the most frequent organism.

Fortunately, true graft infections are less common 
than superficial infections. Avoidance of infections is 
achieved by careful placement of skin incisions, avoid-
ing large flaps or long continuous cuts, avoiding areas 
with active infections, and draining any large postop-
erative hematomas. Treatment of any superficial infec-
tions should be aggressive to prevent deep extensions 
into the planes of the graft.

Localized infections can sometimes be treated with 
wound debridement; use of vacuum-assisted closure 
(VAC) devices may be beneficial in those cases, although 
it is not recommended that such dressings be applied 
directly onto a patient graft for fear of hemorrhage [3]. 
Soft tissue interposition is recommended. Extensive 
graft infection will require total graft removal and 
repair of anastomotic sites with autogenous tissues. 
Extra-anatomic bypass may be needed. Occasionally, it 
is possible to save an exposed prosthetic graft, provided 
that there is minimal surrounding infection and that 
most of the graft is incorporated into surrounding tis-
sues [4]. In those cases, coverage of the exposed graft sec-
tion with a muscle flap is recommended. Infections with 
particularly aggressive organisms such as Pseudomonas 
may not be amenable to such treatment; such infections 
can also result in necrosis of vein graft walls.

31.3.3 Lymphatic Complications and Limb Swelling

Lymphatic complications are not uncommon after 
peripheral vascular procedures. They can involve the 
groin, thigh, or popliteal fossa and can take the form 
of lymph leaks, lymphocele, or limb swelling. Small 
lymph leaks can be treated with appropriate dry ster-
ile dressings or a modified VAC device until they close 
[5]. Antibiotics should be given for any signs of infec-
tion. Small lymphoceles may be treated by a number of 
attempts at percutaneous aspiration under sterile tech-
nique. Persistent lymph leaks that do not close during 
the first few weeks after surgery and large lymphoceles 
are probably best treated by reexploration and ligation 
or cavity obliteration; sclerosing agents can be used at 
that time to decrease recurrence.

Limb edema after arterial reconstruction is very com-
mon, with all patients experiencing this to some degree 
[6]. Patients with lymphatic complications as described 
earlier will have more swelling. Patients with redo oper-
ations are more predisposed. Edema usually resolves 
within a few months but can be permanent. Most leg 
edema can be treated by encouraging leg elevation and 
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reassuring the patient that the condition is usually tem-
porary. Compression stockings can be used but should 
be avoided when a bypass is tunneled subcutaneously.

31.3.4 Later Graft Failure

Late graft failure may be due to intimal hyperplasia 
or due to progression of atherosclerotic disease in the 
inflow or outflow. The first occurs within the first 2 years 
(but after the early perioperative period), while the lat-
ter happens on a longer time frame. Intimal hyperplasia 
may affect the anastomotic sites or the vein conduit itself.

Vein graft problems occur in 15%–20% of cases. There 
are currently no proven methods to control this prob-
lem. Cilostazol has been suggested, but large studies 
are lacking. The only management approach is serial 
duplex ultrasonography to identify areas of evolving 
stenoses and address them before they cause thrombo-
sis. Treatment of stenoses can be in the form of percuta-
neous angioplasty, open patch angioplasty, or segmental 
replacement [7].

Not all patients whose grafts thrombosed completely 
will be symptomatic. For a thrombosed bypass, the 
options are thrombolytic therapy, open thrombectomy 
and revision, and a redo bypass. Thrombolytic therapy 
should be considered for grafts that have failed within 
15 days of presentation. It is more likely to be successful 
in grafts that have been patent for longer periods and in 
nondiabetic patients [8]. After lysis, further endovascu-
lar or open treatment will be required in a majority of 
cases. Reoperation, in the form of a redo bypass, which 
has poorer results than initial bypasses, should be 
reserved for those who are significantly symptomatic.

31.4 Carotid Endarterectomy

31.4.1 Stroke

Stroke is the biggest concern associated with carotid 
endarterectomy (CEA), although not the most frequent 
complication. Stroke is also a risk of preoperative con-
ventional arteriography, with rates averaging around 
1% [9]. The cause relates to catheter manipulation in the 
aortic arch, causing particulate embolization. CT angi-
ography or magnetic resonance angiography will avoid 
those complications.

Intraoperative stroke during CEA has a number of 
potential causes, including embolization during dis-
section, clamping ischemia, or the development of an 
intimal flap. The latter is probably the most frequent 
and can also be a cause of postoperative thrombosis. 
Narrowing of the vessel if no patch angioplasty is used 

can also be a cause of thrombosis. Postoperative stroke 
rates vary with the indication for surgery. Most studies 
report an incidence of 1%–2% for asymptomatic stenoses 
[9] and up to 5% for persons with recent symptoms [10]. 
Prevention of stroke relies on careful dissection, avoid-
ing manipulation of the site of the plaque until after 
clamping, careful visualization of the endpoint with 
tacking sutures as needed, routine use of patch angio-
plasty to avoid narrowing, and some measure to evalu-
ate cerebral perfusion during clamping [11]. The latter 
involves mainly two choices, each with its strong propo-
nents. Options include routine shunting in all and selec-
tive shunting based on some measurement of cerebral 
perfusion. Measurement can be made by observation of 
the patient, with the procedure being done under local 
or regional anesthesia, electroencephalography moni-
toring under general anesthesia, transcranial Doppler 
flow measurements, or carotid stump back pressure 
measurement after clamping.

Postoperative stroke is defined as occurring in the 
first day after an initial period of normalcy. It can be 
due to embolization from the operative site or due to 
thrombosis of that site. Prior algorithms called for an 
immediate return to the operating room for evaluation 
with intraoperative angiography if the vessel is noted to 
be patent. With the widespread availability of CT angi-
ography, an expeditious evaluation by that modality can 
be recommended. If a thrombosis is noted, or if a defect 
is seen, the patient can be returned to the operating 
room for correction. A shunt should be placed during 
correction. About a quarter of the time, no defect is seen, 
and consideration then should be given to anticoagula-
tion. If an intracranial embolus is noted, intraoperative 
lytic treatment or other neuro “rescue” measures such 
as catheter-guided embolectomy or thrombolysis can be 
considered. Expeditious treatment in all cases is needed 
to prevent irreversible deficits.

31.4.2 Reperfusion Syndrome

Reperfusion syndrome refers to a cluster of symp-
toms that develop one or more days after CEA due to 
the increased perfusion pressure [12]. The incidence is 
around 0.5%. Severe ipsilateral headache is often a pre-
senting symptom, possibly associated with hyperten-
sion. It can lead to intracerebral hemorrhage or seizure 
activity or both and carries a nearly 50% mortality. Risk 
factors are a severe degree of preoperative stenosis, 
hypertension, and possibly the use of anticoagulants. 
Patients should be evaluated with a CT scan, preferably 
to include the CEA site as well. Blood pressure should 
be aggressively controlled, anticoagulants stopped, and 
consideration should be given to prophylactic use of ste-
roids or anticonvulsive medications. Intracranial hema-
tomas may need to be evacuated.
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31.4.3 Neck Hematoma

Hematomas develop in up to 5% of cases [13]. Risk fac-
tors include hypertension postoperatively, severe strain-
ing, and use of anticoagulants. Careful control of these 
factors may help minimize the risk of hematomas. Large 
hematomas can affect the airway and increase the risk 
of infection and should therefore be evacuated in the 
operating room. The use of drains can decrease the inci-
dence of smaller hematomas, but such drains should be 
removed on postoperative day one to minimize chances 
of infection.

31.4.4 Cranial Nerve Injury

The incidence of nerve injury depends on the diligence 
with which one looks for it, as well as on the timing of 
investigation, because most will resolve with time [14]. 
The incidence of permanent injury is estimated to be 
0.5%, while early transient malfunctions of any degree 
could be seen in up to 15%–20% of cases. Risk factors 
include reoperative neck surgery (prior CEA or other 
neck procedures), high carotid bifurcations or lesions, 
and anatomic variants. Most studies report the hypoglos-
sal nerve as the most frequently affected with ipsilateral 
tongue deviation. The marginal mandibular branch of 
the facial nerve can be affected by upward retraction on 
the mandible and will manifest as drooping of the side 
of the mouth on the ipsilateral side. The vagus can be 
affected by injudicious clamping of the common carotid 
and will manifest by dysfunction of its recurrent laryn-
geal branch with hoarseness; bilateral injury will cause 
airway obstruction. Injury to the glossopharyngeal and 
spinal accessory nerves is very rare and is seen with high 
lesions. They are manifested, respectively, by dysphasia/
aspiration or shoulder droop, pain, and scapular wing-
ing. Greater auricular nerve damage is not uncommon; 
it is a sensory nerve and supplies the ear and mandible.

31.4.5 Postoperative Hemodynamic Instability

Hypotension is believed due to baroreceptor dysfunc-
tion while hypertension is associated with preoperative 
hypertension [15]. In both cases, cardiac causes must 
be excluded. Control is paramount to avoid bleeding, 
clotting, or stroke complications. These changes are 
frequent enough to warrant close observation of all 
patients after CEA. Most of these changes will resolve 
within 48 h.

31.4.6  Pseudoaneurysm Formation, Patch 
Disruption, and Infection

Pseudoaneurysm formation is a rare late occurrence 
after CEA (0.05%) [16]. Infection must be ruled out if a 
prosthetic patch was used. Infection of a patch is rare 

after CEA occurring less than 0.5% of the time. Patch 
must be removed and replaced with autogenous vein 
in those cases. Uninfected pseudaneurysms should be 
repaired with either surgery or sometimes placement 
of a covered stent. Acute patch disruption can develop 
because of technical issues but is more common with 
saphenous vein harvested from the ankle.

31.4.7 Recurrent Stenosis

If noted within the first year, recurrent carotid stenosis 
occurs usually due to intimal hyperplasia [17]. The inci-
dence is at least 10% over the first 2 years and is more 
commonly seen in women, continued smokers, diabet-
ics, and hyperlipidemic patients. Use of statins may be 
of benefit. Patching helps reduce the incidence of recur-
rent stenosis. Recurrent symptoms will require reinter-
vention, although most patients will be asymptomatic. 
There is some evidence that at least some of these steno-
ses will regress over the first year, so a period of close 
observation is often recommended. Preocclusive and 
progressive lesions will need treatment with repeat sur-
gery or carotid stenting. Redo CEA has a higher risk of 
complications, especially cranial nerve injuries.

Late restenosis is usually due to recurrent atheroscle-
rosis. Reoperation or stenting is used for symptomatic 
or high-grade disease.

31.5 Aortic Surgery

Aortic surgery may be performed for aneurysmal dis-
ease, occlusive disease, or problems with aortic branches 
such as renal or mesenteric vessels. Mortality from elec-
tive open aortic surgery is nearly 5%. Main reasons for 
mortality are related to the complications listed later.

31.5.1 Bleeding

Dissection should be kept to the minimum needed and 
as close to the aorta as possible. Review of any preopera-
tive scans should include careful evaluation for venous 
anomalies such as a retroaortic left renal vein, a circum-
aortic venous collar, or a left-sided vena cava. Together, 
such anomalies occur in up to 5% of cases and can lead 
to severe hemorrhage if not recognized. Recognition of 
the orientation of wall calcification is also important to 
allow clamp application in such ways as to avoid crack-
ing of the plaque and resultant bleeding. Transection of 
the aortic posterior wall for anastomosis is not always 
necessary. Avoiding the inclusion of heavy calcium 
plaques in anastomotic sites is preferred. Reversal of 
heparin with protamine at the end of the case may be 
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of benefit as well. Surgical bleeding may involve anas-
tomotic suture lines, back-bleeding lumbar vessels, or 
inadvertent splenic injury from retractor placement.

31.5.2 Graft Limb Thrombosis

Acute graft failures are often due to an intimal flap. 
A useful rule of thumb to assess the outflow from an 
aortofemoral graft limb is that a profunda femoris 
artery that can accommodate a 4 mm probe or allow the 
passage of a non-inflated catheter for more than 15 cm 
will be enough to sustain graft limb patency.

Later graft failure can be due to intimal hyperplasia 
at the distal anastomotic site (usually within the first 
2 years), or due to progression of atherosclerosis (later 
time frame). If caught early, treatment is by open throm-
bectomy, and revision of distal anastomosis. If not fea-
sible, crossover femorofemoral grafting or axillofemoral 
grafting may be required [18].

31.5.3 Distal Embolization

Embolization may happen from clamping areas of dis-
eased vessel or from fragmentation of plaque during dis-
section. Embolization may occur to the renal vessels, the 
pelvis, or the legs. Emboli can be large particles causing 
end organ ischemia or microembolic [19]. The incidence 
is 1%–2%. Large particles, when evident, will require 
removal by catheter embolectomy. Microembolization 
to the feet will manifest as the “trash foot” syndrome 
with bluish discoloration, serpiginous color changes to 
the soles, pain, and possibly digital gangrene. Doppler 
signals will be preserved. Renal artery embolization will 
manifest as renal nonoliguric dysfunction. Prevention is 
by careful selection of clamping sites, ideally clamping 
the iliacs before the aorta, and possibly clamping the 
renals if needed before the aorta, in cases where the pre-
operative CT scan reveals a “shaggy” aorta. Adequate 
graft flushing should be done before restoring flow 
distally. When microembolization occurs, consideration 
can be given to anticoagulation to prevent additional 
thrombosis.

31.5.4 Ischemic Colitis

Ischemic colitis is more frequent after aortic aneurysm 
surgery than reconstruction for occlusive disease [20]. 
It is most frequent after surgery for ruptured aneu-
rysm. The exact incidence depends on how aggres-
sively the diagnosis is pursued. Colonic ischemia is 
seen in 4%–7% of elective surgeries and up to half of 
the patients after open ruptured aneurysm repair. 
Clinically, it is seen in 1%–2% of elective cases and 35% 
of ruptures [21]. Contributing factors are hypotension, 
collateral disruptions, or anatomical issues related to 

the inferior mesenteric artery. Signs and symptoms 
include unexplained acidosis, thrombocytopenia, con-
tinuing fluid requirements, early postoperative bowel 
movements (especially if bloody), leucocytosis, and 
abdominal distention. Flexible sigmoidoscopy is the 
test of choice and will guide therapy depending on the 
extent of necrosis. Superficial mucosal sloughing may be 
treated with antibiotics, intravenous fluids, bowel rest, 
and careful monitoring. Cases of suspected transmural 
necrosis require colon resection with stoma formation. 
Prevention involves preservation of flow to the inferior 
mesenteric artery (IMA) if needed and to preserve as 
many of the hypogastric arteries as possible. An IMA, 
which is occluded or is vigorously backbleeding, can 
in general be safely ligated. One that is patent but has 
minimal backbleeding should be reimplanted into the 
aortic graft if possible.

31.5.5 Renal Failure

Acute kidney injury is most often due to bleeding and 
insufficient fluid resuscitation, causing acute tubular 
necrosis. It is therefore more common after ruptured 
aneurysm repair and is seen in up to 70% of those cases. 
Some element of postoperative renal dysfunction is 
seen in 3%–5% of elective open AAA repairs. It can also 
be due to atheroembolization, even from a juxtarenal 
clamp. Suprarenal clamping can cause direct renal isch-
emia as well. Other risk factors include preexisting renal 
dysfunction [22], as well as contrast-induced nephropa-
thy in patients who have received intravenous contrast 
agents. Infrarenal clamping causes a nearly 40% reflex 
decrease in renal cortical blood flow. Preventive mea-
sures include controlling all the variables mentioned 
and minimizing renal ischemic time. Renal perfusion 
with cold saline solution may also be of benefit because 
of a decrease in metabolic demands.

31.5.6 Sexual Dysfunction

The most common type of sexual dysfunction seen 
after aortic surgery is retrograde ejaculation in males. 
It is usually due to damage to the sympathetic plexus, 
which lies next to the IMA, the aortic bifurcation, and 
the origin of the left common iliac artery. Prevention lies 
in minimizing dissection if possible. In patients who are 
potent, the incidence may be as high as 30% [23].

Impotence is common in patients undergoing aortic 
surgery. Nearly half of men undergoing aortic surgery 
are impotent preoperatively. At least half of those who 
are not will have dysfunction postoperatively. Prevention 
should focus on maintaining perfusion to the hypogas-
tric arteries; this may require, in some cases, the use of 
end-to-side proximal graft anastomosis (when the exter-
nal iliac arteries are heavily diseased).
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31.5.7 Spinal Cord Injury

Spinal cord ischemia occurs in less than 1% of infrare-
nal aortic reconstructions [24], but in upward of 10%–
15% for thoracoabdominal aneurysm repairs. It is more 
common with supraceliac clamping and in cases of 
aneurysm rupture. Preventive measures include mini-
mizing supraceliac clamp time and preserving flow to 
the hypogastric arteries that provide collateral flow to 
the spinal cord. In cases of thoracoabdominal aneurysm 
repair, preventive measures include cerebrospinal fluid 
drainage, use of left heart bypass, and reimplantation of 
dominant intercostal vessels. Symptoms can range from 
a posterior sensory syndrome to complete transverse 
myelopathy and paraplegia.

31.5.8 Graft Infection

The incidence of aortic graft infection is less than 5% 
[25]. It is higher in emergency cases or those where the 
graft extends to the groins [26]. Symptoms can range 
from sepsis to anastomotic pseudoaneurysms to non-
specific complaints such as malaise and weight loss. For 
late presentation, a CT scan is helpful in the diagnosis, 
whereas in early infections, CT scan is not as helpful. 
The most common organism is Staphylococcus spp. 
Staphylococcus epidermidis causes more indolent late 
appearing infections. Staphylococcus aureus can cause 
acute or more chronic infections. Preventive measures 
include careful sterile technique, prophylactic antibiot-
ics, and extensions to the groins only when necessary. 
A variety of treatment options have been devised for 
aortic graft infection [27], ranging from total graft exci-
sion with axillobifemoral bypass, replacement of the 
graft with homograft or superficial femoral vein grafts, 
to a combination of serial debridements, antibiotic 
beads placements, and eventual muscle flaps for infec-
tions localized to the groins. Mortality and morbidity 
in terms of limb loss remain very high. Choice of treat-
ment depends on time of presentation, systemic mani-
festations, degree of ischemia, and the microbiology of 
the infection.

31.5.9 Aortoenteric Fistula

Aortoenteric fistula (AEF) is a late appearing complica-
tion seen in less than 0.5% of cases [28]. Aortoduodenal 
fistulas are more common than aortosigmoid fistulas. 
Mortality remains high. Any patient with a prior aor-
tic graft and any form of upper GI bleeding should be 
evaluated for this complication. In addition to a CT scan, 
workup usually entails an upper endoscopy to reach the 
fourth portion of the duodenum. The patient may or may 
not exhibit signs or symptoms of graft infection. The com-
munication does not necessarily involve the suture line, 

in which case, the patient likely will have chronic low-
grade blood loss from mucosal erosions. If the suture line 
is involved, the bleeding will be more brisk, although it is 
not infrequent for the patient to present with a first her-
ald bleeding episode. AEF is best treated [29], with extra-
anatomic bypass followed by total graft excision and 
aortic closure. If the patient is unstable at presentation, 
temporization can be obtained by placing a covered stent 
across the bleeding suture line to allow semi-elective 
treatment. There are case reports of long-term treatment 
with covered stent and antibiotics. Prevention requires 
careful interposition of tissues between the graft and 
bowel. Omentum may be used when there is not enough 
tissue in the retroperitoneum. Any native aortic wall 
should also be used to wrap the graft.

31.5.10 Anastomotic Pseudoaneurysm

Pseudoaneurysms occur in about 3% of aortic cases [30]. 
They are more common at the femoral level where they 
continue to increase with time after graft placement and 
may be present in up to 20% of cases after 15 years. They 
are usually caused by the degeneration of the native 
vessel at the proximal or distal anastomosis. Preventive 
measures consist of trying to use as healthy an arterial 
segment as possible for the anastomoses. Some pseu-
doaneurysms may be a sign of latent graft infection. 
Pseudoaneurysms can enlarge, thrombose, or rupture. 
Groin pseudoaneurysms are more likely to thrombose 
than rupture. Small pseudoaneurysms under 2 cm can 
be observed, while larger ones should be considered for 
treatment. In the groin, this usually involves an open 
revision. In the abdomen, consideration should be given 
for stent graft placement across the anastomosis to try to 
avoid the morbidity of open reoperation [31].

31.5.11 Incisional Hernia

Incidence of incisional hernia is about 5% but may be 
higher in patients with aneurysms [32]. Underlying 
connective tissue problems are believed to play a role. 
The incidence of herniation is higher with the retro-
peritoneal approach to the aorta, where it is nearly 7%. 
What is however more common after a retroperitoneal 
approach is the development of a bulge (pseudohernia) 
in the flank in up to 30% of cases. It is believed to occur 
due to denervation of the muscles from intercostal nerve 
injury. Risk of postoperative bulge is reduced if one does 
not have to extend into the intercostal spaces [33].

31.5.12  Other Complications (Ureteral 
Injury, Lymph Leaks)

Ureteral injuries are seen in less than 0.5% of cases, espe-
cially in cases of large iliac aneurysms or reoperations 
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or inflammatory aneurysms [34]. The ureter can also 
be injured during tunneling of the limbs of an aorto-
bifemoral graft due to devascularization. It is recom-
mended that the graft be placed behind the ureter to 
avoid compressing the latter between the graft and the 
spine. Depending on the type of injury, management 
may consist of ureteral stenting or open reconstruction.

Chyloperitoneum can occur in less than 0.1% of cases of 
abdominal aortic reconstructions [35]. It is due to injury 
to the cysterna chyli at the level of the renal arteries. 
Preventive measures consist of ligating any lymphatics 
seen during dissection of the proximal aorta. Presentation 
is with abdominal distention and ascites within a month 
of surgery. Treatment consists of repeated paracenteses 
and a low-fat diet with medium-chain triglyceride sup-
plementation. Total parenteral nutrition may be needed 
in refractory cases.

Lymph leak can also occur from groin incisions [36]. 
Ligating any lymphatics seen during exposure is a good 
method to try to minimize this complication. Reoperations 
increase the risk. An initial period of nonoperative man-
agement is usually indicated with bed rest and use of a 
VAC. Failure to resolve may require wound exploration.

Lymphoceles can sometimes develop instead of lymph 
leak. Meticulous wound closure with avoidance of dead 
space helps minimize this complication. The patient 
will present with a non-pulsatile lump. Diagnosis is 
confirmed by ultrasound and aspiration. Repeated aspi-
ration under sterile technique with pressure dressings 
may resolve small lymphoceles, although large ones 
will likely require operative ablation [37].

31.5.13 Graft Failure

Most aortic prosthetic grafts will dilate with time up to 
20% over the first decade. True structural failure is very 
rare, although some grafts can become very friable when 
handled at reoperation. Aneurysmal degeneration is a 
more frequent problem with arterial homografts and 
can lead to thrombosis or rupture. Replacement or relin-
ing with stent grafts should be considered.

Vein grafts used to revascularize renal arteries also 
have a tendency to enlarge over time. Aneurysmal 
changes in those veins can be seen in up to 30% of pedi-
atric cases. The problem is less frequent when an artery 
such as the hypogastric artery is used for those cases.

31.6 Vascular Access Surgery

Most procedures performed for vascular access have 
high complication rates. Catheters likely have the high-
est, followed by arteriovenous grafts (AVG) and finally 

arteriovenous fistulas (AVF), which carry the lowest 
and are therefore preferred whenever possible. The 
DOQI (Dialysis Outcomes Quality Initiatives) guide-
lines call for initial creation of AVFs in at least two-thirds 
of patients needing access placement [38,39].

31.6.1 Failure of Maturation

This is likely the most frequent complication seen in AVF 
placement. It is estimated to occur in 15%–25% of cases. 
With the Fistula First initiative and increased attempts 
to place native AVF as opposed to AVG, non-maturation 
rates have been significant as veins of questionable suit-
ability may be used.

Preoperative vein mapping by duplex ultrasound 
should help decrease the rate of non-maturation by 
allowing the selection of appropriate veins [40,41]. Veins 
less than 2.5 mm in diameter (with tourniquet) will have 
higher failure rates, as will donor arteries that are heav-
ily calcified. Diabetics and older patients have a higher 
initial failure rate and more distal AVFs have higher fail-
ure rates than more proximal ones.

AVF should be evaluated at 1 month after placement 
with ultrasound and physical exam. If the fistula is 
not satisfactory in terms of maturation, a fistulagram 
should be performed with the intent to identify and 
angioplasty any stenoses. Juxta-arterial stenosis in the 
veins is most frequent. If the vein is diffusely small but 
the artery good, balloon-assisted maturation may be 
attempted (sequential dilation over the course of several 
weeks). Selected lesions can also be surgically revised. 
A good number of fistulas can be rendered mature with 
these adjunctive techniques [42,43].

Given the incidence of these problems, it is obvious 
that the preferred policy is early referral of patients 
to surgeons for AVF placement and patient education 
to preserve an extremity from venipunctures for AVF 
placement.

31.6.2 Stenosis

Even mature AVFs can develop stenoses. This may be 
detected by physical exam as a pulsatile AVF or by poor 
clearances, high recirculation rates, or high pressures 
during use. Routine monitoring for these issues and 
timely intervention (by angioplasty or surgical revision) 
will improve patency rates.

31.6.3 Graft Thrombosis

Thrombosis is the most common complication of AVG 
placement, occurring in up to 50% within 2 years of 
placement [44]. There are multiple reasons such as low 
blood pressure, arterial disease, excess compression, 
but the most common is the development of intimal 
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hyperplasia at the venous end. Early graft thrombosis 
is usually due to inadequate arterial flow (small vessel) 
or more frequently, due to inadequate venous outflow 
or unsuspected venous stenosis. Use of larger veins 
(such as the axillary) and preoperative vein study by 
ultrasound should help minimize the incidence of early 
thrombosis. Later failure seems more difficult to control 
but a routine program of pressure and flow monitoring 
during hemodialysis should help identify grafts devel-
oping outflow stenoses before thrombosis; angioplasty 
in those cases should prevent thrombosis. Management 
of early postoperative graft thrombosis is by surgical 
declotting with completion venography to identify and 
treat stenoses. Later thromboses can be managed by 
percutaneous or open thrombectomy, focusing on the 
intimal hyperplasia likely present at the venous end 
with patching or angioplasty/stenting. Open revision 
may be minimally better than percutaneous interven-
tion, but both have patencies usually less than 1 year.

AVF thrombosis occurring early is usually due to a 
poor-quality vein. Unless the surgeon suspects a tech-
nical issue with kinking or the anastomosis, the prob-
lem is best addressed by creating a new access after 
evaluation of the arterial and venous segments. Precise 
incidence is difficult to measure but is likely related to 
the willingness of the surgeon to use borderline veins 
in persistent efforts at AVF creation. Late thrombosis 
is related to underlying stenosis. Autogenous veins do 
not do as well with thrombectomy (open or percutane-
ous) as AVGs do, likely because of endothelial damage. 
Thrombectomy should be attempted but the mid-term 
patency rates are less than 20%.

31.6.4 Seroma

Seroma formation is generally limited to AVG cases, 
rather than AVF, with a very low incidence (<0.5%) [45]. 
It is usually sterile fluid at the arterial end. Aspiration 
may resolve the problem, though infection is a risk. In 
some cases, graft replacement is needed.

31.6.5 Infection

Infection is a more common problem with AVG than 
AVF, especially with those placed in the groin where 
the incidence is much higher than 5%. It can happen 
with AVF, especially at sites of aneurysm that erode 
to the skin. The signs include redness, tenderness, cel-
lulitis, and possible purulent discharge. Management 
depends on timing of presentation and absence or pres-
ence of signs of systemic sepsis. Early infection will usu-
ally require removal of the entire graft. Late infection 
may sometimes be treated by wide bypass around the 
infected area and by removal of the infected segment, 
provided no signs of systemic sepsis are present.

31.6.6 Pseudoaneurysm

Pseudoaneurysms more commonly occur in AVG 
(2%–10%) but are less common in AVF. They are not 
necessarily associated with infection. Enlarging ones or 
those associated with severe thinning of the overlying 
skin (especially those adherent to the skin) should be 
considered for open surgical repair or stent graft place-
ment to exclude the pseudoaneurysm segment.

31.6.7 Aneurysms

Those are more common with native AVFs than 
AVGs. Indications for treatment are the same as for 
pseudoaneurysms. Open repair is preferred to avoid 
placement of prosthetic materials. It is important to 
first perform a fistulagram to identify any associated 
stenoses that may be the underlying cause of aneu-
rysm formation.

31.6.8 Steal Syndromes

Steal represents an under perfusion of the hand or 
extremity distal to the AVF, due to preferential flow 
of the blood into the AVF or AVG [46]. It is manifested 
as coldness, numbness, pain, decreased strength, and 
muscle weakness. It can develop acutely immediately 
after AVF or AVG placement or more insidiously over 
time. The symptoms may be present at rest in severe 
cases, or only during dialysis in milder cases. The inci-
dence of clinically significant steal ranges from 1% for 
distal forearm AVFs to almost 10% for brachial-based 
AVGs. The risk factors include peripheral arterial dis-
ease, diabetes, large conduit AVF or AVG, and use of 
the brachial artery as arterial donor. Testing for steal is 
based on flat or diminished finger photoplethysmogra-
phy (PPG), which improves with AVF or AVG compres-
sion. It is important to note that many more patients 
will have abnormal such tests without any symptoms 
of steal. Angiography of the extremity is recommended 
for patients with steal [47]. Any lesions proximal to 
the access should be treated by endovascular or open 
means. If the disease is only distal, attempts can be 
made to address that by endovascular means. If not 
successful or satisfactory, options included banding 
the access, moving the inflow more proximally to the 
axilla or distally to the wrist, distal revascularization 
and interval ligation (DRIL procedure), and lastly, liga-
tion of the access.

31.6.9 Limb Swelling and Central Vein Problems

The causes of venous hypertension include central 
vein stenosis and incompetent peripheral veins. The 
result is edema, venous congestion, and discoloration. If 
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significant, it may lead to inefficient dialysis. If the prob-
lem is incompetent peripheral veins causing retrograde 
flow down the forearm, these veins should be ligated 
or coiled by endovascular means. Central venous steno-
sis is more difficult to manage and is the more frequent 
problem unfortunately. Between 5% and 20% or dialy-
sis patients will develop a central vein stenosis at some 
point in time [48]. Prior catheters are a frequent culprit 
as is the increased flow from the AVF or AVG. Stenoses 
are treated with angioplasty percutaneously [50]. This 
modality is limited by a high recurrence rate. Stents 
may help but are also limited by restenosis. Covered 
stents may be superior to bare metal stents in those 
cases. Surgical bypasses may be performed but at the 
cost of sternotomy and morbidity. In some cases, liga-
tion of the access after creation of an access elsewhere 
may be needed.

31.6.10 Neuropathy

Ischemic monomelic neuropathy is seen in less than 
0.5% of access placements [49]. It is usually associated 
with brachial-based accesses, seen in diabetic patients, 
and develops very quickly after access placement. It is 
differentiated from classic steal by the presence of what 
appears to be adequate hand perfusion and color. It is 
manifested by pain and severe weakness of the mus-
cles of the hand and forearm. It is thought to be related 
to relative ischemia of nerves and is treated by either 
banding or ligation of the access. It should be differenti-
ated from carpal tunnel syndrome, which has increased 
prevalence in dialysis patients but is more insidious in 
onset and has symptoms limited to the median nerve 
distribution.

31.7 Acute Limb Ischemia and Embolectomy

The mainstay of open treatment of acute limb isch-
emia is thromboembolectomy using balloon Fogarty 
catheters.

31.7.1 Intimal Injuries and Dissections

Balloon embolectomy catheters have a risk of causing 
intimal injury, dissection, or perforation. Dilation may 
lead to intimal hyperplasia and vessel narrowing. The 
exact incidence of these complications is not known. 
Prevention consists of using the gentlest possible tech-
nique and smallest possible balloon. Incomplete clot 
removal is not uncommon either, if routine angiography 
is not used at completion.

31.7.2 Recurrent Ischemia

Recurrent ischemia may develop from recurrent embo-
lization [50]. Inadequate full systemic anticoagulation 
can be a predisposing factor. Recurrent embolism can 
occur despite anticoagulation in up to 10% of cases. 
Incomplete clot removal at initial surgery may also 
lead to thrombus propagation and recurrent ischemia. 
Vessel injury from the catheter work may also lead to 
thrombosis. Prevention should focus on adequate anti-
coagulation after clot removal.

31.7.3  Reperfusion Injury and 
Compartment Syndrome

Reperfusion will lead to edema in the muscle com-
partments [51,52]. If untreated, this may lead to a com-
partment syndrome with resultant nerve dysfunction 
and muscle necrosis. Long term, this is referred to as 
Volkmann’s ischemic contracture. Muscle necrosis 
leads to release of potassium, myoglobin, and tumor 
necrosis factor (TNF) in the circulation. Alternatively, 
revascularization after prolonged ischemia leads to 
reperfusion of ischemic muscle with the same factors 
released in the circulation. Myoglobin can precipi-
tate in the renal tubules, causing acute renal failure. 
Hyperkalemia can lead to arrhythmias. TNF release 
can lead to lung injury.

Prevention consists of performing fasciotomy, either 
prophylactically after prolonged ischemia or if any 
signs of compartment syndrome develop after reper-
fusion. The patient should be adequately hydrated to 
induce a diuresis and alkalinized to reduce the effects of 
hyperkalemia and decrease the likelihood of myoglobin 
precipitating in the renal tubules.

31.7.4 Complications of Fasciotomy

Fasciotomy-related complications are frequent, espe-
cially bleeding, given the fact that most of these patients 
are anticoagulated [53]. If any muscle necrosis is present 
when fasciotomy is done, there will be a risk of signifi-
cant infection with resultant limb loss. Incomplete fas-
ciotomy, especially of the deep compartments, may lead 
to unrecognized muscle necrosis. Poor surgical tech-
nique on the lateral upper aspect of the calf may lead to 
peroneal nerve injury.

Incidence of Selected Complications

Complication Incidence References

Peripheral procedures
Early graft thrombosis 5% [1]
Prosthetic graft infection 3% [2]
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Complication Incidence References

Vein graft stenosis 15%–20% over 2 years [7]

Carotid endarterectomy
Stroke 1% for asymptomatic 

and 5% for 
symptomatic

[9,10]

Reperfusion 0.5% [12]
Neck hematoma 5% [13]
Permanent cranial nerve 

injury
0.5% [14]

Pseudoaneuryms 0.5% [16]
Recurrent stenosis 10% at 5 years [17]

Aortic surgery
Ischemic colitis 1% for elective cases; 

up to 35% for 
ruptured AAAs

[20,21]

Renal failure 3%–5% for elective 
cases

[22]

Sexual dysfunction 30% [22]
Spinal cord injury <1% in infrarenal cases [24]
Graft infection 1%–5% [25,26]
Aortoenteric fistula <0.5% [28]
Pseudoaneurysm 3% [30]
Hernia 5% for transabdominal [32]

Access procedures
Failure of AVF maturation 15%–25% [42,43]
Graft thrombosis Up to 50% at 2 years [44]
Steal 1%–10% depending on 

definition
[46,47]

Central vein stenosis 5%–20% [48]

Procedures for acute 
ischemia

Recurrent embolism 10% [50]
Reperfusion injury/

compartment syndrome
20% [51,52]

Selected Complications and Methods of Prevention

Complication Means of Prevention

Bypass vein graft failure Duplex surveillance to detect and repair 
stenoses

Stroke form CEA Develop a routine way to assess 
cerebral perfusion during CEA

Recurrent carotid stenosis Patch use, statins?
Sexual dysfunction after 
aortic surgery

Nerve preservation at aortic bifurcation 
and left iliac artery

Aortoenteric fistula Coverage of graft; omental interposition
Ischemic colitis after 
aortic surgery

Preserve flow to at least one 
hypogastric artery; reimplant inferior 
mesenteric artery when patent but 
with minimal backbleeding

AVF non-maturation Careful preoperative vein mapping; 
surveillance for stenosis and 
appropriate angioplasty

AV graft thrombosis Routine monitoring for signs of stenosis 
during hemodialysis

Complication Means of Prevention

Central vein stenosis Avoid the subclavian vein for catheters; 
early referral for AVF placement to 
avoid catheters completely

Recurrent embolization Routine systemic anticoagulation
Compartment syndrome Selective fasciotomies versus very close 

monitoring
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A dislocation is a complete disruption of a joint so that the 
articular surfaces are no longer in contact. Most often, the 
cause of the dislocation is a traumatic event, and the result is 
a loss of structural stability of the joint. Traumatic dislocation 
usually causes pain, deformity of the involved extremity, and 
marked limitation of joint motion. Appropriate treatment of a 
dislocation involves careful neurovascular evaluation, radio-
graphic studies, and prompt reduction of the involved joint. 
Complications and long-term sequela of traumatic dislocation 
include neurovascular injuries, avascular necrosis, hetero-
topic bone formation, posttraumatic arthritis, musculotendi-
nous injuries, joint instability, and joint stiffness.

32.1 Vascular Injuries

Vascular injury can occur in the involved extremity 
because the joint is forcibly displaced from its anatomic 
location. The medical literature contains reports of 
200 cases of vascular injury after shoulder dislocations 
[1]. Most of these cases involved elderly patients, whose 
vessels are stiffer and more fragile. The axillary artery 
consists of three sections that lie medial to, behind, and 
lateral to the pectoralis minor muscle. The second sec-
tion of the artery is most commonly injured when the 
thoracoacromial trunk is avulsed, and the third section 
is most commonly injured when the subscapular and 
circumflex branches are avulsed [2]. The mechanism 
of injury is believed to be the forced abduction and 

external rotation of the shoulder. Because the humeral 
head dislocates anteriorly, the artery becomes taut and 
is displaced forward. Because the artery is relatively 
fixed at the lateral margin of the pectoralis minor mus-
cle, this forward displacement causes the pectoralis 
minor muscle to act as a fulcrum over which the artery 
is deformed and ruptured. Patients with axillary artery 
injuries resulting from shoulder dislocation experience 
pain, an expanding hematoma, pulse deficit, peripheral 
cyanosis, pallor, and neurologic dysfunction. Treatment 
requires emergent vascular repair.

Vascular injuries have also been reported after elbow 
dislocations. Approximately 30 cases of brachial artery 
disruption have been reported after elbow dislocations 
[3]. Brachial artery injury occurs most often with open 
dislocations and in the presence of associated fractures.

The most common dislocation resulting in vascular 
injury is dislocation of the knee (Figure 32.1). Green 
and Allen, in a review of 245 knee dislocations, found 
a 32% incidence of popliteal artery injury in association 
with traumatic dislocation of the tibiofemoral joint [4]. 
Anatomically, the popliteal artery is tethered proxi-
mally to the femur in the adductor hiatus and distally 
to the fibula by the fibrous bands of the soleus fascia. 
This tethering of the artery explains the high incidence 
of vascular injury in association with disruption and 
subsequent displacement of the knee joint (Figure 32.2). 
Posterior dislocations (posterior displacement of the 
tibia) can result in complete transection of the artery 
because the vessel impacts the posterior rim of the tibial 
plateau. Anterior dislocations (anterior displacement of 
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the tibia) typically cause a contusion of the vessel with 
intimal injury. Diagnosis of arterial injury associated 
with knee dislocation can be reliably and rapidly made 
noninvasively with the use of the ankle brachial index 
(ABI). Mills et al. reported a 100% sensitivity, specificity, 
and positive predictive value for an ABI value below 0.90 
in the diagnosis of vascular injury associated with knee 
dislocation. Furthermore, they were not able to support 
routine arteriography as a diagnostic tool in the set-
ting of these acute injuries [20]. Popliteal artery injuries 
are a surgical emergency requiring immediate repair. 
Consensus exists among traumatologists that circula-
tion to the extremity needs to be restored within 6–8 h 
if the risk of amputation is to be minimized because an 
amputation rate of 85% has been reported for cases in 
which the popliteal artery injury was left untreated or 
was not repaired within 8 h [5].

32.2 Neural Injuries

In the event of the joint being dislocated, the surround-
ing neural structures can be contused, stretched, or even 
lacerated. The sciatic nerve, specifically the peroneal com-
ponent, is injured in 8%–19% of patients who sustain a 
posterior dislocation of the hip [6]. Epstein et al. [7] postu-
lated that one of the most important factors in the produc-
tion of sciatic nerve injury is the marked internal rotation 
of the hip that occurs at the time of dislocation. The inter-
nal rotation causes a winding and tightening of the sciatic 

FIGURE 32.1
Posterior dislocation of a knee. The direction of the dislocation is 
determined by the position of the tibia relative to that of the femur.

(a) (b)

FIGURE 32.2
Angiogram of a knee after dislocation. Note the beading of the vessel just proximal to the knee joint. This finding indicates intimal damage to 
the popliteal artery. (a) Normal angiogram of the popliteal artery at the knee and (b) angiogram after knee dislocation with popliteal injury.
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nerve. As the hip dislocates posteriorly, it directly con-
tuses or entraps the nerve, and this contusion or entrap-
ment often results in peroneal nerve palsy. These nerve 
injuries must be recognized early because nerve tissue 
does not tolerate pressure well and permanent ischemic 
changes occur quickly. Treatment again involves a thor-
ough physical and radiographic examination followed 
by a prompt reduction. Most reports of series of patients 
show that 60%–70% of patients with sciatic nerve palsy 
eventually experience functional recovery [8].

The axillary nerve is the neural structure most com-
monly injured in association with shoulder dislocations. 
Axillary nerve injury has been reported to occur with 
5%–33% of all shoulder dislocations; it is most common 
among elderly patients, after high-energy trauma, and 
in association with long-standing dislocations [9]. The 
axillary nerve lies directly across the anterior surface 
of the subscapularis muscle. As the humeral head dis-
places the subscapularis muscle and tendon forward 
and anterior in glenohumeral dislocations, traction and 
direct pressure are produced on the axillary nerve and 
result in injury to the neural structures. The diagnosis 
of nerve injury is made on the basis of neurologic signs 
such as weakness or numbness after dislocation. Blom 
and Dahlback demonstrated that the usual sensory test-
ing of the axillary nerve on the skin of the lateral arm 
just above the deltoid insertion yields unreliable diag-
nostic findings [10]. Most axillary nerve injuries are trac-
tion neuropraxias and will recover completely.

Common peroneal nerve palsies can result after knee 
dislocations. Typically, 20%–40% of knee dislocations, 
primarily those involving lateral and posterolateral dis-
locations of the tibia, result in peroneal nerve palsies 
[11]. Approximately half of these palsies are permanent. 
Treatment involves symptomatic care with the use of 
assistive ambulation devices, possible surgical explora-
tion, tendon transfers, or nerve grafting.

32.3 Avascular Necrosis

Avascular necrosis of the femoral head is a well-
recognized complication after posterior dislocation 
of the hip. The incidence of avascular necrosis varies 
from 6% to 40% after posterior dislocation of the hip 
[12]. The cause of the avascular change is believed to be 
ischemia, caused by damage to the vessels of the liga-
mentum teres and the retinaculum of Weitbrecht. Both 
the degree of initial trauma and the time during which 
the hip remains dislocated have been found to directly 
correlate with the likelihood of avascular necrosis. 
Hougaard and Thomsen reported that reduction within 
6 h of injury substantially decreased the incidence of 

avascular necrosis [13]. Therefore, prompt reduction 
is mandated in all cases of hip dislocation. Avascular 
necrosis has been reported to occur as long as 2–5 years 
after posterior dislocation of the hip. Thus, careful mon-
itoring and follow-up must be maintained after reduc-
tion if possible avascular changes are to be detected. If 
avascular necrosis is not diagnosed early, femoral head 
collapse and traumatic arthritis will result.

32.4 Heterotopic Bone Formation

Heterotopic ossification of the surrounding soft tissue can 
occur as a result of traumatic joint dislocation. This condi-
tion is most frequently noted after elbow dislocation and 
occurs in as many as 75% of cases [14]. The most common 
sites of periarticular calcification are the anterior elbow 
region and the collateral ligaments. Ectopic bone forma-
tion is associated with delayed surgical intervention, 
closed head injury, and aggressive passive elbow joint 
manipulation after dislocation. If heterotopic bone forma-
tion is limiting joint motion, resection of the involved bone 
should be delayed until the ossification appears mature 
on plain radiographs, typically 6 months after the initial 
trauma. Radiographic maturation is characterized by 
well-defined cortical margins with linear trabeculations.

Ectopic bone formation has also been reported after 
hip dislocation (Figure 32.3). Epstein reported a 2% inci-
dence of myositis ossificans after hip dislocation [15]. 
The ectopic bone formation is believed to result from the 

FIGURE 32.3
Heterotopic ossification of the soft tissues surrounding the hip joint 
after posterior dislocation of the hip.
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initial muscle damage, the formation of hematoma, and 
the influx of inflammatory mediators. The severity of 
the traumatic dislocation seems to be the best predicator 
of the occurrence of bone formation in the surrounding 
tissue. Restriction of motion is not common; therefore, 
treatment is based on symptoms and the recommended 
excision time of the extraosseous tissue correlates with 
the maturity of the ectopic bone.

32.5 Posttraumatic Arthritis

The traumatic process of a joint dislocation can perma-
nently and irreversibly injure the articular cartilage lin-
ing of the involved joint. This injury to the cartilage can 
lead to the development of osteoarthritis. The severity 
of the initial trauma and the structural damage to the 
articular surface are the primary factors in determining 
the later development of posttraumatic arthritis. Hip 
and ankle dislocations are most commonly associated 
with the later development of arthritic changes.

32.6 Musculotendinous Injury

Dislocation may disrupt surrounding muscles and ten-
dons and cause a functional disability. Anterior and 
inferior glenohumeral dislocations can injure the rotator 
cuff of the shoulder. Tijmes et al. [16] reported rotator cuff 
tears in association with 28% of anterior dislocations. 
The frequency of this complication increases with the 
age of the patient. Thirty percent of patients older than 
40 years and 80% of patients older than 60 years typically 
sustain rotator cuff tears with dislocations [16]. Injury to 
the rotator cuff causes pain and weakness with exter-
nal rotation and abduction of the shoulder. Treatment 
involves appropriate radiographic studies to assess the 
extent of the rotator cuff tear, conservative therapy, and 
possibly surgical repair.

32.7 Instability

Traumatic dislocations can seriously injure the support-
ive structures of the joint, thus rendering it unstable 
during physiologic motion. This instability is most com-
mon after glenohumeral dislocations in young patients. 
McLaughlin and MacLellan [17] observed recurrence 
of 95% of 181 primary traumatic dislocations of the 

shoulder in teenagers. Most of the secondary disloca-
tions occurred within 2 years of the initial traumatic 
dislocation. This increased rate of instability is linked to 
the high incidence of disruption of the labral attachment 
of the anterior–inferior glenohumeral ligament and of 
fracture of the anterior–inferior glenoid rim (Bankart 
lesion) after dislocations. Disruption of the anterior–
inferior glenohumeral ligament, which is the primary 
static restraint to anterior shoulder dislocation, increases 
the patient’s susceptibility to repeated dislocation dur-
ing abduction and external rotation. Treatment involves 
sling immobilization and possibly surgical intervention.

Hip dislocation can also result in persistent joint insta-
bility. Lutter reported the occurrence of repeated dislo-
cations after approximately 1% of hip dislocations [18]. 
Instability is believed to be linked to repeated injury, 
a shallow acetabulum or deficient posterior rim, and 
massive soft-tissue injury. Treatment typically involves 
some form of capsular plication.

After traumatic elbow dislocation, insufficiency of the 
lateral elbow ligaments can lead to elbow instability. 
Injury to the ulnar lateral collateral ligament is primar-
ily responsible for this lack of stability. With injury to 
the ulnar collateral ligament, the elbow subluxates with 
elbow supination and flexion. Typically, nonoperative 
treatment with elbow immobilization is adequate to 
allow regaining the stability of the joint.

Most dislocations of the knee involve tears of the 
central pivot, including both the posterior cruciate 
ligament and the anterior cruciate ligament. The col-
lateral ligaments are also frequently disrupted in dis-
locations of the tibiofemoral joint. Incompetence of 
these ligaments—which are the primary stabilizers 
to anterior, posterior, varus, and valgus stresses—
makes the knee quite unstable and severely limits the 
patient’s ability to ambulate. Current treatment guide-
lines recommend early (within 1–2 weeks) surgical 
reconstruction or repair of all involved ligamentous 
structures so that stability and mobility of the knee 
can be maximized.

32.8 Joint Stiffness

Stiffness of the elbow joint is very common after trau-
matic dislocation. Most patients will lose the terminal 
10°–15° of elbow extension after elbow dislocation. The 
stiffness is frequently caused by thickening and fibro-
sis of the anterior joint capsule. Early active mobiliza-
tion, usually within 2 weeks of injury, is necessary if 
this complication is to be minimized. Elbow capsular 
release can be considered if an elbow contracture of 
more than 30° persists after 6 months of therapy.
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Incidence Rates and Complications Associated with Joint Dislocations

Joint

Rate per 
1000-Member 

Years [1] Complications

Sternoclavicular [2] 0.002 Nonoperative: Anterior dislocations—cosmetic deformity, instability, late DJD and 
pain; Posterior dislocations—great vessel compromise, tracheal or esophageal 
injury, brachial plexus compression, dysphagia, voice changes; Operative: 
migration of transfixion pins, infection, limited shoulder mobility due to resection 
of medial clavicle, posterior spurring

Acromioclavicular [2] 0.108 Nonoperative: DJD-70% (Type I), 75% (Type II); pain-36% (Type I), 48% (Type II); 
distal clavicle osteolysis; operative: pin migration, hardware failure, clavicle 
erosion, recalcification of distal clavicle resection

Scapulothoracic [3] 0.007 Death (11%), amputation (24%), flail upper extremity (39%), ischemic 
complications (<10%), exsanguination (6%) brachial plexus avulsions (complete 
vs. incomplete)

Shoulder [4] 0.131 Associated fractures (30%–55%) including Hill–Sachs lesion (68%) and greater 
tuberosity (12%–15%), neurologic injury (21%–65%), vascular injury (rare)

Elbow [5] 0.076 Brachial artery disruption (rare), ulnar nerve injury (rare), stiffness, heterotopic 
ossification (75%), DRUJ instability, instability to valgus stress (100%), instability to 
varus stress (25%–50%)

Wrist [6] 0.007 Loss of 30%–40% total arc wrist motion, post-traumatic arthritis, chronic 
instability, hardware irritation

Hip [7] 0.012 Ipsilateral knee soft tissue injury (89%), sciatic nerve injury (10%–15%), 
osteonecrosis (11%–34%), posttraumatic arthritis (16%)

Patella [8,9] 0.567 Osteochondral fracture (52%–76%), loose body (22%), recurrent dislocation (17%)
Knee [10,11] 0.017 Popliteal artery injury (32%–45%), neurologic damage (16%–40%), inability to 

return to high-demand sports, DVT
Ankle [12,13] 0.01 Posttraumatic arthritis subtalar joint (63%) and midfoot (72%), bone lesions 

(47%–64%), talar osteonecrosis (10%–29%), talar joint stiffness
Tarsometatarsal [14,15] 0.034 Posttraumatic arthritis (26%), broken hardware (2%–25%), late fracture 

displacement (<4%), decreased ROM

How to Avoid Complications of Dislocations

Complications Methods of Avoidance Comments

Vascular injuries Prompt reduction, rapid transfer to 
trauma center, restoration of 
normal circulation

Must restore circulation within 6–8 h to minimize risk for 
amputation [5]; effective treatment can be administered 
without a preoperative angiogram [16]

Neural injuries Prompt reduction Avoid use of tourniquet during subsequent surgical repair of 
joint in the presence of known neural injury to prevent second 
ischemic insult [17]

Avascular necrosis Prompt reduction, close follow-up Reduction of hip joint within 6 h decreases incidence; close 
follow-up of the patient is needed to detect the development 
of a vascular necrosis early

Heterotopic bone 
formation

Recognize patients at risk; treat with 
indomethacin or radiation therapy

Radiation after acute elbow trauma may increase nonunion 
rates [18]

Posttraumatic 
arthritis

Anatomic surgical reduction of joint 
surface, restoring joint stability

Ankle is at greater risk of developing post-traumatic 
osteoarthritis than the knee, therefore restoration of articular 
congruity of the tibiotalar joint is critical [19]

Musculotendinous 
injury

Early recognition and advanced 
diagnostic imaging

Rotator cuff injury rate with anterior dislocations increases 
with age (Tijmes et al. [16] from original chapter)

Instability Recognition of at-risk patients, 
appropriate early surgical and 
therapy protocols

Teenagers have increased rate of shoulder re-dislocation 
(McLaughlin and MacLellan [17] from original chapter); 
presence of a shallow acetabulum or deficient posterior rim 
can predispose to hip re-dislocation

Joint stiffness Early active mobilization of elbow Mobilize elbow within 2 weeks of injury, consider elbow 
contractural release if contracture of more than 30° persists 
after 6 months of therapy
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33.1 Introduction

Indications for and complications from amputation have 
changed over time. Early amputations in the history 
of mankind were mostly from trauma and associated 
with hemorrhage as the major complication, followed 
closely by infection. While both of these have improved, 
mortality remains a major complication today, mostly 
because of advancing age and debility of patients under-
going amputation today. Peripheral vascular disease is 
responsible for approximately 60%–70% of extremity 
amputations nowadays, diabetes mellitus for 10%–20%, 
and trauma for another 10%–20% [1].

Complications from amputation can be divided into 
(1) local issues such as wound necrosis and nonhealing, 
infection, bleeding and hematomas, contractures, as 
well as incisional and phantom pain and (2) systemic 
complications such as mortality, cardiac or pulmonary 
issues, and venous thromboembolism.

33.2 Local Wound Complications

These are the most common complications following 
amputation surgery. A recent review of a large national 

database found a wound occurrence rate of 10.4% for 
below-the-knee amputations (BKA) and 7.2% for above-
the-knee amputations (AKA) [2]. These numbers repre-
sent some of the better ones reported in the literature, 
with most series reporting much higher rates of wound 
complications for both BKA and AKA.

Conditions that interfere with wound healing, such 
as diabetes mellitus, malnutrition, or steroid treatment, 
are associated with a higher rate of wound infections, 
dehiscence, and repeated amputation [3]. Prior radiation 
in the case of amputation for malignancy also increases 
the risk of complications. Patients with uncontrolled 
infections also have a higher rate of complications. The 
general incidence of wound infection is 10%–30% but 
may be as high as 60% when the limb is infected [4]. 
Smokers also have a higher rate of infection than non-
smokers (42% vs. 22%) [5]. Nicotine induces the release 
of catecholamines, which reduce cutaneous blood flow. 
Patients with chronic renal failure have a higher com-
plication rate (61% vs. 9%) than patients without renal 
failure [6]. A number of studies have also shown that 
prolonged delay of needed amputation is associated 
with increased risk of complications such as wound 
problems in addition to increased risk of deep venous 
thrombosis (DVT), phantom pain, and delirium [7,8]. It 
is still not very clear as to whether a failed prior open 
vascular reconstruction increases the risk of local com-
plications following amputation. A prospective study of 
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234 amputations determined that patients who had a 
previous bypass had a higher rate of stump infection 
and required, in general, higher-level amputations than 
patients without prior bypass [9]. In the case of traumatic 
amputations, it is important that all devitalized tissues 
be appropriately debrided and irrigated to decrease the 
risk of infection.

Diabetic control and nutritional status should be 
optimized as much as possible. Any infection should 
be grossly controlled prior to definitive amputation 
closure; debridements and prior open amputations 
may be required beforehand. In extreme situations, in 
which severe infection requires an emergent amputa-
tion, an open guillotine procedure may be performed 
first, followed by definitive higher amputation sev-
eral days later. Anaerobic and mixed flora infections 
should be covered with broad-spectrum intravenous 
antibiotics in diabetics. Even in noninfected cases, 
prophylactic antibiotics should be considered in the 
perioperative period. The use of prophylactic antibiot-
ics has been found to reduce the rates of wound infec-
tion and repeated amputation by as much as 50% [10]. 
Ideally, smoking cessation should take place a week or 
more before elective amputation. Amputation should 
be performed expeditiously. If the patient is critically 
ill and the limb has wet gangrene or severe acute isch-
emia, a physiologic bedside cryoamputation using dry 
ice limb immersion and tourniquets can be consid-
ered as a temporizing measure to control sepsis and 
allow physiologic stabilization [11]. When cryoampu-
tation is performed, formal surgical amputation may 
be deferred for 24–48 h and may reduce mortality in 
critically ill patients.

Failure to heal is not uncommon in limbs with isch-
emic issues. Some studies have reported nonheal-
ing rates around 20% [12]. In those limbs, more distal 
amputations have a higher risk of nonhealing [2]. 
Paradoxically, for BKA, younger patients seem more 
prone to wound problems possibly because of more 
aggressive vascular disease [2]. For AKA, an increased 
body mass index has been associated with increased 
wound complications. The most common reason for 
failure to heal is low oxygen delivery to the wound 
because of primary vascular insufficiency related to an 
incorrect choice of the level of amputation. The more 
distal the amputation level, the more limited the oxy-
gen delivery to the tissues and greater the likelihood 
of wound breakdown. Other reasons for healing fail-
ure are increased pressure in the wound caused by 
undrained hematoma or short flaps, sutures that are 
too tight, infection, an excessively long fibula, inade-
quate beveling of the tibia, and/or immunosuppressive 
medications. Drains are still controversial but used 
occasionally to prevent hematomas that may affect 

subsequent healing. Some studies suggest a higher risk 
of infection with drain use [13].

Meticulous surgical technique is important to mini-
mize the risk of complications. For instance, usage of 
cautery at the skin edges should be avoided, sutures 
should be left in place for about 3 weeks before removal, 
and perioperative low-dose anticoagulation should be 
used to minimize stump vessel thrombosis.

A more distal amputation increases the rehabilitation 
potential at a cost of increased wound complications and 
nonhealing. A nonambulatory or neurologically debili-
tated patient or one with a joint contracture is likely best 
served by a more proximal amputation. For example, a 
chronically bed-bound patient with gangrene of the foot 
may have a more optimal outcome and reduced hospi-
tal length of stay when treated with prompt AKA, even 
though BKA would have initially sufficed for control of 
sepsis.

There have been several methods proposed to try 
predict optimal amputation levels. Transcutaneous oxy-
gen measurements (TcPO2) are often used and values 
greater than 30 mmHg are recommended. A palpable 
distal pulse is also a good prognostic indicator [14]. 
Intraoperatively, the muscle should appear viable with 
arterial bleeding and contraction with electric stimula-
tion. Adequate but not excessive muscle coverage should 
be available.

33.3 Pain Issues

Neuroma of the stump can cause severe deep and dull 
localized pain that persists for months after amputa-
tion. A neuroma will form after nerve transection but 
normally does not cause discomfort unless the area is 
subjected to excessive pressure or is not covered by suf-
ficient soft tissue. The best strategy for minimizing the 
clinical manifestations of neuroma is cutting the nerve 
deep in the muscle tissue and allowing it to retract dur-
ing the primary operation. Opinions vary as to whether 
ligating the nerve helps prevent or promote pathologic 
neuroma formation. Coverage of the nerve stump with 
adequate soft tissue to avoid trauma from the prosthesis 
seems intuitive.

The most common postamputation pain syndrome 
is phantom pain. Almost all amputees experience 
phantom limb sensation, which is the feeling that the 
missing limb is still present. In some, however, this 
sensation presents as a poorly localized pain. Its inci-
dence is at least 30%–50% [1]. Three major character-
istics define this syndrome: (1) pain that lasts for some 
time after the wound has healed; (2) pain elicited by 
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the activation of trigger zones; and (3) pain that resem-
bles the pain experienced preoperatively [16]. A high 
level of pre-amputation pain in the limb may predis-
pose to phantom limb pain [17]. Furthermore, the like-
lihood of phantom pain is correlated with the site of 
the amputation; the higher the level of amputation, 
the more likely the phantom pain. Phantom pain is 
more likely after upper-extremity amputations than 
after lower-extremity amputations. The etiology is 
very complex and treatment methods included narcot-
ics, gabapentin, sensory discrimination training, and 
the use of more functional prosthesis and aggressive 
rehabilitation [18]. A recent prospective trial has sug-
gested that optimized perioperative analgesia, in terms 
of maximal use of narcotics and gabapentin agonists, 
reduces chronic phantom limb pain [19].

The third pain syndrome seen after amputations is 
causalgia or reflex sympathetic dystrophy (RSD). It is 
more often seen after traumatic amputations. It pres-
ents with a burning pain, hyperesthesias, and edema. 
In its chronic stage, skin mottling and contraction will 
happen. Sympathectomy can be helpful treatment when 
done in the acute phase.

33.4 Prosthesis Problems

Failure of primary fitting of the prosthesis is usually 
related to inadequate shaping of the stump, or to flexion 
contracture of the proximal joint (more than 9° at the 
hip or 15° at the knee). Contracture in turn can be due to 
failure to maintain the proper postoperative position of 
the stump, or due to failure to provide adequate physi-
cal therapy. The use of a cast postoperatively can help 
prevent contractures; a cast must be carefully padded, 
however, to prevent pressure necrosis, especially at the 
patella in dysvascular limbs. Inadequate shaping of a 
stump is sometimes related to a stump being too short 
or too close to a joint; appropriate preoperative planning 
is most helpful to avoid this.

Failure of fitting after initial successful fitting is usu-
ally due to progressive stump shrinkage. Other causes 
can be the development of calluses or ulcers, persistent 
neuropathic pain or progression of peripheral arterial 
disease with ischemic pains, formation of bone spurs, 
or overgrowth. Orthopedic problems in the proximal 
joints can also interfere with successful prosthetic use. 
Refitting with a new prosthesis may be required. Bursitis 
can sometimes develop when there is increased friction 
or pressure on a moving part; revision of the prosthe-
sis is usually needed to recess the area of increased 
pressure.

33.5 Long-Term Dermatologic Complications

Dermatologic problems on the stump can affect 15%–40% 
of cases, depending on the definition. The prevalence is 
higher if one includes wounds and abscesses [20]. The 
combination of pressure and friction within the pros-
thesis socket can cause epidermoid cysts, which may 
become infected and are very likely to recur, even after 
surgical removal. The most dramatic skin complication 
is verrucous hyperplasia. Proximal constriction in the 
socket without adequate distal tissue support causes 
extreme skin edema with wart-like appearance and 
occasional exudation. Surgical reshaping of the distal 
stump will gradually correct this problem. Prosthetic 
revision is also likely to be required.

33.6  Mobility Complications and 
Return to Function

Ambulating with a prosthesis requires increased energy. 
A patient with a unilateral BKA needs at least 10% more 
energy for ambulation than a nonamputee of similar age. 
The energy requirement for ambulation is increased by 
50% for unilateral AKA [21]. Many elderly patients who 
undergo amputation are debilitated or have very limited 
cardiopulmonary reserve and cannot meet the increased 
energy requirements for ambulation. Any postoperative 
complication also decreases the likelihood of successful 
ambulation. Psychological factors such as depression or 
anxiety also decrease the likelihood of successful reha-
bilitation [22]. Finally, in 40%–50% of cases, the patient 
will require a contralateral amputation within 2 years 
[23], further decreasing the likelihood of successful 
mobility. Successful fitting of prosthesis can be expected 
after 75% of BKA and after 50% of AKA [24]. However, 
this does not necessarily equate with successful ambula-
tion. About 60% of those patients will still be able to use 
a prosthesis 3 years after amputation [25]. More recent 
studies looking at patient-centered measures found that 
only 37% were able to return to or exceed the baseline 
mobility level they had before amputation [22]. Early 
aggressive physical therapy likely increases rehabilita-
tion potential.

Return to work is often not an issue in amputees 
secondary to arterial disease, given advanced age and 
comorbidities. However, even in younger patients with 
traumatic amputations, return to work is not uniform. 
Recent studies in war veterans have suggested that 
individuals with higher degree of education are more 
likely to return to employment than those with lesser 
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degrees of education [26,27]. Those who return to work 
are more likely in turn to experience worthwhile use 
of the prosthesis. Depression is very common after 
amputation, especially in younger individuals, and may 
persist for longer than a year. Successful rehabilitation 
decreases the incidence of depression.

33.7 DVT and Other Systemic Complications

Patients undergoing amputation are often elderly with 
many comorbidities. Therefore, cardiac and pulmonary 
complications should be anticipated and appropriate 
measures taken. Cardiac complications are the most 
common systemic complications (5%–10%), with heart 
failure being the most common and MI (myocardial 
infarction) the next most common [28,29]. Beta-blockers 
should be continued whenever possible. Pulmonary 
complications happen in about 5% of cases [29]. Incentive 
spirometry should be encouraged. Urinary catheters 
should be removed early while providing measures to 
avoid contamination of the stump dressings. Mobility 
is often impaired and appropriate use of unfraction-
ated or low-molecular-weight heparins (LMWH) for 
DVT prophylaxis should be encouraged. Without pro-
phylaxis, DVT will happen in at least half the patients 
[30,31]. LMWH use will decrease the incidence of DVT 
to about 10% [32]. Postoperative stroke occurs in about 
1% of patients after amputation [33].

33.8 Mortality

Mortality rates after amputation remain high, espe-
cially in patients with peripheral arterial disease, a 
likely reflection of associated comorbidities like ath-
erosclerosis. Mortality rates are even higher with more 
proximal amputations. This reflects a selection bias, 
in that patients undergoing more proximal amputa-
tion have a higher burden of atherosclerotic disease. 
Overall, the perioperative mortality rate has been 
reported at 10%–30% [34], although some series have 
reported lesser degrees of mortality—[35] 2% for BKA 
and 9% for AKA. The amputation associated with the 
highest mortality is hip disarticulation. The mortal-
ity rate associated with this procedure is as high as 
60% when it is required after trauma, probably because 
the victim has sustained a devastating amount of 
energy transfer in the initial trauma [36]. Patients with 
chronic renal failure have a higher mortality rate (24% 
vs. 7%) and a higher complication rate (61% vs. 9%) than 

patients without renal failure [33]. The mortality rate 
after AKA that followed a failed BKA is 21%, emphasiz-
ing again the need for proper level selection for initial 
amputation.

A recent study looking at the American College of 
Surgeons National Surgical Quality Improvement 
Program (ACS-NSQIP) database reported a 7.6% 30-day 
mortality and risk factors included advanced age, dialy-
sis, low albumin, impaired sensorium, alcohol abuse, 
recent weight loss, dyspnea, and increased bilirubin 
[37]. Unfortunately, most of those conditions are beyond 
the surgeon’s control.

Long-term survival is also decreased. The estima-
tion is that one-third of patients who undergo lower-
limb amputation will die by the second postoperative 
year and two-thirds will die within 5 years [34,38]. 
Long-term cardiovascular complications are also 
increased [38].

33.9 Upper-Extremity Amputations

Upper-extremity amputations are less common than 
lower-extremity ones, are typically related to trauma 
and therefore, occur in younger individuals. Systemic 
complications including mortality are therefore less fre-
quent and will mostly relate to complications of trauma, 
including possibly infections. Excluding amputations 
from vascular disease, upper-extremity amputations 
have a lower risk of flap necrosis and nonhealing as 
compared to lower-extremity amputations. Long-term 
phantom pain will occur in at least a third of patients. 
Psychosocial disability is more frequent with upper-
extremity amputations compared with lower-extremity 
ones. Return to work is more difficult even with just dig-
ital or hand amputations. In general, every effort should 
be made to preserve as much length to the limb as possi-
ble even if this requires the use of grafts or flaps. Longer 
stumps correlate with increased postoperative function. 
Through the joint amputations should therefore be used 
more frequently. Technically, for upper-extremity ampu-
tations, referral to subspecialists is important, as there 
are many techniques being developed to allow selective 
muscle reinnervation, which then allow the use of spe-
cialized myoelectrically controlled prostheses [39].

33.10 Summary

A high rate of postoperative complications can be antici-
pated after amputations. The surgeon must often make 
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a difficult choice between the procedure that provides 
the best chance for rehabilitation and the procedure that 
carries the lowest complication rate.

Incidence of Common Complications

Complications Incidence (%) References

Delayed wound healing 7–10 [2]
Wound infection 10–30 [3,4]
Phantom limb pain 30–50 [15]
Dermatologic complications 15–40 [20]
Lack of mobility At least 50 [22,25]
Mortality 10–30 [26,29]

Measures to Prevent or Decrease Complications

Delayed healing Careful selection of amputation level; minimize 
cautery at wound edges; low-dose 
anticoagulation; leave skin sutures for 3 weeks; 
control edema with wraps or elevation; 
smoking cessation; nutritional support; 
hyperbaric oxygen treatment postoperatively

Wound infection Prophylactic antibiotics; careful debridement of 
devitalized tissues; staging of amputations in 
cases of severe foot infection; diabetic control

Pain Adequate coverage of nerve stump; use of 
gabapentin; aggressive rehabilitation; 
sympathectomy for causalgia

Prosthetic 
difficulties

Create a stump of adequate length; adequate but 
not excessive soft tissue padding

Dermatologic 
problems

Adequate fitting of prosthesis; no excess soft 
tissue at the stump

Mobility 
problems

Do amputation as distally as safely possible; 
control psychological issues; aggressive 
rehabilitation and medical management; 
carefully monitor contralateral extremity

Mortality General medical management
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The most common complication of any hand injury is stiff-
ness, which results from the collaborative effects of inflam-
mation, swelling, and immobility. Attempts at preventing 
stiffness are much more effective and worthwhile than later 
attempts at correcting established stiffness [1].

34.1 Complications of Fracture Care

Optimum bone and joint reconstruction goals are 
prompt anatomic reduction of injury and stable skeletal 
fixation with the least amount of additional soft-tissue 
disruption. Tight casts may result in local pressure 
sores, discomfort, and, in the worst scenario, vascular 
compromise and compartment syndrome. The risk of 
complications is highest when circumferential casts are 
applied after closed reduction of an elbow or forearm 
fracture on the day of injury. In this situation, the risk 
may be reduced by splitting (“bivalving”) the cast into 
two separate longitudinal sections immediately after 
application.

34.1.1 Radius and Ulna

Distal radius fractures account for about one of every six 
fractures and three of four forearm fractures seen in the 
emergency room. They are most common in children of 
both sexes between the ages of 6 and 10 years and in 
women between the ages of 60 and 69 years.

Operative treatments include external fixation, percu-
taneous pinning, open reduction, and any combination of 
these. Poor final outcome is more likely when the fracture 
is initially very displaced, when the distal radioulnar joint 
is involved, when the radiocarpal joint is comminuted, 
when there is residual shortening of >2 mm, or when 
there is dorsal angulation of >15°. Redisplacement will 
occur with about one of three closed reductions, and the 
final outcome when redisplacement occurs and repeated 

closed manipulations are required will be good or excel-
lent for only one of three fractures [2]. This is due to dorsal 
comminution in which there is no supporting posterior 
cortex. Pinning, plating, and posterior grafting can help 
prevent recurrent dorsal tilt (apex volar angulation).

Malunion should be avoided because secondary sur-
gery for distal radius malunion is successful in only 
three of four cases [3]. Nonunion is uncommon. Complex 
regional pain syndrome and finger stiffness occur to 
some degree in as many as one of three patients. Loss 
of motion is also common with loss of full supination 
and extension. Tendon rupture [4] may occur early or 
late, with either open or closed reduction, and may be 
related to fracture displacement, hardware irritation [5], 
or ulnar head prominence. Median or ulnar nerve com-
pression may develop early or late after this fracture.

Distal radius malunions are common after closed 
reduction of an unstable fracture pattern, resulting in 
dorsal or volar angulation, shortening, and loss of radial 
inclination. Functional outcome correlates poorly with 
radiographic changes.

Posttraumatic arthritis is most common among young 
adults and is seen on radiographs of two out of three 
young patients, years after injury. Fortunately many of 
these patients have no symptoms.

Distal radius nonunions are uncommon, but usually 
symptomatic due to progress of angulation and symp-
toms from distal radioulnar joint disruption.

Radial shortening (relative to the distal ulna) results 
in an “ulnar plus” situation that causes impingement 
against the distally placed triangular fibrocartilage 
complex (TFCC). This complex comprises stabilizing 
ligaments and a meniscoid cartilage between the distal 
ulna and the carpus.

A relatively long ulna can result in damage to the 
intervening cartilage, loss of ulnar deviation, cosmetic 
deformity, and pain.

Treatment includes ulnar shortening, distal ulna 
resection, and/or radial lengthening if bracing is 
unacceptable.
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34.1.2 Scaphoid

34.1.2.1 Vascular Supply

Scaphoid fractures are prone to healing problems 
because of the combination of poor perfusion of the 
proximal fracture fragment and strong forces across 
the fracture site because of normal wrist mechanics. 
The scaphoid receives its blood supply through a sin-
gle artery that enters the distal pole and works its way 
proximally. The result is often limited vascularity to the 
fracture site as well as disvascularity to the proximal 
fragment. Scaphoid fractures may heal in malunion 
(“humpback deformity”), but delayed union and non-
union are much more common and are difficult prob-
lems. Left untreated, scaphoid nonunions naturally 
progress to a characteristic pattern of collapse followed 
by wrist arthritis, initially involving the radioscaphoid 
and capitolunate joints. Unstable, displaced, or proxi-
mal fractures are prone to nonunion even with pro-
longed casting and should be considered for early open 
reduction.

34.1.2.2 Collapse and SNAC

Scaphoid fractures usually occur as an isolated fracture 
but may be part of a larger injury complex. Oblique, 
comminuted, and proximal fracture lines are prone to 
nonunion. Nonunion may be radiographically subtle, 
cystic, or hypertrophic. The majority of scaphoid non-
unions progress to a pattern of radioscaphoid and 
midcarpal arthritis referred to as scaphoid nonunion 
advanced collapse or “SNAC wrist.”

34.1.2.3 Arthritis

Scaphoid nonunion eventually leads to progressive 
wrist arthritis in many patients and loss of ROM.

34.1.2.4 Scapholunate Injury

Injuries to the scapholunate ligament result from the 
same mechanism of injury as scaphoid fractures. Left 
untreated, scapholunate dissociation naturally pro-
gresses to a characteristic pattern of wrist arthritis, 
initially involving the radioscaphoid and capitolunate 
joints, referred to as scapholunate advanced collapse, 
or “SLAC wrist” [6]. Treatment options include partial 
wrist fusion, proximal row carpectomy, and a variety of 
soft-tissue ligament reconstruction procedures.

Scapholunate dissociation may require dynamic stress 
views to demonstrate. The tear of the scapholunate liga-
ment allows the scaphoid to drop and the lunate to tilt 
dorsally, since the two bones are no longer connected. 
On a lateral x-ray, the result is that the angle between the 
axis of the scaphoid and a line across the upper lunate 

drops from 47° to 10°–15°. Furthermore, the capitate and 
metacarpals (MCs) shift dorsally and are no longer in 
line with the radius. This is a dorsal intercalated seg-
mental instability (DISI). AP views may show a gap or 
space between the scaphoid and lunate. With time and 
progression the capitate may drop down into the scaph-
olunate interval with a shortened, widened carpus.

Most carpal and hand injuries in children are treated 
nonsurgically. However, surgical treatment is often 
required for certain clinical situations. Complications 
resulting from pediatric hand fractures, dislocations, 
and soft-tissue injuries are most commonly caused 
by a failure to identify and treat an injury requiring 
surgery [7].

34.1.2.5 Metacarpal Fractures

Metacarpal (MC) fractures may result from a direct 
blow—or, more commonly, from striking a blow with 
a fist against a stationary, solid, innocent object. Impact 
against the distal fifth MC can result in an impacted 
or angulated distal MC fracture, a midshaft fracture, or 
a proximal dislocation. Distal angular fractures of the 
fifth are better tolerated because of the mobility of the 
fourth and fifth MCs compared to the relatively immo-
bile second and third MCs.

Shortening and overlap of third and fourth midshaft 
MC fractures is somewhat limited due to the suspen-
sory natatory ligaments found between the MC heads.

Fractures need to heal in anatomic position, and the 
soft tissues must be supple so that the fingers can move 
through a useful range of motion [8]. Rotational defor-
mity is more a result of incorrect fixation than a direct 
result of the fracture itself. In flexion, the fingertips con-
verge toward a common point in the proximal palm, 
approximately the distal pole of the scaphoid. This can 
be helpful in quickly assessing for rotational malalign-
ment of a MC or phalangeal fracture. Rotational 
malalignment of MC fractures may not be apparent 
with the fingers in extension. Reduction of rotational 
malalignment should be checked in the acute setting 
(and during surgery for internal fixation) by placing the 
fingers in full flexion.

Diaphyseal fractures of the MCs and phalanges are 
common injuries that can lead to impairment of hand 
function. The fracture pattern and soft-tissue injury 
vary with the mechanism of injury. The imbalance of 
the flexor and extensor forces created by displaced frac-
tures will often produce a secondary angulatory defor-
mity. Nonoperative treatment is indicated for reducible 
and stable fracture configurations. Irreducible or unsta-
ble fracture patterns require open or closed reduction 
and fixation. MC fractures are prone to angulation and 
shortening and often fail closed treatment with splint-
ing or casting. Surgical options include closed reduction 
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and pinning with transverse pins or with a single lon-
gitudinal intramedullary pin. Open reduction and plat-
ing reduce the risk of rotational deformity and pin tract 
infections, but may require another surgery for hard-
ware removal (Figure 34.1).

34.1.2.6 Complications of Finger Immobilization

Splints and other supportive dressings maintain a pos-
ture that may be helpful or detrimental. Often, splints 
fabricated for comfort in the emergency room restrain 
joints in positions that promote stiffness.

The generic “safe position” for hand immobilization 
is intended to prevent the usual pattern of stiffness 
after hand disuse. The three features are maintenance 
of interphalangeal joint (IPJ) extension, metacarpopha-
langeal (MCP) joint flexion, and first web-space span 
(Figures 34.2 and 34.3).

Treatment of fractures of the proximal phalanx and 
MCs is based on the presentation of the fracture, degree 
of displacement, and difficulty in maintaining fracture 
reduction. A wide array of treatment options exists for 
the variation in fracture patterns observed. Inherently 
stable fractures do not require surgical treatment; all 
other fractures should be considered for additional 
stabilization. In general, of the many combinations of 
internal fixation possible, Kirschner wires and screw-
and-plate fixation predominate. Transverse and short 
oblique proximal phalanx fractures generally are treated 
with Kirschner wires, although a stable short oblique 

transverse shaft fracture can be managed with an intrin-
sic plus splint or Cobra cast (Figure 34.3). Hand fractures 
are common injuries and most do not require open sur-
gical treatment [9] (Figure 34.4).

34.1.2.7 Distal Phalanx Fractures

Displaced fractures of the distal phalanx may give rise to 
nonunion if they are not reduced and provided with ade-
quate internal fixation. Typically, these cannot be pinned 
if comminuted or often asymptomatic if left untreated.

Mallet deformity is a drooping of the distal phalanx 
due to an incompetent extensor mechanism. Often the 
result of a blow directed against an extended finger, the 
extensor tendon may be stretched or torn or may avulse 
its boney attachment.

Tendon rupture should be repaired open with a stabi-
lizing pin across the DIP joint. Attempts at splinting are 
often unsuccessful due to noncompliance.

A tendon stretch injury will not respond to splinting, 
and again requires open tendon plication and a protec-
tive pin across the joint.

34.1.2.8 Mallet fx

Mallet fracture dislocations of the distal IPJ should be 
distinguished from simple stable displaced mallet frac-
tures because outcome after conservative management 
of such dislocations is poor as the result of joint incon-
gruity (Figures 34.5 and 34.6).

Longitudinal
intramedullary

pin(a) (b) (c)
Transverse pins Plate and screw fixation

Surgical options for metacarpal fractures

FIGURE 34.1
Treatment options for unstable diaphyseal metacarpal fractures include (a) closed reduction and (b) percutaneous pinning (CRPP) or (c) open 
reduction and plate fixation (ORIF).
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34.1.2.9 Intra-articular Injuries at PIP and MP Joints

Most fractures of the phalanges or MCs are amenable 
to closed treatment, with favorable outcomes. However, 
two groups of complex fractures are difficult to diag-
nose and treat. The first group includes unicondylar 
and bicondylar fractures, fracture dislocations, and 
fracture-related instability of the proximal IPJ. Fracture 
dislocations can be treated with splinting or surgi-
cal intervention. The second group includes displaced 
diaphyseal fractures associated with a soft-tissue injury, 
instability, or multiple fracturing. Articular fractures 
and fracture dislocations at the base of the MC can also 
be difficult to diagnose and treat [10]. Displaced articu-
lar fractures should be anatomically reduced and fixed 
whenever possible.

Poor functional outcome is common with phalangeal 
fractures that are open, comminuted, or associated 
with either significant soft-tissue injury or periosteal 
stripping. Angulation causes a zigzag posture because 

of tendon imbalance, which results in joint contrac-
ture to a degree similar to the degree of proximal 
angulation.

Intra-articular injuries may lead to joint subluxation 
or dislocation and must be identified in a timely man-
ner to limit loss of motion, degenerative changes, and 
impaired function [11]. Fracture dislocations of the prox-
imal IPJ are usually dorsal with a small volar-plate avul-
sion fracture. These dislocations are usually stable if the 
volar fracture fragment comprises less than one-third of 
the articular surface.

In contrast, dorsal fracture dislocations in which the 
palmar fragment involves more than one-third of the 
joint surface, palmar fracture dislocations, and com-
bined dorsal and palmar fractures (“pilon fractures”) are 
intrinsically unstable. These injuries range from those 
requiring minimal intervention to obtain an excellent 
outcome to those that are challenging to the most experi-
enced surgeon. The treatment options include extension-
block splinting, percutaneous pinning, traction, external 

Prolonged immobilization

Prolonged
immobilization

(a)

(c)

(b)

FIGURE 34.2
Prolonged positioning of the fingers can result in significant stiffness if immobilized in the wrong position. (a) shows the positioning in which 
the direct collateral ligaments are the loosest. (c) shows the positioning in which they are tight. In normal daily activity, the hand will alternate 
between the two positions. If the fingers are immobilized in position (a) for a prolonged period, the collaterals will tighten as seen in (b) and 
resist shifting to position (c). If immobilized in the tight position (c) (the “safe position”), then the fingers can shift to the loosened position (a) 
with much less problem.
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fixation, open reduction and internal fixation, and volar-
plate arthroplasty [11].

34.1.2.10 IPJ Dislocations

Pure dislocations of the proximal IPJ are most com-
monly dorsal, are usually stable after reduction, and 

carry about the same outlook as a bad sprain of this 
joint. These fractures often follow a hyperextension 
injury and may be open with the head of the proximal 
phalanx protruding through a volar skin tear. The flexor 
tendon is subluxed to the side and is usually intact. The 
exposed bone should be cleaned before reduction, as the 
wound will close following reduction.

Proximal phalanx

Metacarpal

Dorsal hood of cast

Cobra cast treatment of proximal phalanx fracture

FIGURE 34.3
Unstable phalangeal fractures follow a predictable course regarding three complications. First, dorsal-palmar angulation of midshaft phalan-
geal fractures occurs due to asymmetric pull of muscle tendon units. Proximal phalanx fractures typically fall into a dorsal concave (“apex 
volar”) angulation. Second, failure of reduction often results in complete recurrence of fracture deformity. Third, tendon imbalance due to 
malunion in angulation results in joint contractures distal to the fracture equal in magnitude and opposite in direction as the malunion. This 
type of fracture can be treated with a “Cobra cast” in which the wrist is extended 30°–40° and a dorsal cap holds the reduced proximal phalanx 
at 90°. The proximal fragment cannot flex >90°; so the distal fragment is brought down to it. This technique allows early ROM of the DIP and 
PIP joints.

Unstable oblique fx

Proximal phalanx
Metacarpal

Blocking pin

Closed reduction and pinning of
“hangman’s fracture”

FIGURE 34.4
Phalangeal neck fractures are sometimes referred to as “hangman’s fracture,” either because the break is through the “neck” of the bone, 
or more importantly because posterior–anterior x-rays may be deceptively normal but lateral x-rays show an unstable fracture especially if 
oblique. If caught early, a blocking pin can be placed percutaneous just proximal to the fracture while held reduced. The tendon tolerates a 
transfixing pin much better than an open procedure.



361Complications of Treatment of the Hand

© 2008 Taylor & Francis Group, LLC

In contrast, palmar dislocations or dislocations with a 
lateral component are frequently unstable after reduc-
tion and are more prone to progressive contractures, 
angulation, and degenerative joint changes. These dislo-
cations often tear the central slip of the extensor tendon 
and result in a Bouttoneirre deformity if not followed 
closely (Figure 34.7).

34.2 Amputations

Trauma is the most common reason for amputation of 
the upper extremity [12]. Hand injuries involving trau-
matic amputation most often affect the fingers. The 
associated nerve injury always forms a neuroma, and 
the treating surgeon should trim the digital nerve ends 
away from the distal wound so as to lessen the chance 
of disabling scar tenderness.

34.2.1 Distal Amputations

Fingertip amputations are no less problematic than 
more proximal amputations, particularly when the criti-
cal contact areas used in pinching and fine manipula-
tion are involved.

34.2.2 Transverse, Oblique, and Skiving

Fingertip injuries that involve the “critical contact areas” 
of the thumb, index, and middle fingers pose particularly 
difficult challenges for reconstruction. Rotating blade 
saws commonly result in combined injuries, impairing 
the ability to use the hand for fine manipulation.

Conservative treatment of tip amputations includes 
protective bandaging while the skin grows in from the 
periphery (centripetally). This can take several weeks 
to gain coverage and may result in a rather thin skin 
cover. Additionally, there will often be a thin subcutane-
ous layer over prominent bone that can result in hyper-
sensitivity. As a result, skin flaps or skin advancement 

Accessory collateral lig

Avulsion fracture

(a)
Subluxation with incongruent

joint line(b)

Direct collateral lig

Avulsion mallet injury

FIGURE 34.5
Mallet fractures in which the smaller fracture fragment includes half or more of the joint surface may be unstable, resulting in palmar sublux-
ation of the distal phalanx (b). This is a consequence of the direct collateral no longer attached to the distal phalanx and results in an incongru-
ent joint line. However, this is not always the case, and the joint may remain stable with a smaller avulsion fragment (a).

Avulsion fracture
Blocking pin

Closed reduction and pinning of
avulsion mallet injury

FIGURE 34.6
Mallet deformity due to avulsion fx can be treated with closed reduction and pinning. The distal phalanx is flexed and a blocking pin is placed 
through the extensor tendon just behind the avulsed fragment. The DIP is then brought out to extension, and the DIP is held in extension with 
the fracture reduced by a second transfixing pin.
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techniques are recommended to speed the healing pro-
cess and obtain better tissue coverage. Examples are the 
Cutler V-Y advancement flap which can be used on one 
side of the finger to close a skiving injury—or on both 
sides to close a distal transverse amputation. A long 
volar flap can be used to close a distal volar-directed 
skiving injury.

Lateral oblique/skiving tip amputations can be treated 
with the “Cutler V-Y” advancement flap. A proximally 
based, “V”-shaped, full-thickness graft with neurovas-
cular supply is created from a dorsal midaxial incision 
and a second volar-directed incision made down to the 
bone with care to avoid damaging the neurovascular 
bundle. The graft is then mobilized and can be advanced 
10–12 mm to give good coverage of exposed bone.

As mentioned, transverse amputation can be treated 
with a flap from both sides that meet in the middle.

A volar skiving amputation can be treated by creat-
ing a long volar flap from bilateral midaxial incisions 
back to the PIP joint or farther if needed. The volar skin 
and neurovascular bundles are lifted from the flexor 
tendon sheath and advanced forward with the finger-
held flexed. The graft is attached distally to the tip and 
then attached laterally. The skin will stretch with time 
to allow full extension.

34.2.3 Hypersensitivity

Dysesthesia is common, and all patients should be pro-
vided with an early desensitization program that can 
be performed at home. Sensitivity to or intolerance of 
cold is a problem for most patients, but this condition 
usually improves after the first year. Complex regional 
pain syndrome may be triggered and then maintained 
by tender finger stumps.

34.2.4 Nail Deformity

Fingernail deformities are common after lacerations 
and crush injuries in the area of the nail bed. The most 
common problems are split nail resulting from nail 
bed injury and hook nail deformity resulting from 
loss of the tuft of the distal phalanx by a fingertip 
amputation.

When more than the distal third of the phalanx is 
lost, a hook nail deformity will result. This is due to the 
fact that the nail bed is not fully supported by the distal 
phalanx when a portion has been removed or if there 
is a nonunion of a tuft fracture. If there is only a small 
residual nail bed after an amputation of the tip, abnor-
malities of the retained nail remnant may be avoided 
by careful total excision of the entire germinal matrix 
when the amputation is closed.

Once established, fingernail deformities may be dif-
ficult or impossible to correct.

34.2.5 Amputations at IPJ

Amputations at the level of an IPJ can result in abnormal 
positioning of the residual digit due to tendon imbal-
ance. Care must also be taken to round off the boney 
prominences on either side of the distal end of the pha-
lanx to avoid skin irritation and thinning.

Amputations through the proximal phalanx often 
result in extensor habitus. Extensor habitus refers to 
the tendency for the injured index finger or small fin-
ger to be held in extension. This unconscious posturing 
is powered by the independent extensor of the finger 
and is best treated by early recognition and, if possible, 
buddy taping.

34.2.6 Metacarpal-Phalangeal Amputations

MCP joint disarticulation of the index or small finger 
results in an easily traumatized and visibly promi-
nent MC head. MCP joint disarticulation of the middle 
or ring finger results in a “hole in the hand,” through 
which small objects held in the cupped palm can fall. 
Treatment of either of these scenarios with removal of 
a MC replaces the original problem with a narrowed 
palm and reduced torque grip strength.

Middle

Dorsal

Torn central slip

Volar

Proximal Metacarpal

PIP joint dislocations

FIGURE 34.7
Proximal interphalangeal (PIP) joint “simple” dislocations are usu-
ally dorsal and may be reduced by extending the finger to reproduce 
the deformity and then dorsal pressure on the base of the middle 
phalanx. These are usually stable following reduction. Volar dislo-
cations represent a more serious injury, are less commonly easily 
reduced, and are more commonly unstable following reduction. 
Although often passed off as a “jammed finger,” PIP dislocations 
commonly result in 6–12 months of swelling, PIP flexion contracture, 
and permanent joint enlargement.
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A better option may be resection of the distal half of 
the residual ring finger MC followed by transfer of the 
distal half of the fifth MC and small finger to close the 
gap. Similarly, the index finger can be transferred onto 
the proximal half of the third MC in cases of a middle 
finger MP joint amputation. These transfers close the 
“hole in the hand” and maintain palm width.

34.2.7 Amputation with Reimplantation

Inadequate blood supply is the single most likely expla-
nation for complications of delayed healing, fibrosis, 
and infection. Adequate blood supply is achieved by 
aggressive debridement, revascularization, and the use 
of vascularized flaps.

Order of repair. The ideal order of repair of the severely 
injured upper extremity is debridement, skeletal stabi-
lization, musculotendinous repairs, nerve repairs, and 
then vascular repairs, all under tourniquet control. Such 
an approach minimizes hemorrhage and allows the 
most precise primary repairs.

34.2.8 Complications of Replantation

All complications of complex hand wounds can occur 
after replantation, including tendon adhesions, tendon 
rupture, neuroma, and delayed healing. In addition, 
however, replantation carries the risk of a number of 
additional problems. Early vascular failure of replanta-
tion is influenced by the mechanism of injury and patient 
selection. Early failure is more common among smok-
ers [13], when replantation occurs at a more distal level, 
and when the injury has involved crush or avulsion [14]. 
After successful revascularization, venous problems are 
more likely than arterial thrombosis to result in loss of 
the replanted extremity [15,16]. The crucial time for fail-
ure or successful salvage is the first four postoperative 
days [16].

The most common complication of successful 
replantation is stiffness due to tendon adhesions [15]. 
Cold intolerance is uncommon after pediatric replan-
tation but occurs after most adult replantations [15]. 
Aesthetically disturbing fingertip atrophy occurs with 
nearly half of all replanted digits [15] because of the 
effects of incomplete reinnervation and, in some cases, 
the late effects of prolonged ischemia. Lack of sensory 
recovery is more common when the patient is an adult, 
when both arteries have not been repaired [17], and 
when the injury involves avulsion [14]. As with any 
other vascular repair, replantation may be associated 
with local vascular complications such as pseudoaneu-
rysm [18], arteriovenous fistula [19], stricture, and late 
thrombosis. Delayed union, nonunion, or avascular 
necrosis may occur, particularly when the replantation 
is performed at the level of the phalangeal neck [20]. 

Functional outcome is significantly worse when replan-
tation involves prolonged ischemia or injury in flexor 
tendon Zone II [13].

34.3 Wounds

Complex hand wounds are an unfortunate consequence 
of conflict. Increased battlefield survival rates have 
resulted in an evolving range of ballistic hand trauma 
encountered by deployed surgical teams, requiring 
increased knowledge and understanding of these inju-
ries. In the civilian setting, the combined threats of gun 
crime and acts of terrorism warrant appreciation for 
such injury among all surgeons [21].

Wounds should be closed and covered with mobile, 
well-vascularized soft tissue as quickly as possible. In 
the hand, stiffness, difficulty with use, and ultimate dis-
ability are directly related to the length of time required 
for wound healing.

Edema indicates inadequate lymphatic circulation 
and has the same ultimate effects as inadequate blood 
supply. Edema is best treated with elevation and active 
range-of-motion exercises, when possible.

Infection. Unchecked surface growth produces such 
high concentrations of organisms that the skin is invaded 
directly, producing maceration dermatitis. This condi-
tion may progress to cellulitis, but it can be stopped in 
the early stages by increasing the frequency of dressing 
changes and allowing the affected skin to dry.

34.3.1 Scar Contracture

Contractures resulting from skin scarring are more 
likely to be a problem if the scars extend longitudi-
nally across the flexor surface of a joint. In severe cases, 
scar contractures may develop over the first few weeks 
after injury, but in many cases they progress over the 
course of months. In the growing child, scar contrac-
tures may lead to progressive growth disturbances. 
Stiffness and contractures due to mechanical changes 
in joints and tendons, as discussed earlier, may develop 
independently.

34.3.1.1 Devascularized Wounds

Crush and avulsion wounds typically have combined 
effects of indeterminate or inadequate vascularity and 
widespread contamination. Infection following such 
wounds is due to inadequate debridement, and primary 
wound closure increases the chance of marginal wound 
necrosis.
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34.3.1.2 Foreign Debris: Rust, Wood, and Fibers

Severe contamination is common with missed complex 
wounds of the hand because the hand is so often physi-
cally exposed to contaminated mechanisms of injury.

Soft-tissue gas is a frequent benign finding accompa-
nying open wounds immediately after injury, but in the 
presence of infection should always be assumed to be 
due to gas-forming organisms.

Removal of foreign bodies that are lodged entirely 
beneath the surface of the skin should be performed 
with tourniquet control and surgical anesthesia. Foreign 
bodies are most likely to give rise to problems when 
they are composed either of organic materials (wood, 
plant thorn, etc.) or of highly contaminated materials.

Atypical infections [22] may involve subcutane-
ous tissues or, more commonly, tendon sheath spaces. 
Mycobacteria species, most commonly Mycobacterium 
marinum, produce slowly progressing hand infections.

Diabetic hand infections, particularly in patients 
with diabetic chronic renal failure, are common, are 
frequently severe, and often result in tissue loss. Hand 
infections among such patients are frequently more 
severe than clinical examination indicates, and the sur-
geon must consider early extensive surgical debride-
ment of the entire zone of inflammation. Gram-negative 
infections are common, and amputation is a common 
consequence.

34.3.1.3 Determination of Tetanus Status

Horseshoe abscess is an infection spreading from the 
thumb to the small finger on the palmar surface. The 
flexor sheath of the thumb, which extends into the wrist, 
lies next to and in contact with the ulnar bursa which 
encapsulates the flexor tendons at the wrist and extends 
up into the small finger. Interestingly, the index, middle, 
and ring finger are spared since their tendon sheaths do 
not extend into the palm or to the wrist.

If the zone of injury can be determined with rea-
sonable certainty, severe wounds should be radically 
debrided with anticipation of the potential need for 
complex flap closure. Debridement should remove 
severely contaminated tissues and all ischemic tissues 
that cannot be revascularized, including crushed flaps, 
distally based flaps with a length-to-width ratio of more 
than one to two, and flaps that are obviously ischemic. 
Initial debridement should be performed under tourni-
quet control. The skin of the palm has a primarily per-
pendicular rather than tangential vascular pattern, and 
traumatic palmar flaps should be considered for pri-
mary excision and alternate resurfacing because their 
vascularity is quite unreliable. Crush injuries are prone 
to delayed wound healing and stiffness with standard 
open reduction and internal fixation techniques.

34.3.2 Poor Timing of Wound Closure

Traditionally, the timing of closure of severe hand 
wounds has been classified as primary (immediate), 
delayed primary (within 2 weeks), and secondary (after 
2 weeks). Delayed primary closure is still appropriate 
when the only available wound closure technique is 
direct closure or closure with local flaps. Wounds that 
require flap closure are associated with the lowest 
complication rate when closure is performed during 
the acute phase (first 2 weeks), and with the highest 
complication rate when surgery is performed during 
the subacute (after 2 weeks) phase [23–28].

34.3.2.1 Reflex Sympathetic Dystrophy

Complex regional pain syndrome—previously known 
as reflex sympathetic dystrophy (RSD), algodystrophy, 
sympathetic maintained pain, and Sudeck’s atrophy—
may develop after any hand injury, but is particularly 
common in association with nerve injury or irritation. 
This problem may occur spontaneously after major 
or minor injury. It may cause spontaneous burning 
pain, hyperalgesia, swelling, vasomotor disturbances, 
and disuse, and it may be exacerbated by movement. 
Although there may be spontaneous resolution, most 
patients experience some degree of chronic symptoms 
such as pain, stiffness, and difficulty with normal use of 
the hand, despite all available treatments [29]. The best 
treatment results require early recognition, aggressive 
medical therapy, and elimination of triggering phenom-
ena. Medical therapy may involve sympathetic nerve 
blocks, gabapentin, pregaba or other nerve desensitizing 
medications, and biofeedback. Additionally, physical or 
hand therapy can treat with contrast baths, desensitiza-
tion, and grip strengthening.

Triggers known to aggravate the condition include 
peripheral nerve irritation due to neuroma or compres-
sive neuropathy, aggressive passive range-of-motion 
therapy, and dynamic hand splinting. The effects of 
complex regional pain syndrome may be far more dis-
abling than the initial injury.

RSD usually results in swelling, stiffness, disuse, and 
color and temperature changes. The entire hand is usu-
ally affected, less commonly a single digit. Dupuytren’s 
type contractures are common. This may follow elective 
surgery, but is most often seen after injury, such as a 
crush injury, amputation, or distal radius fracture.

34.3.3 Animal Bite Injuries

Animal bites to the hand are most often dog or cat bites. 
These bites can lead to prolonged morbidity, particu-
larly when there is a delay between injury and initial 
treatment [30]. Dog bites are associated with soft-tissue 
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crush injury and fractures. Cat bites are particularly 
dangerous in hand because the cat’s needlelike teeth 
can easily penetrate into joint spaces, tendon sheaths, 
and other deep compartments of the hand through a 
relatively innocuous skin wound. A common pathogen 
is Pasturella multiceda which can be treated with penicil-
lin derivatives or cephalosporins.

34.3.4 Human Bite Injuries

Human bite injuries to the hand most often occur as 
clenched-fist bite injuries, sustained when the fist strikes 
the mouth of another person during an altercation. The 
most common constellation of injuries is a skin lacera-
tion at the level of the MC head accompanied by injury 
to the extensor tendon and the MC head. This injury is 
usually sustained when the hand is in a clenched-fist 
position, but the patient frequently does not present for 
treatment until the MCP joint is pulled into extension by 
dorsal hand swelling. This change in positioning places 
the soft-tissue and bone injuries at an offset, giving the 
appearance that the injury is more superficial than it is. 
Treatment requires a high level of suspicion, aggressive 
debridement, and intravenous antibiotics appropriate 
for a bite injury. Clenched-fist bite injuries of the MC 
head or proximal phalanx are highly contaminated, 
often deeply penetrating wounds with bone involve-
ment. They are at particular risk for the development of 
septic arthritis and osteomyelitis.

Unsatisfactory results are more likely when hand 
infections involve anaerobes or Eikenella corrodens, and 
when the tooth crushes and devitalizes tissue.

34.3.5 Spider Bites—Insect Bites

Bites to the hand from insects such as brown recluse spi-
ders may cause painful, slow-healing wounds, result-
ing in chronic functional deficits. The initial bite injury 
may be painless. A swollen red finger or hand often 
results from the combination of devitalized tissue (from 
the venom) and bacteria introduced at the time of the 
bite. When fluctuance is obvious, incision and drain-
age should be performed. Cultures can be obtained 
and necrotic tissue removed. When surgical excision 
is indicated for localized necrosis, the results appear to 
be better when surgery is delayed until after the acute 
inflammatory process has subsided [29].

34.3.6 High-Pressure Injection Injuries

High-pressure injection of paint, sand, lubricating 
fluid, or water can lead to severe infection/inflamma-
tion. Typically, the patient has briefly placed the hand or 
fingertip over a pressure spray nozzle, thereby sustain-
ing an injection of material into the soft tissues. Under 

pressure, this material tracks up tissue planes next to 
flexor tendons, nerves, and arteries and through the 
named bursae and compartments of the hand and arm. 
Debris may be driven from the fingertip to the chest wall. 
The examiner may be misled by a small visible wound 
and the patient may be discharged only to return within 
24 h because of worsening symptoms. Radiographs may 
show the presence of air, particulate debris, or pigment 
(in certain types of paint) in soft tissues.

Treatment is emergency radical debridement [31]. The 
pressure-injected material tends to track through the 
loose areolar tissue along longitudinal structures, and 
only careful debridement may allow preservation of all 
vital structures.

In contrast, late surgical treatment may require en bloc 
tumor-like excision of contaminated zones, or even ampu-
tation. Late results are worst when the injected material is 
either a petroleum-based solvent or a particulate material 
(sandblasting), when the tendon sheath is involved, and 
when there is wide proximal spread of the injected mate-
rial. The injected material is not sterile and prophylactic 
antibiotic treatment is indicated. Injection of pressurized 
aerosol fluorocarbon liquids such as that used in refriger-
ants may also result in deep frostbite injury.

34.3.6.1 Flexor Tendon Sheath Infection

Flexor tendon infection from puncture wounds, pres-
sure injection, bites, etc. involve the entire tendon 
sheath. In the small finger and thumb, this sheath may 
extend into the wrist. As the sheath swells and fills, pain 
and loss of motion ensues.

Knavel described signs of sheath infection: finger-
held flexed, pain with attempted extension, a sausage-
shaped finger, and pain along the entire course of the 
flexor sheath.

Treatment includes I&D at both ends of the sheath 
and wash-through of the sheath with a catheter placed 
into one end of the tendon sheath while irrigant flows 
out the other end. Complications include persistent or 
recurrent infection, stiffness, loss of tendon excursion, 
and possible need for finger amputation.

34.3.6.2 Compartment Syndrome

34.3.6.2.1 Cause

Finger dressings made from tubular gauze may pro-
duce ischemic pressure complications. Even minimally 
tight elastic dressings applied as part of a circumfer-
ential bandage may lead to progressive swelling. Tight 
casts may result in local pressure sores, discomfort, 
and, in the worst scenario, vascular compromise and 
compartment syndrome. The risk of complications is 
highest when circumferential casts are applied after 
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closed reduction of an elbow or forearm fracture on the 
day of injury. In this situation, the risk may be reduced 
by splitting (“bivalving”) the cast into two separate 
longitudinal sections immediately after application.

Compartment syndrome of the hand may develop 
after crush injury, reperfusion after fracture-related isch-
emia, intravenous injections, crush or blast injury [32], 
bleeding after fracture, arterial cannulation or regional 
surgery, or prolonged pressure on the hand or arm. 
Heparin-induced thrombocytopenia (HIT) has been 
known to cause clot formation throughout the small ves-
sels of the hand resulting in compartment syndrome of 
the interossei and even necessitating digit amputation. 
Surgery for compartment syndrome of the intrinsics 
can be performed through two or three longitudinally 
placed incisions on the dorsum of the hand.

The forearm is the most common site of compartment 
syndrome in the upper extremity. Compartment syn-
drome of the upper extremity is more likely to develop 
among patients with obtundation. Seriously ill children 
who receive multiple venous and arterial injections are 
also at particular risk. Treatment requires prompt recog-
nition and decompression of intrinsic muscle compart-
ments, as well as carpal tunnel release in selected cases. 
The late consequence of compartment syndrome of 
the upper extremity is Volkmann’s contracture [19,33], 
which involves both muscle contracture and local isch-
emic neuropathy. Ischemic muscle contractures respond 
poorly to nonoperative measures such as splinting; 
this condition requires an aggressive surgical approach 
using muscle slides, tendon lengthening, and tendon 
transfers similar to those used in the treatment of upper 
extremity spasticity.

34.3.6.2.2 Sequelae

Intrinsic contractures produce MCP joint flexion con-
tractures, first web space contracture, and extension 
contractures of the interphalangeal joints. Secondary 
swan-neck deformity of the fingers is also common.

34.4 Nerve Injury

34.4.1 Complications of Common Nerve Injuries

Nerve injuries in the hand can lead to complications 
such as tender neuroma, paralysis, and incomplete sen-
sory recovery. In addition, upper extremity nerve inju-
ries usually produce some degree of cold intolerance 
and are a common trigger of complex regional pain syn-
drome. Dysesthesia and disuse of the hand may occur 
and are best treated with an aggressive desensitization 
and sensory re-education program under the supervi-
sion of a hand therapist.

34.4.1.1 Median Nerve Injury

Median nerve injuries result in a greater loss of hand 
function than ulnar nerve injuries because the critical 
contact areas of the hand are affected. If median nerve 
palsy is left untreated, a contracture of the first web 
space and thenar atrophy will result.

The median nerve is a mixed nerve in the wrist with 
both sensory and motor function. Acute injury can 
occur from deep central wrist laceration or penetrating 
trauma, as well as compression from a volar-displaced 
lunate dislocation or from a severely angulated distal 
radius fracture.

Findings include diminished sensation to the palm 
and volar thumb, index and middle fingers, as well as 
weakened thumb opposition.

34.4.1.2 Ulnar Nerve

Ulnar nerve palsy will result in proximal IPJ contrac-
tures of the ring and small fingers.

Palsy of the ulnar nerve due to ulnar neuropathy at the 
level of the elbow is a recognized but poorly understood 
complication of surgery involving general anesthesia 
[34]. Use of elbow pads—and avoidance of abduction, 
pronation, and elbow flexion—may reduce the inci-
dence of this complication. When the ulnar nerve is 
injured above the wrist, there will be diminished sensa-
tion to the dorsal as well as volar small finger.

Involvement distal to Guyon’s canal, in contrast, 
involves only the volar small finger. In either case, the 
intrinsic, thumb adductor and the lateral lumbricals to 
small and ring fingers are weakened. Atrophy and fixed 
clawing of the hand may result.

34.4.1.3 Neuroma

Treatment of a sensitive, prominent neuroma preferably 
is accomplished through nerve repair. This directs the 
regenerative nerve tissue down the nerve sheath to revi-
talize the denervated area. Other options include bury-
ing the sensitive nerve tissue beneath nearby muscle, or 
into the protection of a bone through a small cortical 
window.

34.5 Tendon Injury/Repair

34.5.1 Partial Tendon Lacerations

Partial tendon lacerations should be suspected after 
penetrating wound injury when the muscle tendon unit 
functions with pain, or when there is pain when attempt-
ing motion against resistance. Missed partial tendon 
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injuries may result in triggering, loss of motion from ten-
don adhesions, weakness or delayed tendon rupture.

Complete transaction of a tendon is often, but not 
always, obvious with loss of wrist or finger extension 
or flexion.

34.5.1.1 Redundancy

Injuries to the extensor tendon of the dorsal hand may 
be missed because they often cause little initial func-
tional deficit, either because of the action of adjacent 
tendinous junctures or because only one of two (pro-
prius and communis) tendons in the index or small 
fingers have been cut. Extensor pollicis longus tendon 
injuries may be missed because of trick motion through 
the action of the thumb intrinsic muscles on the thumb 
extensor mechanism; this action may allow IPJ exten-
sion to neutral despite a divided extensor pollicis longus 
tendon.

34.6 Flexor Zones of Injury/Repair

34.6.1 Flexor Tendon Injuries

A flexor tendon injury is often the result of trauma 
involving laceration or avulsion of the flexor digitorum 
profundus (FDP) or flexor digitorum superficialis (FDS). 
Pathological ruptures are rare. Diagnosis of a flexor 
tendon injury is based on an evaluation of the subjec-
tive patient history and a thorough clinical assessment. 
The flexor tendons are encased in a sheath comprised of 
annular (A) pulleys and cruciate (C) pulleys. A1, A3, and 
A5 attach to each side of the volar plates at MP, PIP, and 
DIP joints, respectively. The A2 and A4 pulleys attach to 
the sides of the proximal and middle phalanges, respec-
tively. The cruciate bands lie between the annular ones 
(Figures 34.8 and 34.9).

The Kessler repair utilizes a running suture that 
grasps the palmar aspect of the tendon on each side 
of the injury with a transverse segment placed so as 
to avoid the vascular supply which lies on the osse-
ous side of the tendon. This transverse segment of the 
suture resists pullout or pull through the tendon fibers. 
A disadvantage is that once the suture has been placed 
on one side, it cannot be easily tightened. An epitendi-
nous suture runs around and captures loose fibers at 
the anastomosis [35].

A new technique is described which uses one or 
more cloverleaf sutures placed transversely on each 
side of the injury to capture and prevent pullout. The 
suture is placed with the knot on the osseous side. The 
closing sutures pass up through the tendon, around 
the transverse sutures and then pass to the other side. 

Multiple sutures may be placed and when tighten effect 
the closure of the injury gap. An epitendinous suture 
may be used.

This technique can be used to pull the cut tendon end 
through a pulley, especially if the sublimus has been 
sacrificed. With care, sutures may be placed around 
the base of the distal phalanx, and avoid use of suture 
anchors.

34.7 Complications of Repair

The worst results of flexor tendon injuries occur when 
the injuries are located in the flexor tendon sheath 
extending from the MC head to the middle portion 
of the middle phalanx, referred to as “Zone II” or “no 
man’s land.” Even with ideal treatment, only about half 
of the patients with injuries at this level recover to expe-
rience good-to-excellent function. Quadrigia syndrome, 
or limited excursion of the middle, ring, and small fin-
gers, occurs because of tethering connections between 
the profundus tendons of these fingers.

Adhesions are the most common problem after ten-
don repair. Rupture of a flexor tendon repair occurs in 
at least 4% of cases after primary flexor tendon repair 
in Zone II with postoperative controlled passive motion 
[36]. Stiffness may be due to either adhesions or rupture, 
and it may be impossible to determine the nature of loss 
of motion, even with magnetic resonance imaging.

The worst results of extensor tendon injuries occur 
when the injuries are located over the dorsum of the 
proximal phalanx or the proximal IPJ. Loss of proximal 
IPJ motion may take the form of a fixed contracture, a 
swan-neck deformity, or a Boutonniere finger.

34.7.1 Complications of Missed Repair

34.7.1.1  Missed Injuries to the Extensor 
Mechanism of the Finger

Terminal tendon injuries at the distal IPJ and central 
slip injuries at the proximal IPJ should be suspected 
when the patient has suffered a regional injury and has 
pain upon attempted extension against resistance, even 
if the patient has full, active motion without resistance 
(Figure 34.10).

Boutonniere finger deformity is characterized by prox-
imal interphalangeal (PIP) joint flexion, distal interpha-
langeal (DIP) joint extension, and hyperextension of the 
MCP joint, with volar subluxation of the lateral bands. 
The deformity is common in patients with rheumatoid 
arthritis; however, it is not specific to this disorder and 
may occur following trauma or other inflammatory 
arthritides. A variety of surgical procedures are available 
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for Boutonniere finger deformity, including tenotomy of 
the terminal extensor tendon and reconstruction of the 
central slip. The choice of surgical treatment is based on 
the flexibility of the PIP joint and the status of the articu-
lar cartilage [37].

34.8 Flexor Tendon

A complication of missed flexor tendon repair is col-
lapse of the sheath. This can occur after only 7–10 days 
and prevent passage of the tendon end back through 
the sheath. More complicated reconstruction techniques 
are then required, such as reforming the sheath with a 
two-stage procedure. A scilastic “Hunter” rod is used 
to induce a scar-like sheath, and then replaced with a 
tendon graft (the original tendon is usually shortened 
and will not allow a primary repair).

34.9 Complications of Selected Surgeries

34.9.1 De Quervain’s

De Quervain’s tenosynovitis involves the tendons of the 
first extensor compartment of the wrist. The extensor 
pollicis brevis and abductor policis longus pass beneath 
a retinaculum over the radial styloid. Surgical release is 
usually quite effective.

Complications of the procedure include incomplete 
release and radial nerve injury. The abductor policis 
may pass through a separate sheath, or there may 
be an anomalous tendon passing through an addi-
tional sheath. Incomplete release can lead to persistent 
pain.

The dorsal branch of the radial nerve passes over or 
near to the radial styloid. Injury to the nerve can lead 
to a tender, prominent neuroma, and numbness to 
the dorsum of the thumb, index, and middle fingers. 

Volar

A5

A5

A4

A4 A3 A2 A1

A3 A2
A1

Metacarpal

Sublimus tendon

Profundus tendon

ProximalMiddle

Volar plate Volar plate

Normal flexor tendon anatomy

Cross section

Zone II

Zone I

Cut profundus Retracted tendon

Zone II injury to the profundus tendon

Zone III

Distal

Flexor tendon and injury zones

FIGURE 34.8
The portion of the flexor sheath between A1 and A5 is considered Zone II or “no man’s land” based on difficulty of tendon repair and poor 
excursion of the healed tendon due to scar adhesions to the sheath or bulkiness of the repair site, which prevent gliding under the pulleys. 
Zone I is at flexor profundus insertion. Zone III is located in the palm while Zone IV is the area considered the carpal tunnel, beneath the 
transverse carpal ligament. Zone V is the tendon in the distal forearm.
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Numbness or tingling lasting more than a day may 
indicate partial nerve injury and should lead to con-
sideration of early exploration. Treatment options 
for chronic cases are the same as for any cutaneous 
neuroma and lingering symptoms are common.

34.9.2 Dupuytren’s

Duypuytren’s contractures in the palm result from con-
tracture of myofibroblastic type tissue in the superficial 

palmar fascia. These fibers run longitudinally just 
beneath the skin and may extend from the proximal 
palm out to the volar midphalanx of one or several 
fingers.

Resection of this tissue may result in skin necrosis 
if the skin is too thin, button-holed, or if corners of a 
zigzag incision are at too acute of an angle. Recurrence 
is the most frequent complication, even if the cord has 
reached maturity. Removal of a cord during an active, 
painful stage may result in persistent pain or even RSD. 

Kessler repair

Running epitendon suture

New repair technique

Palmar surface
of tendon

Doverleaf grasping suture

New repair technique

Transverse doverleaf suture

A4

Sublimus  tendon removed
distally

A5 released

Profundus tendon

Distal zone II profundus repair

FIGURE 34.9
A drawing comparing traditional Kessler and a new technique for tendon repair.

Axis of rotation Central slip  (tom)

Extensor hood
Extensor  tendon

Lateral band (subluxed)

Lumbrical and/or interosseus
tendon

Traumatic Boutonniere deformity

FIGURE 34.10
A complication of missed extensor injury, either due to transaction of the central slip from a cut, or a stretch injury from a dislocation, is the 
Boutonniere deformity. If the PIP joint is allowed to remain flexed, the lateral bands of the extensor hood will sublux below the center of rota-
tion of the PIP joint, shorten, and prevent PIP extension. Further, the DIP will be pulled into extension and resist flexion.
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A well-established cord may leave a joint that cannot 
fully extend due to a tight volar plate, tight collaterals, 
and tight volar skin. Finally, damage to the small finger 
ulnar digital nerve may occur during resection if it is 
wrapped around the Dupuytren’s cord.

34.9.3 Thumb Arthroplasty

Arthroplasty at or about the carpal MC (CMC) joint of 
the thumb is a good example of treatment options for 
carpal arthritis, carpal instability, and carpal collapse. 
There are multiple surgical procedures, and each has its 
own set of complications.

Trapezial resection, interpositional arthroplasty w/
rolled tendon and MC suspension, is a good primary or 
salvage procedure for CMC arthritis and subluxation. 
Use of abductor policis longus tendon avoids the risks 
of a contaminated graft, but a small tendon may not be 
sufficient to suspend the thumb MC to the index MC 
and still leave enough to use as a filler for the removed 
trapezium. For this reason, an allograft is often used.

CMC fusion answers the problem of subluxation and 
instability of the proximal thumb MC, but can severely 
limit thumb abduction and grasp. Further, there is the 
ever-present risk of nonunion at the fusion site.

The Orthosphere™ implant is a smooth ceramic sphere 
interposed into the CMC joint and held in recesses fash-
ioned into the upper trapezium and proximal MC artic-
ular surfaces. In the appropriate patient the joint capsule 
is retensioned, subluxation is controlled, and motion is 
maintained.

If the trapezium is too eroded or flattened, or if the 
recesses are placed too far laterally, the implant may 
displace and present itself under the skin. Even a well-
placed implant can dislodge and the peripheral bone 
can fracture if the patient falls onto the thumb.

Silicon implants were popular in the 1980s and early 
1990s as a substitute for a degenerative trapezium. Their 
use has mostly ceased due to risks of implant fracture, 
implant displacement, and silicon particle–induced 
synovitis.

34.9.4 CTR

Even the commonly performed carpal tunnel release has 
attendant risks. Recurrent or persistent symptomatology 
may be the result of an incomplete release through a too 
small incision. Unreleased fibers of the distal transverse 
carpal ligament or of the distal forearm fascia may be the 
culprit. The recurrent nerves to the thenar muscles may 
exit through the transverse ligament rather than beyond 
its fibers. Poor visualization may result in nerve injury 
during the release. The palmar cutaneous nerve proxi-
mally and the arterial arch distally also must be avoided.

Complications by Category

Complications Nonoperative Operative

Fracture Nonunion
Malunion
Shortened
Angulated
Rotated

Arthritis
Stiffness from 
immobilization

Infection
Implant irritation
Nerve/tendon
Skin

AVN (scaphoid) Compartment syndrome
Tendon imbalance
Nail deformity
Graft/transfer necrosis
“Hole in hand”

Amputation Delayed healing
Bony prominence
Hypersensitivity

Wounds Flap necrosis
Tetanus
Foreign 
body—infection

Persistent infection
Stiffness
Swelling

Dissecting abscess
Skin necrosis
Tendon sheath 
infection

Stiffness

Nerve injury Neuroma
Missed partial injury

Tendon injury Late rupture
Contracture/imbalance
Boutonniere deformity
Mallet deformity

Repair failure
Tendon stretch/drooping
Adhesions/scar
Loss of ROM/triggering 
infection

Implant 
surgery

Nerve injury
Loosening of implant
Dislocation of implant
Periprosthetic fracture
Silicon toxicity/synovitis
Scar/stiffness

Avoidance Techniques for Common Complications

Infection Stiffness
Antibiotics Proper positioning
Thorough debridement Careful tissue handling
Wash/irrigate Stable fixation/early ROM
Delayed closure

Malunion Hypersensitivity
Assess reduction with x-ray Scar massage
Check ROM and alignment intra-op Early return to work
Use correct positioning in cast PT/OT
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35.1 Introduction

Poorly managed pain is associated with pathophysi-
ological responses that negatively impact key organ 
systems and delay postoperative recovery. Despite 
the introduction of new analgesics and novel anal-
gesic delivery systems, pain management practices 
remain suboptimal. Opioids and intravenous patient-
controlled analgesia (IV-PCA), the current standards 
of postoperative pain management, are associated 
with significant complications that reduce analgesic 
effectiveness and overall safety. This chapter will out-
line complications associated with poorly controlled 
postoperative pain and discuss adverse events (AEs) 
associated with commonly prescribed analgesics and 
analgesic techniques. It will then present methods to 
improve pain control by identifying barriers to effec-
tive analgesic control and presenting new approaches 
to management.

35.2  Undermedication of Surgical 
and Trauma-Related Pain

Pain following surgery is among the most common of 
patient complaints encountered by healthcare profes-
sionals and remains a major cause of patient dissatisfac-
tion, morbidity, and delayed hospital discharge. Severe 
acute pain is the most common reason for admission to 
the emergency department (ED), and a large proportion 
of patients presenting with surgical or trauma-related 
problems report pain of severe to very severe inten-
sity [1,2]. According to the National Center for Health 
Statistics, an estimated 29.0 million inpatient and 43.6 
million ambulatory surgeries were performed in 2011 
with a majority associated with moderate to very severe 
postoperative pain [3].

Despite the availability of effective treatment, intro-
duction of pain management services, and develop-
ment of novel analgesics and analgesic techniques, 
moderate to severe pain can persist for many days fol-
lowing hospital discharge from surgery [1,2,4,5]. In a 
large study of ambulatory surgical patients, McGrath 
et al. [2] reported that over 30% of patients reported 
moderate to severe pain scores (6.3 cm) on a 0–10 cm 
visual analog scale (VAS) on postoperative day 1, 
and pain intensity decreased only slightly (5.6 cm) 
by postoperative day 3. Beauregard et al. [1] assessed 
pain in patients recovering from ambulatory surgery 
and found that 40% of patients reported moderate to 
severe pain during the first 24 h after discharge; pain 
decreased over time but was severe enough to interfere 

with daily activities and return to work for several days 
to weeks after surgery.

Several epidemiological investigations performed in 
teaching or community hospitals have employed tele-
phone questionnaires and patient surveys to assess 
postoperative pain intensity and satisfaction with ther-
apy. Warfield and Kahn [5] found that ∼75% of patients 
experienced pain after surgery; 80% of those rated 
their pain as moderate to extreme. In a follow-up study 
9 years later, Apfelbaum et al. [4] similarly found 80% 
of patients experienced pain during the 2-week period 
after surgery. The majority (86%) of these patients clas-
sified their pain as moderate, severe, or extreme [4]. The 
lack of pain intensity differences between two simi-
lar trials performed 9 years apart is strikingly similar 
(Figure 35.2). Follow-up epidemiological surveys have 
yet to be performed; however, it is highly unlikely that 
pain intensity and patient satisfaction have improved 
to any great extent during the decade following these 
reports [6,7]. The Hospital Consumer Assessment of 
Healthcare Providers and Systems (HCAHPS) con-
ducted two 1-year studies of 3765 hospitals and found 
that the average satisfaction score for pain management 
was only 68/100 [8].

The rationale for improving pain management is 
summarized in Box 35.1. Optimal pain management 
is a basic human right, and there is a critical need for 

BOX 35.1 WHY SHOULD 
CAREGIVERS BE CONCERNED 

ABOUT POSTOPERATIVE PAIN?

 1. There is always a humanitarian need to 
reduce pain and suffering.

 2. Poor pain control can adversely effect out-
come in elderly and high-risk patients.

 3. Joint Commission and American Pain 
Society mandates underscore the impor-
tance of optimal pain management (pain 
as the “Fifth Vital Sign”).

 4. Patients have become increasingly knowl-
edgeable about new forms of therapy. 
Hospitals are being ranked on how well 
or how poorly they and their surgical staff 
manage pain.

 5. Hospitals and caregivers are increasingly 
liable for patient complaints of pain and 
suffering.

 6. Hospitals are ranked according to the 
quality of pain management they provide. 
Maintenance of future reimbursement 
will depend upon meeting or exceeding 
national averages.
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improvement particularly for elderly and high-risk 
patients, as well as those recovering from extremely 
painful procedures. In recent years, caregivers and 
national societies have become increasingly aware of the 
importance of pain management. The American Pain 
Society has declared the 10 year period beginning in 
2001 as the “Decade of Pain” [6]. The Joint Commission 
on Accreditation of Healthcare Organizations (JCAHO 
or Joint Commission) has mandated that pain intensity 
be measured regularly as the “fifth vital sign,” and that 
complaints of inadequate relief be treated promptly 
[9]. The Agency for Healthcare Research and Quality 
(AHRQ) and the Joint Commission have suggested that 
hospital performance standards include reductions in 
the incidence and severity of postoperative pain as well 
as improvements in patient satisfaction and comfort [9]. 
The Center for Medicare and Medicaid Services (CMS), 
as per the Affordable Healthcare Act of 2010, will start 
measuring and penalize poor performers based upon 
30 day readmission rates [9]. Hospitals will continue to 
be ranked based upon postoperative pain control and 
percentage reimbursement will be based upon these 
results.

35.3 Pathophysiology of Acute Pain

The American Pain Society describes pain as “an 
unpleasant sensory and emotional experience asso-
ciated with actual or potential tissue damage, or 
described in terms of such damage” [6]. Pain can be 
classified based upon patient complaint, or qual-
ity (i.e., burning, sharp, etc.), intensity, duration (e.g., 
acute, rehabilitative, chronic), and mechanism [10]. 
Nociceptive pain is the primary mechanism of pain in 
the postsurgical or traumatic setting. Surgery involves 
minor to highly invasive trespass of the human body 
in an effort to correct or control disease states and 
pathological processes. Tissue dissection and associ-
ated inflammatory responses generate intense noxious 
stimulation, which, if poorly controlled, can result in 
hemodynamic instability, pulmonary dysfunction, 
impaired rehabilitation, and development of persistent 
pain [11]. Therefore, in addition to the humanitarian 
reasons for reducing discomfort, there is increased sci-
entific understanding that poorly controlled postsurgi-
cal suffering can lead to pathological changes in pain 
pathways and perception [11–14].

Nociception (or pain detection) follows cell damage 
and activation of nerve fiber endings by local inflam-
matory responses and secondary responses to humoral 
mediators. Pain perception requires transmission of 
nociceptive signals to the spinal cord and then on to 

higher cortical centers. The pathological changes that 
occur in these pathways provide some survival ben-
efits but can cause significant morbidity in high-risk 
patients (Table 35.1). They include (1) hyperalgesia from 
peripheral and central sensitization, (2) sympathoadrenal 
activation, (3) neuroendocrine responses, and (4) develop-
ment of chronic pain.

35.3.1 Neuroendocrine Responses

Nociceptive impulses are capable of activating hypo-
thalamic centers, adrenal cortex, and medulla, thus 
initiating a neuroendocrine stress response [15,16]. 
This response consists of the secretion of cortisol, 
glucagon, growth hormone, catecholamines, and the 
inhibition of insulin and testosterone. Thus, acute 
pain precipitates a catabolic response of substrate 
mobilization, hyperglycemia, and a negative nitrogen 
balance [12]. The catabolic response to acute pain can 
be beneficial in the short term by increasing available 
energy. When acute pain is poorly controlled and pro-
tracted, these normal responses can negatively impact 
patient outcome by resulting in muscle wasting, 
impaired immune response, and decreased resistance 
to infection [11].

35.3.2 Sympathoadrenal Activation

Surgical injury is associated with marked increases 
in plasma epinephrine and norepinephrine concen-
trations [16]. Nociceptive impulses favor and increase 
sympathetic tone by stimulating sympathetic cells in 
the hypothalamus and preganglionic neurons anterior 

TABLE 35.1

Acute Injury Response: Potential Benefits versus 
Disadvantages in Postsurgical Settings

Beneficial Effects after Severe 
Injury

Adverse Effects in Elderly and 
High-Risk Patients

 1. Maintenance of intravascular 
volume and MAP

 1. Hypertension, 
hypervolemia, risk of 
hemorrhage and stroke

 2. Maintenance of cardiac 
output and cerebral perfusion

 2. Tachycardia, arrhythmias, 
myocardial ischemia, CHF

 3. Enhanced hemostasis  3. Hypercoagulable state, risk 
of arterial and DVT

 4. Immobilization, minimizing 
further tissue injury

 4. Deconditioning, splinting/
hypoxia, pneumonia

 5. Substrate mobilization, 
enhanced energy production

 5. Hyperglycemia, negative 
nitrogen balance

 6. Learned avoidance  6. Anxiety, fear, 
demoralization, prolonged 
convalescence

 7. Nerve plasticity promotes 
regeneration

 7. Nerve plasticity leading to 
chronic pain
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lateral horn of the spinal cord. Poorly controlled acute 
pain can lead to pathophysiological changes and del-
eterious patient outcomes mediated through increased 
sympathetic tone. These changes include the following:

• Increased incidence of postsurgical hyperten-
sion by 5%–50% (varying by severity of sur-
gery) [12].

• Increased risk of perioperative myocardial 
ischemia in patients with poorly compensated 
coronary artery disease [17]. Severe pain is 
commonly associated with an impaired ability 
to ambulate and with decreased venous blood 
flow.

• Catecholamines, angiotensin, and other factors 
associated with surgical stress increase platelet–
fibrinogen activation, while surgery, trauma, or 
even surgical positioning can impede venous 
return from the lower extremities. These factors 
underlie Virchow’s triad of venous stasis, hyper-
coagulability, and endothelial injury, increasing 
the risk of clot formation, deep venous thrombo-
sis (DVT), and pulmonary embolism [11,18,19].

35.3.3 Peripheral and Central Sensitization

A process termed “sensitization” increases pain inten-
sity at the incision and in areas adjacent to the surgical 
injury. Sensitization can occur at peripheral and central 
sites along the pain pathway and predisposes to hyper-
algesia (increased pain sensitivity to noxious stimuli) 
and allodynia (pain in response to normally non-nox-
ious stimulation) [20].

Peripheral sensitization occurs when the threshold 
for nociceptive firing is amplified by prostaglandins 
and other peripheral noxious mediators. In settings 
of intense inflammation, nerve fibers at the injury site 
demonstrate exaggerated firing and pain sensation, 
often out of proportion to the size of the incision and 
the degree of wound site stimulation. This enhancement 
in pain signaling to the spinal cord and eventually the 
sensory cortex is termed primary hyperalgesia [20].

Central sensitization occurs at the level of the spinal 
cord. Poorly controlled acute pain facilitates pain sig-
naling in the dorsal horn, resulting in the “windup” 
and firing of nociceptor specific and wide dynamic 
range (WDR) neurons independent of stimuli [21,22]. 
Central sensitization leads to secondary hyperalgesia, 
which results in increased pain at dermatomes above 
and below the injury site, muscle spasm, and exagger-
ated discomfort in response to non-noxious stimula-
tion [21–23].

Hyperalgesia and allodynia can result in prolonged 
discomfort and impaired rehabilitation [21]. Increased 

incident (“effort-dependent”) pain can markedly impair 
ambulation, incentive spirometry, and physical therapy. 
For example, hyperalgesia and splinting after upper 
abdominal and thoracic surgery generally interfere with 
a patient’s ability to cough, clear secretions, and take 
deep inspirations. This predisposes patients to atelec-
tasis, pneumonia, and hypoxia, particularly those who 
are elderly or have underlying pulmonary disease [24].

Extreme forms of central sensitization and second-
ary hyperalgesia can lead to persisting pain, which 
after a period of 3–6 months is considered chronic pain 
[12,23–26]. Poorly controlled and protracted postopera-
tive pain leads to plasticity changes, such as apoptosis 
and nerve fiber sprouting in the central nervous system 
(CNS). Such changes maintain exaggerated pain percep-
tion at the healed surgical site and cannot be reversed. 
There is a strong correlation between the intensity of 
acute postoperative pain and the risk of pain persis-
tence 1 year after surgery [27]. An estimated 10%–50% 
of patients undergoing operations such as leg amputa-
tion, coronary artery bypass grafting (CABG), breast 
surgery, and groin hernia repair report persistent pain 
1 year after surgery [25,26,28]. The incidence of chronic 
pain following routine surgical procedures is presented 
in Table 35.2. Surgeons may not be aware of these com-
plaints as they rarely see patients after 2 months unless 
complications arise. An overview of causal factors 
associated with the development of chronic postopera-
tive pain is presented in Figure 35.1. Pathophysiological 
responses to poorly controlled pain and their impact on 
key target organs are outlined in Figure 35.2.

TABLE 35.2

Estimated Incidence of Chronic Postoperative Pain and 
Disability after Selected Surgical Procedures

% of Patients

Estimated 
Incidence of 
Chronic Pain

Estimated 
Chronic Severe 

(Disabling) Pain 
(>5 out of 10)

US Surgical 
Volumes 
(1000s)

Amputation 30–50 5–10 159 (lower 
limb only)

Breast surgery 
(lumpectomy 
and 
mastectomy)

20–30 5–10 479

Thoracotomy 30–40 10 Unknown
Inguinal 
hernia repair

10 2–4 609

Coronary 
artery bypass

30–50 5–10 598

Caesarean 
section

10 4 220

Source: Modified from Kehlet, H. et al., Lancet, 367(9522), 1618, 2006.
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FIGURE 35.1
Risk factors for persistent pain following surgery.

Neurohumoral
alterations

Central processing
(cognitive changes)

Tissue
injury

Neural plasticity

Sympatho-
adrenal

activation

Neuroendocrine
alterations 

Anxiety, fear, 
helplessness, sleep

deprivation Demoralization

Primary 
hyperalgesia

Facilitated
noxious 

transmission

Increased pain perception

Muscle splinting

Immobilization

Decreased
regional

blood flow

Platelet
aggregation

 Increased O2
consumption

Atelectasis,
hypoxia Coronary

ischemia

DVT

Venous stasis

 Hyperglycemia,
tissue catabolism

Immunosuppression,
increased infection risk

Poor wound healing

FIGURE 35.2
Pathophysiology of pain.
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35.4  Deficiencies in Postsurgical 
Pain Management

Surgical caregivers and hospital administrators have 
expressed both surprise and dismay that despite the 
introduction of new analgesics and novel analgesic 
delivery systems, postoperative pain remains subopti-
mally controlled [4,5]. Many ask, why are we not doing a 
better job? A number of factors appear to be responsible 
for inadequate pain management (Box 35.2).

35.4.1 Educational Deficits

Physician misconceptions regarding analgesic therapy 
are often the result of educational deficits and misin-
formation gained during medical training [29]. Medical 
school and postgraduate training programs have his-
torically placed a low educational emphasis on pain 
management. Common educational deficits include the 
following. (1) Nonrecognition of pain-related patho-
physiological responses and associated perioperative 
morbidity, particularly in elderly, obese, and high-risk 
populations [11,14]. (2) Negative caregiver and patient 
attitudes toward opioids and exaggerated addiction con-
cerns, resulting in a reluctance to prescribe or take them 
particularly in certain age and racial populations [29].

In reality, opioids administered under proper physi-
cian supervision are associated with very low rates of 
opioid misuse or dependency. Surgeons can educate 
and correct patient misconceptions and inappropriate 
expectations, thereby preparing them to better cope 
with postsurgical pain. Patients receiving realistic, non-
biased pain management education prior to total hip 
arthroplasty were found to be significantly less anxious 
just before surgery than noninformed patients. They 
experienced less pain following surgery and were able 
to participate in rehabilitation sooner [30].

35.4.2 Undermedication of Pain

Although opioids are generally considered the founda-
tion of analgesic therapy and treatment of choice for 
moderate to severe postsurgical pain, a relatively low 
proportion of patients actually receive prescriptions 
adequate to control their discomfort. Surgeons withhold 
opioids because of confusion regarding addiction, regu-
lation of controlled substances, and an exaggerated fear 
of legal liability and regulatory scrutiny [29]. A study 
by Orgill et al. [31] showed that surgeons ordered opi-
oids to inpatients with moderate to severe pain follow-
ing total laryngectomy. To make matters worse, nurses 
administered significantly lower doses than prescribed, 
and no patient received the recommended minimum 
daily dose of morphine for adequate management of 
moderate–severe pain.

Dose-dependent opioid adverse effects often pre-
vent dosing to maximal efficacy and can be a contrib-
uting factor to patients’ discontinuation of therapy. 
Many patients may choose to cope with pain rather 
than continuing to experience intolerable opioid side 
effects [32–34]. This attitude was observed in pre- and 
postoperative interviews of 50 patients undergoing 
abdominal surgery, in which patients were asked to 
choose from among several hypothetical treatments 
with different characteristics reflecting the balance 
between analgesia and side effects [33]. Overall, the 
severity of side effects was considered a more impor-
tant consideration for satisfaction with therapy than 
the degree of pain relief, and many patients were will-
ing to “trade” analgesic efficacy for a reduction in side 
effects [32,33].

35.4.3 Analgesic Gaps

Analgesic gaps are specific time periods during 
postsurgical recovery when pain is unrelieved [29]. 
For example, a patient following major surgery may 
be extremely comfortable for many hours; however, 
a sudden change in analgesic delivery or change in 
patient activity may lead to dramatic increases in 
pain intensity. When patients are surveyed prior to 

BOX 35.2 FACTORS RESPONSIBLE FOR 
THE LACK OF IMPROVEMENTS IN 

POSTSURGICAL PAIN MANAGEMENT

 1. Educational deficits (uninformed, misin-
formed caregivers)

 2. Patient misinformation (unrealistic expec-
tations, overconcern regarding addiction 
risks)

 3. Lack of “pain service” supervision (dedi-
cated anesthesiology, surgical or nurse-
directed protocol development, and 24 h 
coverage)

 4. Analgesic gaps (pain developing in PACU, 
following transition in therapy and fol-
lowing hospital discharge)

 5. Technology failures (IV infiltration, pump 
misprogramming, epidural or nerve block 
catheter dislodgement)

 6. Opioid “monotherapy” (overreliance on IV 
and oral opioids)

 7. Opioid dependency (not recognizing or 
adjusting therapy for opioid-tolerant and 
hyperalgesic patients)
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hospital discharge, they remember these short, yet 
highly uncomfortable intervals, and rank overall pain 
relief and satisfaction lower than it could have been 
if the “gap” had not occurred. Common causes of 
analgesic gaps include, technology failures, pain fol-
lowing transition from an interventional technique to 
oral analgesics, and pain following hospital discharge 
(Box 35.3). Patients experiencing severe pain in the 
PACU are the result of “anesthetic gaps” in which opi-
oids or neural blockade is either withheld or admin-
istered in subtherapeutic doses. It may take many 
minutes to hours of opioid loading by PACU nurses 
to overcome this analgesic deficiency which patients 
recall all to vividly.

Analgesic delivery systems that are complex, invasive, 
or involve multiple steps for dose administration have 
more frequent system-related events (SREs), or prob-
lems that must be addressed by healthcare providers. 
For IV-PCA opioids, infiltration of the IV line is a fre-
quently reported SRE that results in an ineffective sub-
cutaneous deposition of drug, and increasing pain and 
discomfort. In this regard, the average patient may need 
to have their IV restarted 2.3 times just to maintain a 
site for PCA.

Technology failures with epidural and peripheral 
nerve catheters are also responsible for analgesic 
gaps. “The success rate of epidural catheters is about 
70%, which means that the inherent potential failure 
of epidural technology is about 30%” [35]. Inadequate 
analgesia may be related to catheter dislodgement 
following turning, physical therapy, or ambulation. 
Epidural analgesic solutions are very dilute and rap-
idly become subtherapeutic if the catheter is no longer 
in the epidural space. The surgeon and nursing staff 
should contact anesthesiology caregivers immediately 
to evaluate any interventional technique that is not 

providing effective pain relief. Adjustments in cathe-
ter position and bolusing of drug can often reestablish 
analgesia. Although in some situations, catheters may 
need to be replaced or an alternative analgesic tech-
nique provided.

Inappropriate or inadequate transitions between 
interventional techniques and oral medications also 
contribute to analgesic gaps [36]. Anesthesiology-
managed epidural and peripheral neural infusions are 
usually replaced by surgical orders for “as-needed” 
doses of hydrocodone or oxycodone. This transition 
may only provide 3 or 4 h of relief and less optimal 
analgesia. Reliance on short-acting opioids may create 
a cycle in which patients request doses frequently and 
may experience periods of inadequate analgesia over 
and over again.

35.4.4 Overreliance on Opioid Monotherapy

In contrast to those who under prescribe opioids, a grow-
ing number of surgeons rely almost exclusively on this 
analgesic class for acute pain management, and many 
prescribe relatively large doses despite fears of respira-
tory depression and other AEs. Many of these caregiv-
ers prescribe opioids as monotherapy, that is opioids for 
mild pain, more for moderate pain, and even more for 
severe pain. Monotherapeutic dosing protocols gener-
ally fail as patients suffer increasing AEs and intoler-
ability in relation to increasing exposure and elevations 
in CNS levels of drug [32,34].

The overall effectiveness of any form of analgesic 
therapy consists of a balance between efficacy and over-
all tolerability. High opioid dose exposure or opioid 
“burden” is the key factor responsible for annoying side 
effects and occur in a large proportion of patients pre-
scribed IV-PCA or oral opioids [32–34]. Symptoms may 
become so intolerable that many patients refrain from 
prescribed dosing and choose to suffer moderate to 
severe discomfort rather than experience dose-related 
AEs. These patients suffer in silence rather than alert-
ing the surgical office or “offending” their surgeons 
with complaints related to analgesic choice and dos-
ing regimen. Gastrointestinal (GI) and CNS side effects 
associated with opioids are often but not always dose-
dependent, and can be so troublesome that patients 
refuse additional dosing [34,37].

In surveys of patients undergoing abdominal sur-
gery, the severity of side effects was considered a more 
important consideration for therapy than the degree of 
pain relief [37,38]. Many patients are willing to “trade” 
analgesic efficacy for reductions in side effect severity 
(Figure 35.2). Thus, surgeons and patients alike share a 
difficult dilemma in that subtherapeutic opioid doses 
may be better tolerated yet provide inadequate pain 
relief, while prescription of higher, more effective doses 

BOX 35.3 ANALGESIC GAPS: 
SPECIFIC TIME PERIODS WHEN 

PAIN IS UNRELIEVED

 1. Pain in PACU (intraoperative analgesic 
deficiency)

 2. Pain during transport to and from 
procedures

 3. Technology failures (IV infiltration, pump 
misprogramming, epidural or peripheral 
nerve infusion catheter dislodgement)

 4. Transition from regional/neuraxial or 
IV patient-controlled analgesia to oral 
analgesics

 5. Inadequate analgesic prescriptions for 
home discharge
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often elicits an increased incidence of AEs, and subop-
timal pain relief if additional doses are refused. The 
answer may reside in the use of analgesic regimens 
reduce the opioid burden and improve tolerability while 
still maintaining analgesic efficacy.

35.4.5 Misdosing Opioids

Several factors increase risk for opioid under medica-
tion and intolerance. Many surgeons prescribe opioids 
according to standardized protocols despite marked 
patient variability in age, weight, and drug tolerance/
dependency. This “one dose size fits all” dosing phi-
losophy can lead to overdose and intolerance in a frail 
elderly patients or subtherapeutic dosing in vigorous 
adults. Age appears to be one of the most important 
variables determining opioid dose response [33,39]. 
Therapy should always be individualized for age-
related differences in drug clearance and elimination, 
as well as effects on the CNS. A common example of 
overstandardization is seen with IV-PCA morphine 
or hydromorphone order sets. Surgical orders often 
specify the same loading dose, bolus dose, lockout 
interval, and 4 h limits for 30 year old and 70 year old 
patients and for less invasive versus highly invasive 
procedures.

Analgesic dosing should also be based upon the 
intensity of operative pain as determined by the site, 
extent, and duration of surgery [40]. Thoracotomy, 
upper abdominal, and flank procedures require the 
most painful incisions, while laparoscopic, breast, and 
pelvic surgery are associated with lower pain inten-
sity. Ankle surgery, total knee replacement, and spinal 
fusion are among the most painful forms of orthopedic 
surgery [29].

A patient’s baseline health should also be consid-
ered with analgesic dosing. Declining levels of cardiac, 
hepatic, and renal function are often associated with 
notable alterations in the volume of distribution, clear-
ance, and excretion of most analgesic agents. For analge-
sics with high hepatic uptake and clearance, reductions 
in hepatic blood flow are accompanied by proportional 
decrements in the overall extraction rate and prolonged 
pharmacological effects. Agents that undergo biotrans-
formation or are eliminated by the kidneys can produce 
serious AEs in patients with renal failure unless dose 
adjustments are made.

Finally, it should be recognized that an increasing 
number of surgical procedures are being performed in 
patients with chronic opioid dependencies. Postsurgical 
IV-PCA orders for these patients are rarely adjusted or 
increased to compensate for opioid tolerance, and again 
the same bolus dose given to a naïve individual is pre-
scribed to a patient taking oxycodone 100 mg daily for 
chronic pain [41].

35.5  Pharmacoeconomic Consequences 
of Poorly Controlled Pain

35.5.1 Impaired Patient Functionality

Poorly controlled postoperative pain negatively impacts 
patient recovery and functionality during and beyond 
the immediate postoperative period. Dihle et al. [6] found 
that patients with high pain intensity scores following 
major orthopedic surgery experienced impaired func-
tionality and greater sleep disturbances postoperatively. 
These impairments included reductions in walking, gen-
eral activity, social interactions, and mood. Another study 
by Morrison et al. [42] evaluated 411 patients undergoing 
repair of hip fracture and found that patients with poorly 
controlled pain had a significantly longer length of hospi-
tal stay, were less likely to be ambulating by postoperative 
day 3, and took significantly longer to ambulate further 
than a bedside chair. Because of these early setbacks, they 
also had significantly lower locomotion scores at 6 months.

35.5.2 Economic Impact

Poorly controlled postoperative pain can add a signifi-
cant burden to healthcare resources and cost. Coley 
et al. [43] followed 20,817 ambulatory surgery patients 
and found that 38% of those who returned complained 
primarily of pain. They also found that the cost per 
patient readmission due to pain was $1869.

35.5.3 Quality Markers

Despite reductions in functionality and increased costs 
associated with poorly controlled pain, many surgeons 
continue to question the need for improvement, suggest-
ing that acute pain is a necessary physiological response 
to traumatic injury that will progressively diminish in 
intensity and eventually resolve. Most hospital admin-
istrators and reviewing organizations disagree, stating 
that optimal pain relief is a patient right and that under 
medication of pain is associated with significant mor-
bidity and delay in return to baseline functionality.

Data collected from local and regional patient satisfac-
tion surveys including information sent to The Hospital 
Consumer Assessment of Healthcare providers and 
Systems (HCAHPS) are increasingly being utilized to 
develop hospital performance standards for healthcare 
facilities [13,14]. The overall quality pain management 
provided at each facility and by medical and surgical 
specialists affiliated with those institutions has become 
a key performance marker. Surveys focused on patient 
satisfaction with pain management may be used to rank 
healthcare facilities as best or worst depending upon how 
well their pain was controlled. Facilities where pain was 
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“sometimes” or “never” well controlled have been ranked 
as worst. These rankings are presently published online 
or by US World Report rankings of hospital performance. 
It is no surprise that some hospitals are ranked far supe-
rior to others. Patients are increasingly making decisions 
to select one facility over a nearby competitor. Superiority 
in providing pain management may influence their 
choice. In the future, it is not inconceivable that govern-
ment and private payers may base rates of reimbursement 
in proportion to pain and other performance rankings.

35.5.4 Opioid-Related Adverse Drug Event Costs

Data also show that opioid-related adverse drug events 
(ADEs) have a significant impact on cost. Moleski et al. 
found that patients with greatest length of stay and cost 
had an equivalent of two times the opioid consumption 
of the control group, and significantly more respiratory 
and GI-related opioid-related ADEs [44]. Adamson et al. 
[45] examined a large national database and found that 
patients coded for postoperative ileus (POI) had on aver-
age an additional 6 days length of stay and an additional 

$9417 in hospital costs. A different study by Iyer et al. [46] 
evaluated a large series of patients recovering from col-
ectomy and found that patients who experienced opioid-
related POI had significant increases in length of hospital 
stay (1.86 days) and in total hospital costs ($4786).

35.6  Analgesic-Related Complications 
and Adverse Events

In addition to adverse effects from poorly controlled 
acute pain, additional ADEs are associated with analge-
sics. Analgesic-related AEs are summarized in Table 35.3.

35.6.1 Opioid Adverse Events

Opioid analgesics, whether given by enteral, IV, IV-PCA, 
or epidural routes, are associated with a significant inci-
dence of AEs and occasional life-threatening complica-
tions (Table 35.4). Oderda et al. [33] examined 324,568 

TABLE 35.3

Analgesic-Related Adverse Events and Complications

Agent Mechanism of Action Adverse Effects

Opioids (morphine, hydromorphone, 
oxycodone, hydrocodone, fentanyl)

Mu receptor–mediated inhibition of 
pain transmission

Nausea, vomiting, ileus, sedation, cognitive 
changes, respiratory depression

NSAIDs (toradol, ibuprofen, naproxen) COX-2 inhibition Wound site bleeding, GI bleeding, renal toxicity
Acetaminophen GABA interaction, serotonergic Hepatotoxicity
α-Agonists (clonidine) Enhanced monoamine-mediated 

analgesia
Hypotension, bradycardia

Ketamine (Ketalar) Nonselective NMDA antagonism Hallucinations, confusion
Gabapentinoids (gabapentin, Neurontin) α-2 Delta channel blockade Sedation
Local anesthetics (bupivacaine, 
ropivacaine, lidocaine, Exparel)

Nerve conduction blockade, infiltration Neurotoxicity, cardiotoxicity

Tricyclic antidepressants Norepinephrine reuptake inhibitor Dry mouth, arrhythmias, drowsiness
Dual-acting analgesics (tapentadol) Mu-opioid agonist and norepinephrine 

reuptake inhibition
Sedation

TABLE 35.4

Incidence of Side Effects by Route—Summary Data from Randomized Controlled Trials

Adverse Event Epidural (%) IV-PCA (%) IV (%) IM (%) TransDerm (%) Total (%)

Respiratory 12/635 (1.9) 8/442 (2) 4/164 (2) 17/154 (11) 17/154 (11) 44/1596 (2)
Pruritus 149/636 (23) 82/557 (14) 7/40 (18) 27/194 (14) 27/194 (14) 291/1589 (18)
GI 158/688 (23) 282/761 (37) 71/252 (28) 88/144 (61) 88/144 (61) 630/2034 (31)
Urinary 36/138 (26) 36/220 (16) 32/90 (35.6) 4/97 (4) 4/95 (4) 112/640 (17)
CNS 79/447 (18) 132/389 (34) 11/60 (18) 104/137 (76) 6/64 (9.4) 332/1097 (30)

Source: Modified from The Journal of Pain, 3(3), Wheeler, M., Oderda, G.M., Ashburn, M.A., and Lipman, A.G., 
Adverse effects associated with postoperative opioid analgesia: a systematic review, 159–180, Copyright 
2002, with permission from Elsevier.

Note: GI, gastrointestinal; Urinary, urinary retention; CNS, central nervous system effects; IV, intravenous; IM, intra-
muscular; TransDerm, transdermal.
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patients recovering from inpatient surgery and found 
that at least 20% experienced an opioid-related ADE 
during their hospital course. GI AEs, including nausea, 
vomiting, constipation, and ileus, were the most com-
mon. Sedation and somnolence are the most commonly 
reported CNS effects (30.3%). Respiratory depression 
is a rare CNS adverse effect, but potentially the most 
catastrophic.

Opioids are also known to induce postoperative delir-
ium (POD), particularly in elderly populations. POD is 
associated with an increased risk of morbidity, mortal-
ity, LOS, and likelihood of nursing home placement [45]. 
Predictors of POD include age >70 years, preexisting 
cognitive impairment, history of alcohol abuse, depres-
sion, dehydration, visual impairment, and preoperative 
use of opiates, as well as postoperative pain and the use 
of anticholinergic and benzodiazepines [45,47].

Respiratory depression associated with opioid use 
is thought, from observational studies, to occur in the 
range of 0.01%–3.0%. Respiratory events are most com-
mon in elderly patients, those with comorbidities (obe-
sity, sleep apnea, pulmonary disease) and when opioids 
are administered with other CNS depressants or con-
comitantly via different routes (neuraxial plus paren-
teral) [45,47].

35.6.2  Nonsteroidal Anti-Inflammatory 
Drug Adverse Events

Nonsteroidal anti-inflammatory drugs (NSAIDs) are 
commonly employed as monotherapy for mild pain 
and as analgesic adjuvants for moderate to severe pain. 
Their primary mechanism of effect is via inhibition of 
the arachidonic acid–cyclooxygenase (COX) pathways. 
The COX cascade consists of two distinct pathways: 
COX-1 and COX-2. The analgesic and anti-inflammatory 
effects of NSAIDS are attributable to inhibition of COX-
2, while their detrimental effects (e.g., renal dysfunction, 
GI mucosal compromise, platelet inhibition) are medi-
ated by inhibition of the COX-1 [48,49]. By reducing pros-
taglandin synthesis, NSAIDs can result in decreased 
inflammation, hyperalgesia, and allodynia. NSAIDs 
also decrease the recruitment of leukocytes and the pro-
duction of leukocyte-derived inflammatory mediators.

Ketorolac tromethamine is an IV NSAID widely 
employed for the short-term (≤5 days) management of 
moderately severe acute postoperative pain. Of note, 
ketorolac has far greater inhibitory effect on COX-1 than 
on COX-2 (300:1). Thus, IV ketorolac is contraindicated 
for use in patients with renal insufficiency, which is par-
ticularly prevalent in elderly populations, or for patients 
with a history of GI bleeding. The potent effect of ketor-
olac on COX-1 also inhibits platelet function, which can 
increase the risk for bleeding in the perioperative set-
ting. Indeed, postoperative use of ketorolac has been 

associated with hematomas and other signs of wound 
bleeding. As such, the prescribing information for IV 
ketorolac contains a black box warning against its use 
as a prophylactic analgesic before any major surgery. To 
minimize bleeding and GI risks, ketorolac doses should 
be reduced to 15 mg every 6 h and for no more than 3–5 
days [50].

35.6.3 Local Anesthetic Adverse Events

Local anesthetics are associated with several disadvan-
tages. Patchy or incomplete blockade may ensue if the 
surgeon uses too limited a dose or does not infiltrate all 
surgical planes of the wound site. All local anesthetics 
have some degree of neurotoxicity, which is dose- and 
exposure duration–dependent. Rapidly metabolized 
agents such as chloroprocaine are less toxic. Large doses 
of local anesthetic injected into highly vascular tissues 
are more rapidly absorbed and can quickly reach toxic 
levels. Toxicity is a concern with either unintentional 
IV administration or rapid vascular uptake from tissue. 
Some agents are reasonably benign such as lidocaine 
or chloroprocaine, but others such as bupivicaine and 
ropivacaine can result in seizures or fatal ventricu-
lar arrhythmias. Depending on the agent, dosage, and 
injection location, treatment of toxicity may be neces-
sary. Required supportive care may rapidly require air-
way and ventilatory support, seizure treatment, blood 
pressure support, and arrhythmia control. In cases of 
systemic toxicity due to bupivicaine, advanced life sup-
port and IV administration of a fat emulsion are effec-
tive [51].

35.6.4 Acetaminophen-Related Adverse Events

Acetaminophen is widely prescribed for surgical pain 
management and fever, and is contained in a large num-
ber of preparations and opioid compounds. Accidental 
or intentional acetaminophen overdose (7.5–10 g in 
adults; >150 mg/kg in children) can cause hepatotoxic-
ity, which is the most common cause of acute liver fail-
ure in United States [52]. Toxicity from acetaminophen is 
not from the drug itself but from one of its metabolites, 
N-acetyl-p-benzoquinone imine (NAPQI). Normally 
this metabolite undergoes conjugation with glutathi-
one, but at toxic doses conjugation depletes glutathi-
one, leading to hepatic cell necrosis. Symptoms related 
to NAPQI hepatotoxicity including anorexia, nausea, 
vomiting, right upper quadrant pain, diaphoresis, jaun-
dice, and hypoglycemia may develop over 1–5 days 
[52]. Treatment of acetaminophen overdose includes 
administration of oral-activated charcoal to decrease 
absorption of acetaminophen and N-acetyl cysteine—
as an antidote, which act as a precursor for glutathi-
one. Acetaminophen is absolutely contraindicated in 
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patients in fulminant hepatic failure, and restricted for 
use in chronic alcohol abusers. Acetaminophen should 
be used with caution in patients with severe hepatic 
impairment, although hepatotoxicity has not been 
shown to occur at the recommended doses. In patients 
with severe renal impairment, the minimum interval 
redosing of the drug should be increased to 6 h [53,54].

35.7 Improving Surgical Pain Management

35.7.1 Multimodal Analgesia

Complete abolition of postoperative pain (pain pre-
vention) is difficult to achieve with a single drug or 
analgesic technique [55–57]. In an effort to improve 
postoperative pain management, The American Society 
of Anesthesiology has developed practice guidelines 
for “balanced” or multimodal analgesia. Multimodal 
analgesia provides several potential benefits. First, 
the use of agents with different mechanisms of action 
can provide analgesic synergy and greater reduction 
in opioid dose requirements. Second, analgesic syner-
gism may reduce dose requirements of each respective 
agent, thereby limiting AEs [55,56]. The concept of mul-
timodal analgesia versus monotherapy is presented in 
Figure 35.3.

Unless contraindicated, all patients without contra-
indications should receive consideration of an around-
the-clock regimen of NSAIDs, COX-2 inhibitors, or 
acetaminophen, as well as neural blockade with local 
anesthetics. Furthermore, the availability of an IV anal-
gesic is critical in the immediate postoperative period. 
As compared to oral formulations, IV medications tend 
to have improved bioavailability, an earlier onset of 
analgesic effect, and are not dependent on an enteral 
route, as oral intake may be compromised by postopera-
tive nausea and vomiting or the nature of the surgery 

[58]. Among IV agents used in multimodal analgesia 
are opioids, NSAIDs, acetaminophen, α2-agonists (e.g., 
clonidine), and N-methyl-d-aspartate (NMDA) receptor 
antagonists such as ketamine.

35.7.2 Preventive Analgesia

A second pain management strategy that has gained 
renewed attention is the administration of analge-
sics prior to surgical incision, or preventive analgesia. 
Investigators have found that preemptive administra-
tion of NSAIDs and local anesthetics can effectively 
block nociceptor activation, release of inflammatory 
mediators, and transmission of noxious stimuli [59,60]. 
By reducing the cascade of events that lead to periph-
eral and central sensitization, preventive analgesia may 
improve pain control, rehabilitation, functionality, and 
a variety of other outcome measures.

35.7.3 NSAIDs and COX-2 Inhibitors

Several NSAIDs with safety margins superior to 
ketorolac may be considered for augmentation of 
perioperative analgesia. Celecoxib and meloxicam 
are oral formulations of COX-2-selective agents. An 
intravenous formulation of ibuprofen (Caldolor®) was 
approved for management of mild to moderate pain, 
and as an adjunct to opioid analgesics for manage-
ment of moderate to severe pain. When compared with 
ketorolac, IV ibuprofen has more “balanced” affinity 
for the COX isoenzymes, which translates into a lower 
risk for COX-1-related AEs [61,62]. Published data indi-
cates that IV ibuprofen had even greater efficacy when 
used as a preemptive analgesic [61,63]. Preoperative 
dosing followed by doses every 6 h reduced pain inten-
sity scores and PCA morphine requirements by 33% 
in patients recovering from major orthopedic surgery 
and was not associated with bleeding, renal toxicity, or 
other AEs [63].

Opioids!

Opioids!

Opioids!
Mild-to-moderate

pain

Breakthrough pain 

Moderate-to-severe
pain

Acetaminophen,
NSAIDs, coxibs,
gabapentanoids,

steroids, ketamine

Neural blockade

Weak
opioids/

tapentadol

FIGURE 35.3
Opioid monotherapy versus multimodal analgesia.
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35.7.4 Epidural and Spinal Analgesia

An ideal target for suppression of noxious signaling 
is the synapse between the primary pain fiber and 
the second-order cell in the spinal cord. Analgesics 
administered via spinal and epidural needles or cath-
eters as well as parenteral and oral routes can bind to 
endogenous receptors and enhance local and descend-
ing inhibitory mechanisms. The anesthetist can be 
asked to add small doses (0.15–0.5 mg) of preserva-
tive-free morphine (Duramorph, Astramorph) to the 
spinal anesthetic [50,64]. This small dose can provide 
up to 24 h of pain relief and significantly reduce the 
need for parenteral or oral opioids. Continuous epi-
dural infusions of fentanyl or hydromorphone can be 
maintained for up to 96 h [65]. The addition of ultra-
dilute concentrations of bupivacaine (0.02%) or ropi-
vacaine (0.1%) to the infusion provides spinal neural 
blockade and additional analgesic benefits. While 
catheter placement is invasive, epidural infusions of 
opioid plus local anesthetic provide efficient and effec-
tive form of pain control for thoracic and abdominal 
surgeries including colectomy, as well as for ortho-
pedic total knee replacement. Unfortunately, low-
molecular-weight heparin must be held for a period 
of time around the insertion and removal of epidural 
catheters, but epidural catheters can be maintained 
in patients receiving aspirin or subcutaneous unfrac-
tionated heparin [66].

35.7.5 Peripheral Neural Blockade

Local anesthetics may be used to effectively block 
noxious signaling in peripheral nerves, thereby 
reducing pain intensity and opioid requirements. 
Anesthesiologists and surgeons can employ ultrasound 
to more reliably administer either boluses doses of local 
anesthetic or to guide catheter placement for continuous 
infusions. Continuous neural blockade with bupiva-
caine or ropivacaine can provide prolonged pain relief 
but requires placement of a catheter. Following cath-
eter placement, infusions can be maintained for up to 
96 h to control pain associated with hand, arm, shoul-
der, knee, and ankle procedures [50,58,67,68]. In some 
institutions, selected patients may be discharged home 
or to rehabilitation facilities with catheters in place and 
infusions maintained with pressure powered pumps 
[69]. Infusate solutions of bupivacaine and ropivacaine 
may be diluted as low as 0.2%–0.25% to selectively block 
small pain fibers while sparing the larger sensory and 
motor fibers. In patients recovering from total knee 
replacement surgery, continuous femoral nerve block 
with bupivacaine 0.25% provides superior pain relief, 
and functionality (greater knee flexion), with fewer AEs 
than IV-PCA morphine [67,68].

Infiltration of local anesthetic into the wound can 
also provide effective analgesia; however, the duration 
is often limited to 6–8 h unless a catheter and infusion 
pumps are employed to maintain the block. A novel 
local anesthetic preparation of liposomally encapsulated 
bupivacaine (Exparel™) has recently been approved by 
the FDA for surgical wound infiltration [69]. A single 
infiltration can provide an extremely prolonged dura-
tion of analgesia ranging up to 72 h. This preparation 
is expected to play a major role in surgeon-managed 
multimodal analgesia particularly for colorectal and 
orthopedic surgery and “fast-track” opioid reduction 
treatment plans.

35.7.6 Intravenous Acetaminophen

Intravenous acetaminophen (IV-APAP) is a synthetic, 
nonopiate, centrally acting analgesic and antipyretic. It 
is recommended as a first-line analgesic for mild to mod-
erate acute pain states and is effective in combination 
with other analgesics for more severe pain. Intravenous 
acetaminophen is the preferred preparation for use in 
perioperative settings since most patients are unable to 
tolerate oral medications and/or may have unpredict-
able GI function following surgery [54,70,71]. It is avail-
able as a 1 g/250 mL vial that should be administered 
over 15 min, every 6 h with a maximum daily dose of 
4 g. When compared to oral and rectal formulations, 
IV-APAP achieves more predictable and effective plasma 
levels in a shorter interval of time [70,71]. It is compa-
rable to other IV ketorolac 30 mg for the treatment of 
moderate postoperative pain. It can reduce the amount 
of opiates required for postoperative pain by 33%, and 
possibly reduce narcotic-related adverse effects [70,71]. 
IV acetaminophen has an excellent safety profile as it 
is not associated with sedation, respiratory depression, 
nausea, vomiting, ileus, or pruritus observed with opi-
oids, or the renal, GI, and platelet effects observed with 
NSAIDs.

35.7.7 Novel Opioid Preparations

Since surgical pain has a constant component with 
periods of exacerbation, orthopedic and general sur-
geons often prescribe sustained release opioids as a 
continuous approach to pain management. While not 
specifically indicated for postoperative pain, controlled 
release opioids, including morphine (MS), contin, and 
oxycontin, are increasingly employed in this setting. 
Controlled release preparations are ideally suited for 
patients suffering prolonged discomfort during reha-
bilitation and those with chronic pain. They provide 
8–12 h of pain relief, avoid frequent peak and trough 
plasma levels, and provide greater analgesic reliability 
and uniformity [72].
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Tapentadol is a mu-opioid, central-acting analgesic 
recently approved for postoperative pain management 
that offers equivalent analgesia to commonly used opi-
oid, oxycodone but with a reduced incidence of GI AEs. 
Tapentadol blocks the norepinephrine reuptake pro-
tein on terminal endings of descending axons, thereby 
increasing concentrations of norepinephrine and 
enhancing α-adrenergic-mediated pain suppression. 
Clinical studies indicate that tapentadol (50–75 mg) 
provides analgesia comparable to oxycodone (10 mg) 
with significantly less nausea, vomiting, constipation, 
and pruritus [73]. Tapentadol may be useful for patients 
with history of opioid GI intolerance who are recovering 
from procedures with moderate to severe pain.

35.7.8 Central-Acting Drugs

α-Adrenergic blockers such as clonidine bind to endog-
enous α-adrenergic receptor and enhance endogenous 
analgesia. Clonidine (Catapress™) transdermal patch 
offers a noninvasive convenient way to administer drug 
at a rate of 0.2 mg/24 h. Its analgesic benefits are useful 
in patients intolerant of opioids and are best appreci-
ated when the patch is applied prior to surgery [74,75]. 
Other drugs that can be used to enhance spinal and 
supraspinal α-adrenergic analgesia include tricyclic 
antidepressants (TCAs), and serotonin–norepineph-
rine reuptake inhibitors (SNRIs). These agents provide 
antineuropathic effects and are useful in patients with 
a nerve injury component (thoracotomy, mastectomy, 
amputation) to their postsurgical pain [76]. They also 
improve sleep and provide antidepressant benefits for 
patients unable to cope with severe pain, or those with 
poor outcomes following oncological surgery. In con-
trast to the delayed onset of antidepressant activity, the 
onset of TCA-based analgesia is fairly rapid (24 h). Since 
TCAs can be sedating, they are best administered prior 
to sleep. Doses should be given at night to improve sleep 
while reducing complaints of sedation and blurred 
vision.

35.7.9 Muscle Relaxants

Hyperalgesic spinal motor responses to peripheral 
injury increase skeletal muscle tone in dermatomes at 
and adjacent to the site of trauma. Increasing muscle 
spasm and accumulation of lactic acid result in increased 
sensitization and pain. Opioids have minimal effect on 
hyperalgesic muscular spasm but can diminish associ-
ated pain. Administration of skeletal muscle relaxants, 
including judicious doses of diazepam and lorazepam, 
can inhibit muscle spindle activity and reduce patho-
logical spasm. By breaking the cycle of pain causing 
muscle spasm and increasing spasm causing increasing 
pain, patients benefit from greater comfort and reduced 

opioid dose. It should be remembered that coadminis-
tration of benzodiazepines and other muscle relaxants 
will increase central sedation; therefore doses of other 
central-acting agents, particularly opioids, should be 
reduced [77].

35.7.10 Central-Acting Analgesics

Nonopioid pain modulators such as ketamine, gaba-
pentin, and pregabalin are increasingly prescribed 
for postoperative pain management. In clinical tri-
als, these agents provide measurable opioid-sparing 
effects, reduce pain intensity scores, and reduce wound 
site hyperalgesia. Ketamine is nonselective NMDA 
receptor antagonist that can suppress the sensitization 
of second-order spinal neurons [78]. Low-dose IV ket-
amine infusions (0.1–2 mg/kg/h) are generally well tol-
erated and are not associated with hallucinations and 
dysphoria seen with high-dose administration of ket-
amine. Ketamine infusions provide significant opioid-
sparing effects and are particularly useful in patients 
who are intolerant to opioids and others who have 
significant pulmonary disease. They are also effective 
for reestablishing effective analgesia in patients with 
high-grade opioid tolerance and diminished opioid 
effect (opioid hyperalgesia) [79]. In contrast to opioids, 
ketamine supports airway reflexes and maintains 
respiratory rate [78].

Anticonvulsant agents approved for chronic neu-
ropathic pain have been advocated for use as postop-
erative analgesic adjuvants [80]. Pre- and postoperative 
dose of gabapentin (900 mg) and pregabalin (150 mg) 
has been shown to significantly reduce opioid consump-
tion in several postoperative models. These analgesics 
do not provide significant reductions in pain intensity 
or opioid requirements; however, perioperative dosing 
has been shown to reduce peripheral and central sensi-
tization and the risk of persistent pain.

35.7.11 Improved Patient and Provider Relationships

The patient–provider relationship can also impact the 
quality of postoperative analgesia. For example, one 
study demonstrated that patients receiving realistic, 
unbiased pain management education prior to total hip 
arthroplasty experience less pain following surgery and 
were able to stand sooner than those who did not [22]. 
This relationship may be improved if the provider is 
better able to understand the patient’s perspective.

Understanding a patient’s emotional coping mech-
anisms may help the provider optimize analgesia. 
Reaction to pain is a conditioned behavior that reflects 
cultural values and can be divided into two broad cat-
egories. Stoic patients and cognitively impaired may 
express minimal discomfort vocally, and emotive 
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patients are quite vocal. Highly aggressive and angry 
patients tend to consume more medications than do 
patients whose coping styles are more passive.

Surgeons can educate and positively influence patient 
expectations, thereby preparing them to better cope 
with postsurgical pain. Patients receiving realistic, 
nonbiased pain management education and simple 
breathing exercises prior to surgery are generally less 
anxious and functional than noninformed patients [81]. 
Analgesics and educational techniques that may be 
employed to improve postoperative pain and increase 
patient satisfaction are presented in Table 35.5.

35.8 Conclusion

Poorly controlled pain is associated with significant 
pathophysiological responses, poor patient satisfaction, 
impaired rehabilitation, delayed hospital discharge, 

and an increased risk for developing chronic pain. 
Inadequate control of postoperative pain is related to 
educational deficiencies, analgesic undermedication, 
and AEs related to opioid monotherapy. A stepwise, 
multimodal analgesic approach offers improved anal-
gesic efficacy while minimizing adverse effects. The 
increased availability of injectable nonopioid analgesics 
and improvement in regional analgesia have dramati-
cally increased interest and application of multimodal 
analgesia. A significant body of positive evidence has 
been published [56,82] indicating that multimodal anal-
gesia is safe, effective, and can improve patient out-
comes and hospital costs related to opioid overuse.
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36.1 Introduction

Acute care of neurosurgical patients can be extremely 
complicated and challenging. The entire team compris-
ing neurosurgeons, trauma surgeons, intensivists, and 
the nursing staff must have a thorough background in 
managing complications associated with these patients 
and work together to afford the patient the best possible 
chance of a successful outcome. This chapter will serve 
as a broad overview of a multitude of complications fol-
lowing craniotomy that should be understood by the 
team and recognized in a timely fashion to decrease the 
overall morbidity of this unique patient population.

36.2 Intracranial Hemorrhage

Before patients undergo craniotomy, a thorough his-
tory should be obtained to evaluate for any history of 

clotting abnormalities and a thorough review of medi-
cations should be obtained. Preoperative laboratory 
testing including prothrombin time, partial throm-
boplastin, international normalized ratio, and platelet 
levels should be assessed. Those patients receiving 
aspirin, Plavix, Coumadin, heparin, Pradaxa, and 
Lovenox are at an increased risk for postoperative com-
plications, and appropriate treatment prior to or dur-
ing surgery should ensue [1,2] (Table 36.1). However, 
prevention of these complications can be best achieved 
by meticulous hemostasis at the time of the operation 
and tight blood pressure control during the periopera-
tive period.

Despite all best efforts both intraoperative and post-
operative, complications still occur. Following surgery, 
patients may suffer from bleeding and the develop-
ment of a hematoma in several different compartments 
around and inside the brain. These include epidural, 
subdural, intraparenchymal, and intraventricular [3,4]. 
The clinical presentation of these lesions is not specific; 
the practitioner responsible for these patients should 
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be well versed in the neurological examination and 
have a high index of suspicion to prevent delays in care 
that severely affect the morbidity and mortality of this 
patient population. Patients who become increasingly 
lethargic and exhibit focal signs such as hemiparesis, 
aphasia, cranial nerve palsy, or seizure are at significant 
risk [5]. Changes in vital signs, such as Cushing’s triad 
(hypertension, bradycardia, and abnormal respiratory 
pattern), may reflect increasing intracranial pressure 
(ICP) signifying imminent herniation [6,7]. Identification 
of any of the earlier signs or symptoms warrants emer-
gent computed tomography (CT) scanning as the initial 
test of choice [8].

Treatment for these lesions surrounds the principle of 
relieving increased ICP and is dependent on the exact 
location and size of the insult [9]. General measures 
include maintaining the head of bed at 30°, keeping the 
head neutral to allow adequate venous drainage, and 
loosening cervical collars as to not compress venous 
outflow. Medical management may include the use of 
mannitol, hypertonic saline (i.e., 23.4%), or temporary 
hyperventilation.

Mannitol is an effective osmotic agent and will rap-
idly decrease ICP. Dosing is 1–1.5 g/kg given as a bolus; 
subsequent dosing of 0.5 g/kg every 4 h may help sus-
tain the effects. Measuring serum osmolarity is impor-
tant to avoid a hyperosmolar state with the potential for 
severe metabolic derangements and acute renal failure; 
mannitol should be discontinued if the serum osmolar-
ity reaches 320 mOsm [10–19].

The 23.4% hypertonic saline is equally as effective as 
mannitol and is given as a 30 cc bolus. Following serum 

sodium levels every 4–6 h, if the serum sodium level 
exceeds 155 meq/L, hypertonic saline should be discon-
tinued to prevent renal damage [20,21].

Patients whose neurological condition is deteriorating 
and whose level of consciousness is depressed require 
intubation, not only for airway protection but also for 
allowing temporary hyperventilation. Monitoring arte-
rial blood gases is essential and the ventilator settings 
should be adjusted to reach a goal CO2 of 30–35 torr 
[10,13,22–27].

Ultimately the patient may best be served by evacuation 
of the offending lesion in the case of an epidural, subdu-
ral, or intraparenchymal lesion. In the event of intraven-
tricular hemorrhage, an external ventricular drain may 
be placed to prevent obstructive hydrocephalus.

36.3 Hydrocephalus

Hydrocephalus may cause symptoms resembling those 
caused by focal, expanding mass lesions and occurs 
when the drainage pathway from one ventricle to another 
becomes blocked. This most commonly occurs between 
the lateral and third ventricles and less commonly 
between the third and fourth ventricles. In the postop-
erative period, the most common cause of obstruction is 
blockage from blood within the ventricular system. This 
may require placement of a ventriculostomy to allow an 
outlet for the accumulation of cerebrospinal fluid (CSF). 
Another common cause could be from compression 

TABLE 36.1

Management of Antiplatelet, Antithrombotic, and Anticoagulation Agents

Medication Pharmacology Laboratory Testing Treatment Dosage

Acetylsalicylic acid 
(i.e., Aspirin)

Half-life 2–4.5 h; inhibits platelet 
function for 7–10 days

Platelet function assay (PFA) 
and bleeding time

Platelet 
transfusion

Clopidogrel 
(i.e., Plavix)

Half-life 7–10 h; inhibits platelet 
function for 7–10 days

Platelet function assay (PFA) 
and bleeding time

Platelet 
transfusion

1 apharesis unit (4–6 pooled 
units of platelets) raises 
platelet count by 30 × 109/L; 
goal functioning platelet 
count >100 × 109/L

Heparin Half-life 1–2 h Partial thromboplastin time 
(PTT)

Protamine 
sulfate

1 mg/90–100 units of heparin 
given in previous 2–3 h

Enoxaparin sodium 
(i.e., Lovenox)

Half-life 4.5 h No reliable test Protamine 
sulfate

1 mg/1 mg enoxaparin in 
previous 8 h

Dabigatran etexilate 
(i.e., Pradaxa)

Half-life 12–14 h, prolonged 
with renal impairment

Thrombin time (TT), 
activated partial 
thromboplastin time (aPTT), 
ecarin clotting time (ECT)

Hemodialysis

Warfarin sodium 
(i.e., Coumadin)

Inhibits vitamin K–dependent 
clotting factors; Half-lives: 
Factor II—60 h, VII—4–6 h, 
IX—24 h, and X—48–72 h 
Protein C—8 h, Protein S—30 h

International normalized 
ratio (INR)

Vitamin K, 
fresh frozen 
plasma (FFP), 
factor VIIa

Vitamin K—5–10 mg IV 
q12 h × 3 doses; 
FFP—10–30 mL/kg 
(1 unit = 250 mL); factor 
VIIa—15–90 units/kg
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of the ventricular system by a blood clot or developing 
edema. In the event of a blood clot, the offending hemor-
rhage may need to be evacuated to open the blockage. If 
edema is present, the patient could benefit from medical 
therapy with either mannitol or hypertonic saline. The 
use of decadron may be helpful in patients suffering from 
edema caused by a neoplastic process.

The patient will become lethargic and demonstrate 
progressive signs associated with the exact location of 
the inciting insult. The first and most sensitive diagnos-
tic tool to evaluate patients with hydrocephalus is a non-
contrast CT scan.

There are two primary types of hydrocephalus: com-
municating and noncommunicating. Communicating 
hydrocephalus blocks the reabsorption of CSF down-
stream from the foramen of Luschka to its point of 
reabsorption through the arachnoid villi into the major 
venous sinuses. The point of obstruction may be at the 
tentorial incisures as the result of scarring from men-
ingitis or damage to the arachnoid granulations. The 
most common cause of communicating hydrocephalus 
in the postoperative period is the blockage of absorp-
tion pathways by subarachnoid blood. Communicating 
hydrocephalus causes the patient’s condition to deterio-
rate slowly, generally over a period of days. Typically 
there are no focal signs; however, the patient may 
exhibit gait ataxia, memory difficulty, urinary incon-
tinence, lethargy, and increased headache. A CT scan 
shows universal dilation of the entire ventricular sys-
tem. Lumbar puncture may demonstrate a high open-
ing pressure. The CSF may be xanthochromic with a 
high protein level, indicating the viscous nature of the 
fluid and the potential problem in filtering it through 
the arachnoid villi. Serial lumbar punctures may be per-
formed as a temporizing measure to diagnose and treat 
communicating hydrocephalus versus the placement of 
a ventriculostomy with continuous drainage of CSF. If 
the patient’s neurological condition improves, definitive 
treatment in the form of a shunt may be required.

Noncommunicating hydrocephalus usually causes 
rapid deterioration of the patient’s condition [28]. The 
patient may at first be agitated but then enters a coma-
tose state. Sedating a patient who is agitated after cra-
niotomy without first ruling out hydrocephalus as the 
cause of this alteration in mental status is a common 
fatal mistake because sedation masks the increase in ICP 
and the eventual herniation. Therefore, patients at risk 
of blockage of CSF flow, such as those who have recently 
undergone surgery to the posterior fossa or those with 
intraventricular hemorrhage, require more careful, 
anticipatory observation for the signs of deterioration 
caused by acute hydrocephalus (Figure 36.1). A ven-
triculostomy kit should be placed at the bedside of the 
patient; so immediate decompression can be provided 
if necessary. Similar to communicating hydrocephalus, 

permanent shunt placement may become necessary and 
is the definitive treatment for obstructive hydrocephalus.

36.4 Pneumocephalus

Pneumocephalus is the accumulation of air in the intra-
cranial compartment. It commonly occurs after crani-
otomy if the air is not completely evacuated before the 
bone flap is replaced or if there is communication with 
an air-filled sinus. It may also occur after a traumatic 
basilar skull fracture when air is introduced into the 
subarachnoid space by communication with the exte-
rior environment, usually through the ethmoid, sphe-
noid, mastoid, or frontal sinuses [29]. Pneumocephalus 
may cause a patient to become lethargic and confused. 
A CT scan may confirm the accumulation of air beneath 
the bone flap or communication with one of the sinuses. 
Most cases of pneumocephalus are asymptomatic and 
require no treatment. In the event the patient is symp-
tomatic, the patient may be given 100% oxygen by a 

(a) (b)

(d)(c)

FIGURE 36.1
(a) Axial T1W MRI with contrast showing large right cerebellopontine 
angle meningioma. (b) Postoperative axial flair MRI showing edema 
and fourth ventricular obstruction. (c) Postoperative axial T2W MRI 
showing hydrocephalus and ventriculostomy placement. (d) Axial 
CT showing resolution of hydrocephalus following ventriculostomy.
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nonrebreather mask and kept flat in bed. Tension pneu-
mocephalus, marked by an enlarging accumulation of 
air causing mass effect, including midline shift, sul-
cal effacement, or both, demands more aggressive and 
invasive intervention to alleviate the pressure. Emergent 
reopening of the craniotomy or needle aspiration may 
be necessary in life-threatening situations.

Pneumocephalus indicates communication between 
the exterior environment and the intracranial cavity 
[30]. This condition can be a precursor of CSF leakage. 
CSF may drain through the ethmoid or sphenoid sinus 
complex, causing rhinorrhea, or through the mastoid 
air cells, causing otorrhea. Although pneumocephalus 
indicates a tear in the dura, a CSF leak indicates a rela-
tively large dural tear allowing a stream of CSF to flow. 
CSF may also leak from the scalp suture line; the flow 
of CSF to the external environment should stop after 
a watertight closure has been established by oversew-
ing the suture line. When rhinorrhea or otorrhea occurs 
postoperatively, it should be treated conservatively 
with placement of a lumbar drain. The drain should be 
opened and the height adjusted to allow 10–15 cc/h for 
3–5 days. Before removal of the lumbar drain, it should 
be clamped and the patient monitored for 24 h to assess 
for any further drainage. If a seal is not accomplished 
after conservative treatment, surgical intervention may 
become necessary. The use of antibiotics to treat pneu-
mocephalus alone or in combination with CSF leakage 
is controversial. Treatment with antibiotics should not 
be initiated unless signs and symptoms of CSF infec-
tion develop. Prophylactic treatment with antibiotics 
should be initiated only if the patient has significant 
sinusitis.

36.5 Postoperative Edema

Brain edema [31] during the postoperative period can 
be caused by excessive intraoperative retraction, intra-
operative trauma, arterial or venous occlusion, and 
associated with a neoplastic process [32]. On further 
evaluation with CT scanning, edema will appear as 
an area of decreased density and may be associated 
with sulcal effacement or brain shift. Brain edema is 
commonly associated with intracerebral hemorrhage 
and contusion. Edema associated with cerebral infarc-
tion generally indicates severe stroke and may lead to 
herniation. All of these causes may be seen during the 
postoperative period (Figure 36.1). When accompanying 
a neoplastic process, the most typical cause is a meta-
static lesion; however, primary brain tumors such as 
glioblastoma and meningioma may also cause signifi-
cant edema following resection.

The treatment of edema depends on the underlying 
cause of the lesion. When edema is associated with a 
neoplastic process or inflammation (i.e., vasogenic 
edema), steroids play an important role. The role of ste-
roids in the setting of trauma, infarction, or anoxia (i.e., 
cytotoxic edema) has proven not to be beneficial and 
even harmful, leading to septic complications and gas-
trointestinal hemorrhage [33–36]. In the setting of both 
types of edema, there is a role for mannitol, hypertonic 
saline, and in emergent cases hyperventilation. The 
latter has a limited role and should only be used as a 
temporizing measure until further medical or surgi-
cal treatment can be added to the treatment regimen. 
Mannitol can be given as an initial IV bolus of 1 g/kg 
followed by a maintenance dose of 0.5 mg/kg given 
every 4 h. Serum osmolarity and serum sodium should 
be checked every 4 h [37]. To prevent renal dysfunction, 
mannitol should be discontinued if the serum osmolar-
ity reaches 320 mOsm. More recently, 23.4% hypertonic 
saline has been used to treat acute situations. The dos-
ing is an IV bolus of 30 cc. Three percent of hypertonic 
saline can also be used as a continuous infusion with a 
goal serum sodium of 145–155 meq/L.

36.6 Infarctions

36.6.1 Arterial Infarcts

Infarctions resulting from occlusion of arterial vascu-
lar supply are most commonly associated with athero-
sclerotic disease. Arterial infarct is a rare complication 
after craniotomy but may occur if there has been sub-
stantial intraoperative manipulation of cerebral ves-
sels [7,13,38–40]. Intraoperative coagulation or ligation 
of bleeding vessels in patients without good collateral 
circulation leads to postoperative infarction. A CT scan 
performed in the immediate postoperative period may 
not show areas of infarct; however, a second CT scan 
24–48 h later will show areas of hypodensity repre-
senting infarct [41]. Clinically, the patient will usually 
exhibit focal neurological deficits. If a large area or 
bilateral areas of the brain are involved, the patient may 
experience a global decrease in level of consciousness 
and more extensive neurological deficits. If the stroke 
is detected early, and attempt to save the penumbra 
should be made by improving blood flow through col-
lateral vessels by keeping the patient euvolemic, slightly 
hypertensive, in certain situations the consideration of 
anticoagulation may be considered.

Any involvement of the arteries serving the cerebel-
lum may lead to a cerebellar infarct; thus, immediate 
neurosurgical attention is necessary. Cerebellar infarc-
tion places the patient at a high risk of obstructive 
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hydrocephalus as the cerebellar swelling continues to 
deform and occlude the fourth ventricle. In the conscious 
patient, there is an orderly progression of clinical signs 
and symptoms. Symptoms and signs related to cerebel-
lar dysfunction, such as dizziness, vertigo, nausea, vom-
iting, truncal ataxia, nystagmus, and dysarthria, appear 
first. Next, the patient may suffer from the onset of 
hydrocephalus with symptoms of headaches, agitation, 
and finally obtundation. In these situations, the patient 
may benefit from ventriculostomy placement and poten-
tial urgent decompression of the posterior fossa.

36.6.2 Venous Infarcts

Venous infarcts are generally seen after craniotomy, 
especially if the venous sinuses are involved in the sur-
gical field. Repair of dural sinus lacerations or prolonged 
compression of a sinus by an extrinsic force (i.e., retrac-
tors) places the patient at a risk of venous sinus throm-
bosis and postoperative infarction [42,43] (Figure 36.2).

In the conscious patient, thrombosis results in symp-
toms that include headache, nausea, vomiting, and sei-
zures. Cerebral venous thrombosis and/or dural sinus 
thrombosis can lead to venous infarction [44]. Venous 
infarction has a predilection to convert into a hemor-
rhagic lesion and often involves subcortical white matter 
and traverses the typical arteriovascular boundaries seen 
on CT scan. In the absence of hemorrhage, the patient 
should be kept euvolemic to hypervolemic to prevent 
further exacerbation of thrombosis in the dehydrated 
state. In certain situations, anticoagulation may be neces-
sary to prevent further propagation of clot in the venous 
sinuses and an exacerbation of the venous infarct.

The component of hemorrhage or significant mass 
effect resulting from edema may become a neurosurgical 
emergency. Evacuation of the clot may be necessary, as 
may decompressive craniectomy to reduce the increase 
of ICP in a patient whose condition is deteriorating.

36.7 Infection

36.7.1 Meningitis

Meningitis is an infection of the leptomeninges (the pia 
and the arachnoid) and thus of the subarachnoid space 
[45]. This space is continuous from the hemispheric 
convexities to the lumbosacral space. Infection of the 
subarachnoid space is typically diagnosed by a lumbar 
puncture. Infection localized to the subdural space (sub-
dural empyema) may leave the ventricular and lumbar 
fluids sterile with little more than a parameningeal reac-
tion or reactive pleocytosis. The same is true of cereb-
ritis and brain abscess, unless there is erosion into the 
ventricular system or the subarachnoid space.

Meningitis typically causes high fever, meningismus, 
positive Kernig’s and Brudzinski’s signs, headache, a 
depressed level of consciousness, seizures, syndrome 
of inappropriate antidiuretic hormone (SIADH) secre-
tion, and severe advanced cases, diabetes insipidus (DI). 
Meningitis may occur as late as 4 weeks after surgery 
because violation of the mastoid air cells in the face of 
CSF leak. After craniotomy, the patient’s preoperative 
depressed level of consciousness may persist, rendering 
the patient unable to complain of headaches; the patient 
may also be predisposed to seizures or meningeal irri-
tation as the result of blood in the subarachnoid spaces 
after the surgical procedure. Unfortunately, after crani-
otomy the patient may exhibit all of the clinical signs 
of an aseptic meningitis, including fever; therefore, the 
diagnosis may depend entirely upon examination of 
CSF and careful observation.

The manifestations of postoperative meningitis are 
often much more subtle than those of the typical pneu-
mococcal or meningococcal variety. If signs of menin-
geal irritation should occur in isolation or in association 
with any other changes, neurological or metabolic, 
examination of the CSF is mandatory before antibiotics 
are administered. Because cell count, glucose concentra-
tions, and protein concentration are abnormal after cra-
niotomy, an absolute diagnosis must await the result of 
CSF culture or the demonstration of bacteria on Gram 
stain. Empiric treatment with broad-spectrum intra-
venous antibiotics should be started while the results 
of the culture are awaited. Therapy directed at Gram-
positive cocci and Gram-negative organisms must be 
instituted. The antibiotic regimen should then be tai-
lored once the final culture results and sensitivities have 
been obtained.

36.7.2 Ventriculitis

The clinical picture of ventriculitis differs little from 
that of meningitis, although the presentation is usually 

FIGURE 36.2
Preoperative (left) and postoperative (right) axial flair MRI images 
showing venous infarction.
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much more subtle. Meningeal symptoms may be mini-
mal and fever variable, whereas alteration in mental sta-
tus and neurological function predominates. Diagnosis 
requires careful observation; the only diagnostic test is 
CSF sampling of ventricular fluid.

Both meningitis and ventriculitis tend to occur in the 
postoperative period >3 days after violation and con-
tamination of the subarachnoid or ventricular space. 
The usual postoperative effects of operative trauma and 
brain edema begin to resolve during this period. Any 
reversal in this pattern of healing should alert the clini-
cian to infection in one of these spaces. Both meningitis 
and ventriculitis may be associated with elevated ICP, 
and infection should be considered in a patient with 
increasing ICP, especially if the elevation has no clear 
or reasonable cause and if no mass effect is visible on 
CT scan. Again, selecting a treatment regimen depends 
on the results of CSF cultures and sensitivities. In the 
meantime, the intrathecal administration of antibiot-
ics may be considered so as to provide broad-spectrum 
coverage. The antibiotic can be tailored once the results 
of final cultures and sensitivities have been obtained.

36.7.3 Abscess

Brain abscess [46], or its immediate precursor, cerebritis, 
is relatively rare in the postoperative period (Figure 36.3). 
The development of meningeal signs or infected CSF in 
the face of focal deficits suggests that this process must 
be ruled out. The absence of focal deficits does not rule 
out the presence of abscess.

If an abscess does not communicate with the ventricu-
lar or subarachnoid space, meningeal signs will usually 
be absent. In up to 95% of cases of cerebral abscesses, 
the CSF may be completely normal and the patient can 
be afebrile. As is the case with meningitis and ventriculi-
tis, steroids may suppress or delay neurological change 
in the developing abscess; therefore, abscess must be 

considered when a patient’s condition worsens after 
discontinuation of steroids.

The treatment of brain abscess is the same as that of 
any other abscess: incision and drainage [46]. This pro-
cedure is also diagnostic. Needle aspiration combined 
with the administration of high-dose antibiotics will 
clear approximately 80%–85% of abscesses. The remain-
der will require craniotomy for complete cure. If infec-
tion also involves the bone flap, then reoperation, bone 
flap removal, and drainage of the abscess should be 
considered to allow maximal resolution of the infection. 
The increased use of intraventricular antibiotics in the 
past decade has provided an effective means of treat-
ing certain forms of infection, especially meningitis and 
ventriculitis caused by highly resistant Gram-positive 
and Gram-negative organisms.

36.7.4 Subdural Empyema

Subdural empyema is a specific form of abscess [47,48]. 
This entity is also marked by neurological deterioration, 
with the development of focal signs of hemiparesis, sei-
zures, or both. The seizures associated with subdural 
empyema tend to begin focally, become generalized, 
and then quickly progress to status epilepticus. These 
neurological findings are related to mass effect from 
edema. Unlike subdural hematomas, subdural empy-
emas are associated with edema that is out of propor-
tion to the volume of fluid in the subdural space.

Subdural empyema is rare after craniotomy but may 
follow burr hole drainage of chronic subdural hema-
tomas. Most subdural empyemas are associated with 
chronic sinusitis in adults or with middle ear infections 
in young children and infants.

Diagnosis by CT scan may be difficult and a high index 
of suspicion is required. However, a parafalcine subdu-
ral collection, which can be seen on CT scan, is pathog-
nomonic of subdural abscess. Inflammatory effects are 
predominant and treatment with drainage and antibi-
otics is the gold standard. The choice of antibiotic and 
dose are the same as those for meningitis, which may 
also be present. Drainage may also be accomplished by 
reoperation or burr hole drainage; some surgeons rec-
ommend placing subdural catheters for irrigation of this 
space with antibiotic solutions.

36.8 Metabolic Imbalances

36.8.1 Hyponatremia

Sodium imbalance is the most common metabolic distur-
bance experienced by a neurosurgical patient. Electrolyte 
levels should be checked daily after craniotomy until 

(a) (b)

FIGURE 36.3
Postoperative axial MRI (a) without contrast and (b) with contrast 
showing ring enhancement, consistent with cerebral abscess.
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the levels are stable. Sodium concentrations outside 
the normal physiological range lead to decreased level 
of consciousness, disorientation, seizures, and global 
encephalopathy. After craniotomy, low sodium con-
centrations may be attributable to cerebral salt wasting 
(CSW) or SIADH [49].

CSW is a condition in which an unknown mechanism, 
currently believed to be a signal for overproduction 
of atrial natriuretic protein (ANP), causes natriuresis 
or overexcretion of sodium into the urine. This con-
dition causes the body to respond to hypovolemia by 
increasing the secretion of antidiuretic hormone (ADH). 
Water is reabsorbed from the effects of ADH, whereas 
sodium continues to be excreted under the influence 
of ANP, thus resulting in a hyponatremic state. In con-
trast, SIADH causes water to be reabsorbed despite a 
euvolemic or hypervolemic state, thus also resulting in 
hyponatremia [7,10].

It is important to differentiate between the two mech-
anisms of hyponatremia because they require different 
treatments. CSW causes the urine electrolytes to show 
an inappropriately high content of sodium. The patient 
may have clinical signs and symptoms of dehydration, 
along with a high serum osmolality. Treatment of this 
condition involves a combination of fluid restriction and 
replacement of intravascular volume with a colloid solu-
tion high in sodium content, most commonly albumin. 
Replacing the intravascular volume with colloid breaks 
the viscous cycle of ADH secretion. SIADH causes a 
hypervolemic state and may produce clinical signs and 
symptoms of low serum osmolality. Urine electrolyte 
levels will show a high sodium concentration, but not 
as high as that seen with CSW. The treatment is strict 
restriction of parenterally and enterally administered 
fluids.

The use of hypertonic saline should be considered 
for cases in which hyponatremia continues to prog-
ress despite initiation of fluid restriction, the infusion 
of colloid, or cases in which the exact cause cannot be 
determined despite appropriate review of all relevant 
laboratory values. If hypertonic saline is adminis-
tered, sodium levels should be checked on a frequent 
basis. A too rapid correction of sodium levels may 
lead to the devastating complication of central pontine 
myelinolysis, especially in patients who have chronic 
hyponatremia.

Hyponatremia after craniotomy is usually temporary. 
It is important to support the patient until the physi-
ological mechanism of dealing with sodium balance 
returns to full function.

36.8.2 Hypernatremia

After craniotomy, hypernatremia frequently occurs 
with dysfunction of the hypothalamic or pituitary axis 

resulting from manipulation of these areas during 
surgery. This dysfunction results in DI, which causes 
too much water to be lost in the urine and produces a 
high serum sodium concentration as the result of inad-
equate production of ADH. Postoperatively, DI [50] may 
be diagnosed by using three criteria: (1) urine output 
of >250 cc/h for two consecutive hours, (2) an increasing 
serum sodium concentration of higher than 145 mEq/L, 
and (3) urine specific gravity below 1.005. Continued 
DI should be managed by administering a hypotonic 
saline solution delivered at a rate higher than that used 
for maintenance of intravenous fluids. The urine output 
should be replaced cubic centimeter to cubic centimeter 
hourly up to a maximum of 250 cc. A conscious patient 
should be allowed to drink water in an amount equal to 
that of the urine output.

If the DI is refractory to intravenous fluid therapy or 
the patient cannot ingest enough fluid to keep up with 
the demand, aqueous pitressin should be administered. 
A one-time subcutaneous injection of five units of aque-
ous pitressin should be administered with continued 
close monitoring of sodium concentrations and urine 
output. If the DI continues, another injection of aqueous 
pitressin may be administered. The goal is a slow, grad-
ual correction of the serum concentration. Correcting 
hypernatremia too rapidly may result in lethal brain 
edema.

After craniotomy, patients are expected to experience 
only a temporary problem with hypernatremia unless 
the pituitary stalk or posterior lobe of the pituitary gland 
has been severely damaged. Once the stunned pituitary 
recovers function, the hypernatremia is expected to 
resolve.

36.8.3 Cerebrospinal Fluid Leak

Following craniotomy, there may be significant involve-
ment of the air sinuses (primarily frontal sinus), mastoid 
air cells, and several other sites of possible CSF leak-
age. As transnasal endoscopic procedures are gaining 
popularity, these cases have a high affinity for devel-
oping CSF fistula. In these instances, if not properly 
identified and dealt with patients will be at increased 
risk of developing complications. Increased risk of 
pneumocephalus and meningitis may be encountered 
if leaking occurs. By waxing all bony edges around the 
craniotomy site, exoneration of the frontal sinus with 
packing of the nasofrontal duct, and meticulous har-
vesting of a nasoseptal flap for transnasal cases, these 
complications can be kept to a minimum. If encoun-
tered, the use of a lumbar drain or ventriculostomy as 
an outlet for CSF drainage while scarring of the leak 
site takes place will lessen overall morbidity. In certain 
instances, it may be necessary to explore the site and 
repair primarily.
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Complications and Incidence

Complication Incidence References

Intracranial hemorrhage 1.1% [1–27]
Pneumocephalus a [29,30]
Hydrocephalus a [28]
Postoperative edema a [31–37]
Arterial infarction a [7,13,38–41]
Venous infarction a [42–44]
Infection 2% [45–48]
Metabolic imbalances a [7,10,49,50]
Cerebrospinal fluid leak a —

a Due to the difficulty in studying these problems, 
there is no conclusive study regarding the inci-
dence of these complications.

Complication Avoidance
Intracranial hemorrhage

Identification and correction of coagulopathy and drug-
induced bleeding tendencies

Strict postoperative blood pressure control (SBP <140)
Pneumocephalus

Filling the operative cavity with fluid and watertight dural 
closure

Waxing of air cells and exoneration of sinus cavities in direct 
communication with the intracranial space

Hydrocephalus
Placement of a ventriculostomy prophylactically in cases with 

high likelihood of developing hydrocephalus
Limiting/removal of blood products in the ventricular system

Postoperative edema
Limit manipulation and retraction of brain parenchyma
Liberal use of steroids in the immediate perioperative period 

(1–3 days)
Arterial infarction

Careful manipulation of vessels
Preventing hypotension throughout the perioperative period

Venous infarction
Prevention of dehydration and maintenance of euvolemia 

throughout perioperative period
Gentle use of retractors and limiting amount of time 

compressing brain
Infection (i.e., meningitis, ventriculitis, abscess, subdural 
empyema)
Meticulous sterile technique
Removal of drains (i.e., ventriculostomy) as soon as is safe
Routine use of pre/postoperative prophylactic antibiotics
Postoperative wound care

Hyponatremia
No method of prevention has been found useful
Urgent identification in the postoperative period and 

adequate correction
Hypernatremia

Gentle manipulation of the hypothalamus, pituitary gland, 
and stalk

Cerebrospinal fluid leak
Watertight dural closure
Exoneration of sinuses and waxing of air cells
Appropriate use of ventriculostomy and lumbar drains in 

high-risk cases
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37.1 Historical Context

Accounts of spinal cord injury (SCI) date back over 
four millennia to the Edwin Smith Papyrus [1,2]. In the 
record of a case by Imhotep, physician to Pharaoh Zoser 
III, incontinence, paralysis, and loss of sensation were 
described. The recommendation by Imhotep that cer-
vical spine injuries were “an ailment not to be treated” 
persisted until the last half-century. Until the advent 
of modern nursing care and antibiotics, even young 
patients were quick to succumb to pneumonia, sepsis, 
and thromboembolism. Indeed, as recently as 1924, the 
British Medical Council stated “the paraplegic may live 
a few years in a state of more or less ill-health [3].”

Sir Ludwig Guttman established the Spinal Injuries 
Centre of Stoke Mandevile Hospital in 1944. This center 
was in part a response to the devastating casualties of 
World War II and focused on aggressive medical care 
for paraplegic patients. Physical therapy, occupational 
therapy, and nursing services targeted at returning 

these patients to independent living were successful in 
prolonging the life expectancy and improving the qual-
ity of life for these patients [3]. The proliferation of SCI 
centers, particularly in the Veterans Administration 
Hospitals in America, has since drastically improved 
the outlook for paraplegic and quadriplegic patients. 
Now the SCI patient has a life expectancy approximat-
ing that of normal adults.

The past half-century has seen remarkable advances 
in spinal instrumentation technology. Restoring spi-
nal stability through internal fixation has obviated 
the need for prolonged immobilization, reducing the 
risk of medical complications. The increasing safety of 
general anesthesia and improvements in microsurgical 
technique have also made possible urgent spinal cord 
decompression, and new clinical evidence is emerging 
to show that emergent surgery to relieve compressed 
neural structures may be beneficial in improving neu-
rological function. Finally, advances in neuroprotec-
tive and regenerative interventions are offering hope in 
mitigating the disastrous effects of traumatic SCI.
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37.2 Epidemiology

Traumatic SCI is a major public health problem in North 
America. Each year an estimated 11,000 new cases occur 
in the United States, but the tragedy of SCI lies in its dev-
astating effect on predominantly young healthy adults 
between 15 and 35 years of age [4]. Due to improvements 
in prehospital care and posttrauma medical and surgical 
management, survival from even severe injuries is com-
monplace. As a consequence, it is estimated that over 
250,000 SCI patients are currently alive in United States 
at a financial cost of roughly 4 billion dollars/year [3].

Motor vehicle accidents are the most common injury 
mechanism (55%) followed by occupation-related 
trauma (22%), sports injuries (18%), and assault 5% [4]. 
The majority of injuries are due to blunt trauma result-
ing in fracture, dislocation, or subluxation of the verte-
brae, although penetrating injuries from gunshots and 
stabbings do occur. Transitional regions of the spine at 
the junction where a more mobile segment meets a less 
mobile one (i.e., craniovertebral, cervicothoracic, and 
thoracolumbar regions) are the usual sites of injury.

The cervical spine is the most commonly affected 
region followed by thoracic and lumbar injuries [5]. 
Considering all spinal levels, a fracture or dislocation 
of the vertebral column carries a 14% chance of neural 
injury. However, the spinal level of involvement will 
influence the likelihood of neurological impairment: 
40% in the cervical region, 10% in the thoracic region, 
35% in the thoracolumbar area, and 3% with lumbar 
involvement (Figure 37.1).

37.3 Biomechanics of Injury

The neural and musculoskeletal components of the 
human spine are intimately associated. Thus any dis-
cussion regarding blunt traumatic SCI requires an 
understanding of the vertebral column. Motion occurs 
between the 25 distinct vertebrae, and while these 
motion segments are stereotyped, variabilities exist in 
each spinal region. Rotatory motion in the axial plane 
occurs primarily at the occipitocervical and thoracic 
regions. Flexion and extension in the sagittal plane 
occur at the cervical and lumbar levels. The orientation 
and configuration of the facet joints determine to a large 
extent the degree of mobility at each motion segment. 
The thoracic spine is also made less mobile because of 
its articulations with the rib cage.

Concepts of stability in the vertebral column are com-
plex and frequently confusing. The vertebral column 
serves to transmit loads, permit motion, and protect the 

spinal cord. Instability of the spinal column may then 
be defined as its failure to perform any of these func-
tions under physiological levels of mechanical loading. 
This failure may occur either acutely or in a progressive, 
delayed manner. In cases of traumatic SCI, the vertebral 
column acutely fails to shield the neural elements from 
external forces as a result of being stressed beyond its 
mechanical tolerances.

Numerous classification schemes have been devised 
to predict if the spine is unstable. The most common of 
these is the three-column theory introduced by Denis 
[6]. Although this was originally based upon studies of 
thoracolumbar fractures, these principles have also been 
applied to other regions of the spine. This classification 
system divides the spine into anterior, middle, and poste-
rior columns. The anterior column consists of the anterior 
half of the vertebral body, the anterior half of the interver-
tebral disk, and the anterior longitudinal ligament. The 
middle column consists of the posterior half of vertebral 
body, the posterior half of the intervertebral disk, and the 
posterior longitudinal ligament. The posterior column 
consists of the posterior arch, the facet joint complex, the 
interspinous ligament, the supraspinous ligament, and 

FIGURE 37.1
X-ray of a C2 hangman’s fracture resulting from extension and 
distraction as seen with traditional judicial hangings. The fracture 
enlarges the spinal canal. While biomechanically unstable, neuro-
logical function can be preserved.
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the ligament flavum. The diagnosis of instability is made 
if two or more of the columns are compromised.

External forces placed upon the spine include axial 
compression, distraction, flexion, extension, and trans-
lation. Axial compression in the cervical spine results 
in disruptions of the ring of C1 and burst fractures of 
the remaining vertebrae. Axial compression in the tho-
racolumbar spine typically results in burst fractures. 
When compressive forces are applied anterior to the spi-
nal column and result in a component of flexion, ante-
rior compression fractures result. Severe flexion is the 
most common injury mechanism in the cervical spine. 
This can cause odontoid fractures, teardrop fractures of 
the vertebral bodies, dislocations of the vertebral bodies, 
and jumped facets. In the thoracolumbar spine, severe 
flexion results in compression of the anterior vertebral 
body. If the fulcrum of force is anterior to the verte-
bral column, as occurs when a seat-belted passenger is 
involved in a motor vehicle accident, a flexion-distraction 
injury of the thoracolumbar junction may result.

37.4 Pathophysiology

The pathological outcome of trauma to the spinal cord is 
related to a “primary” mechanical injury at the epicenter 
of the damage. Direct crush, stretch, and shear injury to 
neurons and axons within the spinal cord lead to imme-
diate cell death. However, delayed cascades of cellular 
and molecular events known as “secondary” SCI occur 
in the hours to days after the traumatic event and lead to 
further cell death. The release of excitotoxic amino acids 
such as glutamate disturbs ionic homeostasis in neural 
tissues. The resulting increases in intracellular calcium 
ions, cellular energy failure, and accumulation of free 
radicals lead to local cell death in a delayed fashion [7,8].

Because spinal cord–injured patients frequently suf-
fer polytrauma, they are susceptible to derangements of 
systemic homeostasis. Cardiovascular and pulmonary 
compromise may affect perfusion and oxygen delivery 
to the spinal cord, exacerbating the damage and there-
fore worsening secondary SCI. Vasoactive substances 
released by injured cells and endothelin released from 
damaged capillaries may also disrupt the spinal cord 
microcirculation. Ischemia may thus cause neurological 
deficits to extend rostrally beyond the initially injured 
area [9,10]. Because cell death due to secondary injury 
and ischemia occurs after the patient has reached a 
medical treatment facility, it is hoped that early phar-
macological intervention and maintenance of adequate 
tissue perfusion can salvage these neurons.

The window of secondary injury also provides an 
opportunity for clinical intervention. Neuroprotective 

measures, minimization of additional mechanical trauma, 
and hemodynamic support can all lead to improved clini-
cal outcomes and enhance the recovery potential for the 
SCI patient.

37.5 Clinical Features

The neurological examination is of paramount impor-
tance for localizing the probable site of injury. Particular 
attention should be paid to the motor, sensory, reflex, 
and rectal examinations. Based upon the degree of 
functional impairment, the American Spinal Injury 
Association (ASIA) has proposed an easily used scoring 
system (Figure 37.2). This score, in conjunction with the 
lowest normal segmental level, defines in simple terms 
the neurological injury. In this classification scheme, 
a grade “A” denotes a complete injury, and grades “B” 
through “D” are incomplete injuries [11]. Complete 
recovery of function after an ASIA “A” injury is exceed-
ingly rare; however, improvement of one or two ASIA 
grades is seen in over 10% of patients. Recovery is most 
likely to occur in grade “D” injuries [12].

Neural compression typically results from acute dis-
placement of bone fragments, ligaments, and herniated 
disk. Delayed spinal cord compression may also develop 
from a hematoma within the spinal canal or movement 
of bone or prolapsed disk in a spine that is not prop-
erly immobilized. The characteristic clinical picture is 
of a patient presenting without neurological deficits 
or an incomplete injury who then develops complete 
paralysis, particularly after intubation or transportation. 
Deterioration can also occur in the chronic setting weeks 
to months after injury. Posttraumatic syringomyelia and 
progressive bony deformity are the most frequent etiolo-
gies. Overall, loss of neurological function when com-
pared to admission occurs in roughly 3% of patients [12].

Specific neurological syndromes have been described 
for particular partial cord injuries. The anterior cord syn-
drome is characterized by complete paralysis and hypal-
gesia (anterior and anterolateral column function) below 
the level of injury with preservation of position sense, 
vibration, and light touch (posterior column function). 
This syndrome occurs most commonly after ischemia 
in the territory supplied by the anterior spinal artery 
which supplies the corticospinal and spinothalamic 
tracts. The central cord syndrome is characterized by 
motor dysfunction more pronounced in the distal upper 
extremities accompanied by varying degrees of sen-
sory loss and bladder dysfunction. This injury occurs 
characteristically following a hyperextension injury in 
an elderly patient and can be seen in the absence of any 
clear radiographic disruption of the bones or ligaments. 
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Most patients recover the ability to walk, with partial 
restoration of upper extremity strength. The posterior 
cord syndrome is an uncommon presentation where posi-
tion and vibration are impaired due to injury to the 
dorsal columns. The Brown–Sequard syndrome, or hemi-
section cord syndrome, presents with ipsilateral paresis 
and loss of proprioception below the level of the lesion 
and contralateral loss of pain and temperature sensation. 
This can be the result of penetrating injuries or tumor 
compression and is usually not seen in a pure form. The 
conus medullaris syndrome occurs with injuries at the tho-
racolumbar junction. This syndrome has components 
of both spinal cord and nerve root injury due to the 
dense population of lower nerve roots emerging from 
the caudal end of the spinal cord. Symmetrical lower 
extremity motor impairment and anesthesia with bowel 
and bladder dysfunction are typically seen. Recovery 
from this syndrome is unlikely, unlike the cauda equina 
syndrome where partial recovery is possible with early 

decompression. Cauda equina injuries occur at spinal 
levels below the termination of the cord at L1 or L2.

Cord concussions present with fleeting neurological 
symptoms followed by rapid resolution. These injuries, 
also called “stingers,” are seen most commonly in ath-
letes with low-velocity hyperflexion or extension inju-
ries of the cervical spine. Complete recovery is the rule; 
however, patients should be evaluated meticulously for 
occult spinal instability and intraspinal hematomas.

37.6 Evaluation of Suspected Injury

The current medicolegal environment in the United 
States is intolerant of missed spinal injuries. Indeed, 
failure to detect spinal instability can cause delayed 
loss of neurological function. In the most extreme case, 

FIGURE 37.2
American Spinal Injury Association (ASIA) grading scale for SCI.
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a patient who is not paralyzed due to the traumatic event 
may become quadriplegic after inappropriate mobiliza-
tion by the medical team. Thus, it is not surprising that 
tremendous resources and efforts are directed at detect-
ing spinal injuries.

The diagnosis of a spinal column injury is based upon 
the clinical examination and radiological investigations. 
In an awake, nonintoxicated patient, the absence of pain 
along the spinal axis is useful to rule out injury. It is 
essential that radiographic evidence of spinal column 
injury be correlated with the clinical examination as 
10% of patients will have injuries at multiple spinal seg-
ments. X-ray, computed tomography (CT), and magnetic 
resonance imaging (MRI) investigations are needed in 
patients who are not able to fully cooperate with the 
neurological examination.

Radiographs are useful not only for the detection but 
also for the classification injuries. The fracture type, as 
well as the degree of cord compression, are particularly 
important aspects of the injury that will determine the 
management strategy. For the cervical spine, plain lateral 
x-rays must include the C7–T1 junction, as 31% of inju-
ries occur between C6 and T1. In large, bulky patients, 
downward traction on the shoulders, a swimmer’s view, 
or CT scan may be needed to properly visualize the cer-
vicothoracic junction. Lateral x-rays allow evaluation of 
vertebral alignment, canal diameter (normal is >12 mm 
in adults), angulation of the intervertebral space (nor-
mal is <110), interspinous gap, and the atlanto-dental 
interval (the distance between anterior margin of the 
dens and closest point on the anterior arch of C1 should 
be ≤3 mm in adults). Soft tissue swelling in the prever-
tebral space is an indirect indicator of cervical spine 
injury (maximum prevertebral space in adults at C1 is 
10 mm, C2–C4 is 5–7 mm, and C5–C7 is 22 mm).

In the thoracic and lumbar spine, anterior compres-
sion fractures and fracture dislocations are usually 
clearly visible on lateral x-rays. Splaying of the interspi-
nous ligaments is indicative of disruption of the poste-
rior tension band, comprised of the spinous processes 
and the interspinous ligament. Burst fractures may be 
difficult to detect on a lateral x-ray but are evident from 
an abnormally increased interpedicular space when 
compared to adjacent levels. CT is particularly useful 
in burst fractures for assessing the degree of canal com-
promise by retropulsed bone fragments from the verte-
bral body.

37.7 Acute Management

Care of the spinal injury patient begins in the field with 
Emergency Medical Services personnel. Attention to 

maintaining a patent airway and the management of 
shock takes precedence. The patient is immobilized 
with a rigid cervical collar and backboard for transpor-
tation to a trauma center. Intubation and helmet removal 
should be attempted only with strict attention to main-
taining neck alignment. This is particularly important 
in unresponsive patients as 3%–5% of comatose patients 
have a cervical spine injury.

In the trauma center, the priority remains the main-
tenance of tissue oxygenation and perfusion, with 
particular attention to maintaining an adequate mean 
arterial blood pressure. However, mechanical respira-
tory efforts may be minimal when the injury level is 
C5 or higher. In these patients, muscular expansion of 
the rib cage is absent and diaphragmatic breathing may 
be weakened. Thus, intubation with in-line stabilization 
using two physicians may be the only option to quickly 
establish airway control and ventilation. Caution should 
be exercised in suctioning the oropharynx as this may 
stimulate autonomic reflex arcs causing profound bra-
dycardia and even cardiac arrest.

Cervical and high thoracic injuries may result in 
neurogenic shock, which can severely complicate 
the management of a patient already in hypovole-
mic shock. Neurogenic shock results from the loss 
of sympathetic vasoregulatory tone. The clinical pic-
ture is hypotension with an associated bradycardia. 
Treatment is with mild fluid resuscitation and con-
tinuous intravenous inotropic infusions possessing 
α-adrenergic properties to increase the heart rate, car-
diac output, and vasomotor tone. Dopamine, because 
of its mixed α- and β-adrenergic effects, is a useful 
medication to treat neurogenic shock. Acutely symp-
tomatic bradycardia should be treated with intrave-
nous atropine.

Associated extraspinal injuries that are common must 
also be ruled out. Because spinal column injuries are 
typically the result of severe traumatic mechanisms, the 
incidence of cranial, thoracic, abdominal, and orthope-
dic injuries is high. Priority must be given to the most 
life-threatening injuries.

Cervical traction using either a halo frame or Gardner–
Wells tongs may be utilized to restore alignment of the 
spine and reduce neural compression. However, trac-
tion must be initiated with caution as neurological dete-
rioration can occur from overdistraction or movement 
of acutely herniated disk material [13]. Before traction 
is initiated, a full set of x-rays and an MRI scan help 
to reduce the likelihood of worsening deficits. In the 
subaxial spine, it is prudent to begin with 10 lb and 
add weight until either reduction is achieved or a total 
of 5 lb per cervical level has been used. Serial lateral 
x-rays or fluoroscopic images should be taken after each 
addition of weight to ensure that the neck has not been 
overdistracted.
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37.8  Pharmacological Therapy 
for Spinal Cord Injury

Animal models of SCI have offered the hope that dam-
age caused by secondary injury can be mitigated by early 
pharmacological intervention. Three large, randomized, 
multicenter clinical trials have investigated the utility of 
high-dose methylprednisolone for SCI [14]. These stud-
ies (NASCIS I–III) found that a bolus dose of 30 mg/kg 
followed by 5.4 mg/kg/h mildly improved the func-
tional outcome in some patients with either complete or 
incomplete injuries. If steroid is administered within 4 h 
of injury, the infusion should be continued for 24 h; if it 
is administered within 4–8 h after injury, then the infu-
sion is continued for 48 h [15]. High-dose steroids are 
not likely to be useful in penetrating SCIs, and the sys-
temic effects on polytraumatized and pediatric patients 
have not been fully assessed. Significant controversy 
surrounds the efficacy of high-dose methylpredniso-
lone administration. While there may be some benefit 
from high-dose steroids, an increase in the incidence of 
complications, such as pneumonia and skin problems, is 
well documented [16,37].

Trials of other pharmacological interventions for SCI 
are currently underway. Initial studies of GM-1 ganglio-
sides and the 21-aminosteroid tirilazad are promising, 
but the results are preliminary [17]. Opiate antagonists, 
NMDA receptor blockers, calcium channel blockers, and 
antioxidants have all shown promise in animal models 
of SCI but remain unproven in humans.

37.9 Surgical Management

Radiologically proven compression of the spinal cord 
and nerve roots mandates surgical intervention for 
decompression and stabilization in the patient with 
incomplete SCI (e.g., ASIA grades B–D). Surgery for 
patients with complete loss of neurological function 
remains controversial. Early surgical stabilization 
within the first 24 h after injury has more recently 
become popular because of the increasing safety of 
general anesthesia. Early stabilization allows for safe 
mobilization of the patient, physical and occupational 
therapy, and improved pulmonary toilet. Surgery 
for patients who have suffered severe injuries to vital 
organs surgery may have to be delayed. In these cases, 
maintenance of spinal precautions with a cervical collar 
and strict “log rolling” for nursing care should prevent 
any neurological deterioration.

Whether or not emergent surgery to decompress the 
spinal cord will improve the neurological outcome 

remains controversial [18]. To date, studies showing 
that early surgery or traction reduction of the spine 
improves neurological outcome all fall within Class III 
levels of evidence [13]. In contrast, three Class II stud-
ies have demonstrated no advantage with early sur-
gery. No definitive studies to resolve this issue have 
been performed [13]. However, recent data from pro-
spective nonrandomized studies have shown trends 
for neurological improvement [19]. This strategy is 
logical as a subset of patients will likely benefit from 
removal of local compression in a timely manner. 
In the cervical spine, urgent surgery is typically not 
problematic. Emergency surgery for thoracolumbar 
fractures can prove more problematic as anterior com-
pression is often best treated through a thoracotomy 
approach, making surgical decompression more mor-
bid. Thoracolumbar injuries are also associated with a 
higher rate of hollow viscous, pulmonary, and cardio-
vascular injuries.

Another recent advance has been the development 
of criteria to help the clinician determine the need for 
surgery. While patients with neurological deficits will 
typically be candidates for surgery (to decompress the 
neural elements and stabilize the vertebral column), sur-
gical management of many thoracolumbar fractures are 
controversial. A recently developed classification sys-
tem for thoracolumbar injures has been developed in an 
effort to guide the need for surgical management due to 
skeletal instability (Figure 37.3) [20].

37.10 Prevention of Complications

37.10.1 Cutaneous and Musculoskeletal

Pressure ulcers occur in 25%–30% of SCI patients [21]. 
Because of transport on hard backboards, prolonged 
immobilization, and loss of cutaneous sensation, these 
patients are at extremely high risk for developing skin 
breakdown. The most common sites of involvement are 
the sacrum, heels, ischium, and occiput (Figure 37.4).

Prevention of pressure ulcers begins in the emer-
gency room. During the secondary trauma survey, all 
of the patient’s clothes should be removed to inspect 
the body for bruising and abrasion. The patient should 
be removed from the backboard as soon as possible as 
pressure necrosis of the skin can occur in as little as 1 h 
on hard surfaces. In the acute care setting, the patient 
should be turned in a “log-roll” fashion every 2 h until 
the spine is either proven to be stable or stabilized surgi-
cally. An alternative to this is the use of an electrically 
driven kinetic bed such as the Roto-Rest (Midmark 
Corporation, Versailles, Ohio) [22].
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The best treatment for pressure and decubitus ulcers 
remains prevention and early detection. Stage I lesions 
can be managed with aggressive mobilization and 
adhesive barrier dressings. However, once the dermis 
has been compromised daily sterile dressing changes 
may be needed for wound debridement. Deeper lesions 
may require debridement and skin grafting or rotational 
flaps in the operating room. Proper management of even 
mild lesions will prevent devastating late sequelae such 
as sepsis from infected ulcers.

In the subacute and chronic setting, muscle denerva-
tion leads to atrophy, spasticity, and contracture forma-
tion. Passive range of motioning and splinting forestall 
the formation of deformities and contracture. Etidronate 
sodium and increasing mobility may reduce heterotopic 
ossifications [23].

37.10.2 Thromboembolism

Paralyzed patients are at high risk of developing deep 
venous thrombosis and pulmonary embolism. The 
incidence of lower extremity venous thrombosis is as 
high as 79% if fibrinogen scanning, impedance pleth-
ysmography, and venography are utilized [24,25]. 
Pulmonary embolism occurs in 2%–3% of patients and 
is responsible for roughly 10% of all deaths after spinal 
cord trauma [5]. This risk of thromboembolism peaks 
2–3 weeks after injury.

The early use of pneumatic compression devices and 
subcutaneous heparin can reduce the risk of thrombo-
embolism [26]. In the absence of any medical or surgical 
contraindication to anticoagulation, 5000 units of sub-
cutaneous heparin should be administered twice a day 
starting within the first 2 days of injury. Low-molecular-
weight heparins can also be used for anticoagulation 
and are associated with a low incidence of hemorrhagic 
side effects [27].

37.10.3  Genitourinary and Lower 
Gastrointestinal Complications

The aim of bladder management is to preserve renal func-
tion and prevent urinary tract infections. Immediately 
after a complete SCI, the bladder is acontractile. 
Indwelling catheterization will allow bladder drainage 
and measurements of fluid balance. Intermittent cathe-
terization every 4–6 h should commence as soon as pos-
sible under strict aseptic technique, and in paraplegic 
patients self-catheterization can be taught as soon as the 
patient is able to sit up.

FIGURE 37.4
Typical decubitus ulcer refractory to a previous local musculocu-
taneous flap. The sore results from chronic local compression and 
ischemia in a patient lacking the protective sensation that would be 
present in a neurologically intact patient.

FIGURE 37.3
Burst fracture of the T12 vertebra after a 20 ft fall resulting in com-
plete loss of neurological function (grade A injury). Sagittal MRI 
showing compression of the spinal cord by bone fragments.
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Urinary tract infections are common and should 
be treated aggressively to prevent urosepsis. Urea-
splitting bacteria such as Proteus are associated with 
high incidence of renal calculus formation and should 
be vigorously treated. Renal calculi are found in ∼1% of 
patients [21].

Following severe spinal injury, rectal tone is flaccid. 
Constipation can easily occur unless manual evacu-
ation is carried out on a regular basis. The judicious 
use of rectal suppositories stimulates bowel empty-
ing, and regular doses of stool softener should also 
be used.

37.10.4 Upper Gastrointestinal Complications

Posttraumatic ileus is common in this patient popula-
tion and a nasogastric tube should be placed to suction 
drainage in the emergency room. This will help prevent 
the aspiration of any regurgitated stomach contents 
and minimizes the distension from ileus. Nutritional 
support is critical after trauma. The caloric require-
ment in SCI is roughly 150% of basal levels, and special 
attention must also be directed at meeting increased 
protein requirements. Proper nutritional support pre-
vents catabolism, supplements wound healing, and 
maximizes immune protection [28]. Parenteral nutri-
tion is appropriate until the ileus resolves, but tube 
feeding should begin as early as possible. Even low 
rates of enteral feeding may reduce the risk of sepsis 
through enterocyte nutrition.

Peptic ulceration is common in SCI patients, and this 
risk is increased with the use of high-dose methylpred-
nisolone. Gastrointestinal hemorrhage is less common 
and occurs in 3% of patients [21]. H2 blockers, proton 
pump inhibitors, and sucralfate appear to be similarly 
effective in reducing the risk of gastrointestinal hemor-
rhage. Pancreatitis and acalculous cholecystitis can also 
occur, especially if parenteral nutrition is utilized for 
prolonged periods of time. These disorders can be diag-
nosed by elevated amylase and bilirubin levels, respec-
tively. Early recognition of these disorders lies upon a 
heightened level of suspicion.

37.10.5 Pulmonary Complications

Respiratory diseases account for 28% of deaths and are 
the leading cause of mortality in the first year following 
SCI [5]. Spinal injury patients are at high risk for pul-
monary infection for a number of reasons. Prolonged 
mechanical ventilation, poor pulmonary toilet, an 
inability to clear upper airway secretions, poor respira-
tory capacity, nosocomial exposure, weakened immune 
responses, and any accompanying chest trauma all 
increase the risk of pneumonia. The judicious use of 

aggressive suctioning, chest physiotherapy, bronchodi-
lators, positive pressure ventilation, and bronchoscopic 
airway clearance helps prevent infection. Severe atelec-
tasis can also cause respiratory distress in the absence 
of infection.

The risk of pulmonary complications clearly increases 
with higher-level injuries. For patients with injuries at 
C1–C4, tracheostomy and prolonged mechanical venti-
lation will probably be required. However, in patients 
with lower-level injuries, successful weaning from 
mechanical ventilation without tracheostomy should be 
aggressively pursued.

37.11 Spinal Cord Injury in Children

By adolescence the spine is well developed and the pat-
terns of injury resemble those of adults. Perhaps because 
of the increased mobility of the developing spine, pedi-
atric SCIs are rare [29]. However, because of the greater 
proportional mass of the head children are more sus-
ceptible to atlanto-occipital injuries. The hypermobility 
of the pediatric spine also accounts for cases of SCI with-
out radiographic abnormality (SCIWORA). SCIWORA 
represents 15%–20% of all pediatric SCIs [30].

The principles in managing pediatric SCIs are similar 
to adults. However, because children cannot cooperate 
fully with the physical examination, it is important to 
recognize subtle physical and radiological signs, and an 
increased reliance must often be placed on radiographic 
studies. Many of the standard measurements used to 
evaluate cervical x-rays need to be adjusted for the pedi-
atric spine.

In young children, the increased relative size of the 
head compared to body will result in neck flexion when 
placed on a rigid backboard. This malalignment can 
accentuate deformity in cervical spine and should be 
avoided. Equipment tailored for pediatric spine immo-
bilization should be used whenever possible. Unlike 
adults, the majority of these injuries can be treated non-
surgically with bracing [31].

37.12 Future Advances

Future advances in the science of SCI will provide this 
population of patients with the hope of an improved 
quality of life. The past decade has already seen an 
explosion of knowledge about the mechanisms that 
underlie primary and secondary SCI. Numerous drugs 
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have shown promise in limiting nerve cell death from 
secondary injury in the laboratory setting. A random-
ized trial of the orally administered drug riluzole, a 
sodium channel blocker showing promise as a neu-
roprotectant, began in 2010 [32]. A starting dose of 
50 mg by mouth given within 12 h of injury is contin-
ued every 12 h for 14 days and is intended to reduce 
secondary neuronal injury. The results of the study 
should be available in 2013.

At our institution, we have been utilizing moderate 
intravascular hypothermia as a neuroprotectant. SCI 
patients with a complete injury (AIS Grade A) who 
present within 6 h without exclusionary criteria are 
cooled to 33°C for 48 h [33,34]. Pilot data from the first 
35 patients treated in this manner revealed complica-
tion rates similar to historical cohorts. There were no 
cases of neurological worsening, and at 1 year follow-
up 15 of 35 patients (42.8%) had converted from AIS 
A to an incomplete SCI (Figure 37.2). This compares 
favorably to historical series of SCI. Conversion rates 
from a complete to incomplete injury in previous stud-
ies have been lower (Sygen® Trial = 12.5% [797 patients] 
[35], MSCIS = 16% [2025 patients] [12], and the 
European Multicenter Study of Human SCI = 26.1% 
[273 patients] [36]).

Advances will also come from other related fields 
of medicine. The specialty of intensive care medicine 
continues to make strides in preventing and treating 
the complications of prolonged hospitalization. SCI 
patients will no doubt benefit from decreased risks of 
pneumonia, infection, wound breakdown, and throm-
boembolism. Improvements in imaging science will 
enable treating physicians to detect instability quickly 
and reliably. Rehabilitation of the SCI patient will inte-
grate robotic technology that will give the plegic patient 
increased mobility.

The holy grail of SCI is neural restoration. Whether 
through the transplantation of stem cells, molecular 
manipulation using transfection techniques, or modu-
lation of the local cytokine milieu, the hope is to restore 
function to cells and axons that have already been 
destroyed. Because reinnervation of the spinal cord is 
the only way to restore neurological function, research 
in this area remains a primary goal of a number of labo-
ratories throughout the world. At our institution, there 
is currently an FDA-approved pilot study of autologous 
Schwann cell transplantation in SCI.

Despite all of the advances forthcoming in the field 
of SCI, prevention of injury remains a top priority. 
Programs such as the Think First initiative in Florida 
have already dramatically reduced the incidence of 
diving-related cervical spine injuries. Physicians, who 
are most acutely aware of the devastating consequence 
of SCI, must assume a key role in educating the public 
on how to avoid these catastrophic injuries.

Complications in Spinal Cord Injury

Complications
Incidence 

(%) References Comments

Pneumonia 40–70 [38]
Deep venous 
thrombosis

1.9 [39]

Pulmonary 
embolism

2–4 [38]

Decubitus 
ulcers

10–20 [40] For stage II ulcer

Neurological 
worsening

2–10 [10]

Urinary tract 
infection

5–20 [41] In the acute setting, 
cumulative incidence 
is much higher

Death 5–50 [42] Dependent on age, 
other injuries, and 
degree of neurological 
impairment

How to Avoid Complications in SCI

Complications Method of Avoidance

Pneumonia • Frequent suctioning
• Aggressive pulmonary toilet
• Incentive spirometry
• Minimization of time on mechanical 

ventilation
• Rapid mobilization

Deep venous 
thrombosis and 
pulmonary embolism

• Mechanical thrombosis prophylaxis
• Prophylactic anticoagulants
• Early detection with close clinical 

monitoring
Decubitus ulcers • Early mobilization

• Minimizing time on hard backboards
• Use of specialized mattresses to 

redistribute dependent skin pressure
• Log rolling every 2 h
• Monitoring and early treatment for 

early-stage ulcers
Neurological 
worsening

• Proper neural decompression and 
stabilization with halo traction and 
surgery

• Maintenance of mean arterial blood 
pressure ≥85 mm Hg

Urinary tract infection • Early transition to intermittent 
catheterization

• Use of sterile technique for 
catheterization
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Because of its proximity to tendons, bones, and neurovascu-
lar structures, the peripheral nervous system is vulnerable to 
injury due to trauma or to complications of surgical proce-
dures. Prevention or early recognition of these nerve injuries 
is vital for optimal outcome. Unfortunately, many patients 
with nerve injuries experience only limited recovery, even 
when the injuries are promptly diagnosed and treated.

Most injuries to major peripheral nerves result from 
trauma. The prevalence of major peripheral nerve injuries 
among trauma patients at one institution was 2.8%, and 
54% of these patients required surgery for these injuries [1]. 
However, iatrogenic injuries also account for a substantial 
number of nerve injuries. A study of a series of 2000 major 
nerve injuries at two hospitals found that 10% of the injuries 
were the result of medical treatment [2].

38.1 Diagnosis of Nerve Injuries

Nerve injuries can be diagnosed by an adequate neuro-
logical examination. Because nerve damage is possible 
among patients with fractures, lacerations, and other 
forms of trauma, a neurological examination of the 

extremity should be performed as soon as possible after 
the injury. Simple soft-tissue lacerations are frequently 
repaired without neurological examination, and in such 
cases, a nerve injury may not be detected. Missing an 
injury may result in a delay in treatment and may some-
times preclude the possibility of primary repair because 
the nerve ends retract. Long delays adversely affect the 
outcome of nerve injuries.

Detailed neurological examinations are often impracti-
cal for patients with multiple traumatic or life-threatening 
injuries. An attempt should be made to examine at least 
the distal sensation and motor function of the extremi-
ties. Assessing distal function is a quick way to determine 
whether an injury to the nerve has occurred. Physicians 
at all levels of training should be familiar with and adept 
at performing these examinations. In the upper extrem-
ity, the median, radial, and ulnar nerves can be evaluated 
quickly and simply. Motor function of all three nerves 
can be tested by asking the patient to extend the thumb 
(“hitch-hiking” or “thumbs-up” maneuver), which tests 
the radial nerve, to separate the index and long fingers 
(the “peace sign”), which tests the ulnar nerve, and to 
touch the tip of the thumb with the tip of the small finger, 
which tests the median nerve. Sensation can be tested 
at three autonomous sensory areas: the tip of the index 
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finger (median), the tip of the small finger (ulnar), and the 
dorsal web space between the thumb and index fingers 
(radial). The two-point discrimination can be assessed at 
these areas using both the static and moving maneuvers. 
For the lower extremity, flexing and extending the great 
toe tests the motor component of the terminal portions 
of the tibial and peroneal nerves. Sensory innervation by 
these nerves can be assessed on the plantar surface and 
in the first web space of the foot, respectively.

When patients have signs of nerve injury due to pen-
etrating trauma, immediate exploration and repair are 
indicated. Repairing nerve injuries shortly after they 
occur has been shown to improve outcome [3]. When 
patients are believed to have a nerve injury as the result 
of closed trauma, electromyography (EMG) should be 
performed if complete recovery has not occurred after 
3–4 weeks. Such testing will help to confirm the diagno-
sis, localize the lesion, and provide a baseline for moni-
toring recovery. EMG should be repeated 3 months later 
if recovery is not yet complete. By this time, reinnerva-
tion can often be detected. If EMG shows no recovery of 
the nerve, surgery for neurolysis or excision of the dam-
aged nerve with repair or grafting should be considered.

38.2 Anatomy

Knowledge of the general anatomy of peripheral nerves 
is important for understanding of nerve injuries and 
their potential for regeneration. The epineurium is the 
connective tissue that forms the outer layer of the nerve 
and runs around and between the nerve fascicles. It 
forms a dense layer around the periphery of the nerve 
to protect and support the fascicles. The perineurium 
is the connective tissue layer that surrounds each fas-
cicle and gives the nerve most of its tensile strength. 
The endoneurium is the loose connective tissue within 
the fascicle. Each fascicle contains numerous axons sur-
rounded by Schwann cells and their myelin sheath.

The primary vascular supply to each nerve runs longi-
tudinally in the epineurium. These vessels interconnect 
with the vessels of the perineurium and endoneurium, 
forming a rich anastomotic plexus.

38.3 Classification of Nerve Injuries

Sunderland developed the most commonly used system 
for classifying nerve injuries [3]. This system describes 
lesions that fall into “pure” categories, in which all 
parts of the nerve undergo the same level of injury; 

unfortunately, most nerve injuries fall into a mixed 
category. Nevertheless, the system works fairly well in 
explaining why lesions differ in regeneration potential.

According to the Sunderland classification, a type 1 
injury, also called neuropraxia, is characterized by local 
myelin damage; the axons remain in continuity. These 
lesions are usually caused by nerve compression. 
Because the axons remain in continuity, complete recov-
ery occurs, although it may take weeks to months.

In Sunderland type 2 (axonotmesis) injuries, the axons 
are physiologically disrupted, but all of the supporting 
tissues are intact. Because these tissues remain intact, 
the axons are guided along their normal course and 
full recovery can be expected. When the axons are dis-
rupted, the distal ends undergo degeneration and the 
axon must regrow toward its target. Recovery from such 
lesions often takes many months, and the time taken for 
recovery depends on the level of the injury.

Because each additional connective tissue layer is 
damaged, the Sunderland grade goes up. For exam-
ple, in Sunderland type 3 injuries, the axons and the 
endoneurium are disrupted but the perineurium and 
epineurium remain intact. When the endoneurium is 
damaged, axonal regeneration is blocked by intrafas-
cicular fibrosis and recovery is incomplete.

In Sunderland type 4 injuries, only the epineurium 
is intact. Increased damage within the nerve leads to 
increased scarring. Very little useful recovery can be 
expected and surgical excision with repair or grafting 
is required. Complete disruption of the nerve is a type 5 
injury (neurotmesis), from which spontaneous recovery 
is rarely seen.

More recently, a sixth injury category was added that 
included these mixed injury types and has been catego-
rized as neuroma in situ. This type of injury is impor-
tant to consider in that more than one type of injury 
may be present in the course of the nerve. Some areas 
may improve over time particularly type 1 through 3 
segments. However, attempts to repair areas blocked by 
type 4 injuries may cause inadvertent damage to less 
damaged areas of neuropraxia and axonotmesis that 
may recover with time [3,4].

38.4 Complications of Nerve Repair

Most nerve injuries leave nerves in gross continuity. The 
most common causes of such injuries are compression, 
blunt trauma, and traction. The main problem in treating 
these injuries is deciding when to intervene operatively. 
When nerve injuries fail to resolve within 3 months, 
disruption of the axons has most likely occurred. With 
proximal nerve injuries, clinical recovery of even lower 
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grade injuries may not be evident for up to 3 months 
because of the distance of axons from the distal target. 
EMG is useful in these situations to confirm whether 
recovery is occurring. Four main factors have consis-
tently been shown to adversely affect the results of nerve 
repair: gaps greater than 5 cm between axons, delay of 
repair for >3 months, the patient’s age being >20 years, 
and blunt (as opposed to penetrating) injury [5].

After nerve transection or resection of a nerve lesion 
in continuity, the nerve must be sutured; the surgeon 
whose task is to repair injured nerves may encounter a 
number of pitfalls. These problems may include failure 
to recognize the extent of the nerve injury, excessive ten-
sion on the repair, failure of sutures, malalignment of the 
repair, and suture of the nerve to a nonneural structure.

One of the most common problems associated with 
nerve repair is failing to recognize the extent of injury to 
the nerve and attempting to repair unhealthy nerve ends. 
Unless a patient has sharp lacerations in the acute set-
ting, it is often difficult to assess the full extent of nerve 
injury. When nerve injuries result from blunt force or 
gunshot wounds, the architecture of the internal nerve 
is often disrupted beyond the obvious severed ends of 
the nerve. Intraneural scarring increases and leads to 
poor axonal regeneration. When a nerve lesion in con-
tinuity is resected, the same problems can be encoun-
tered and a neuroma can form. A longer nerve graft is 
more likely to succeed than a shorter graft between two 
scarred nerve ends. Therefore, it is of the utmost neces-
sity to assure that the ends of the nerves being repaired 
are healthy. This means debriding them back outside 
the zone of injury. This may mean that grafting may 
be needed rather than primary repair. Hints that viable 
nerve has been reached may include the finding of bulg-
ing fascicles and abrupt tachycardia when the nerve is 
cut under lightened anesthesia [3].

Nerve repair may also fail if there is too much tension 
on the repair site. Tension can cause gaps that may fill in 
with scar tissue, thereby blocking axonal regeneration. 
Even in the absence of gapping, excess tension at the 
repair site can impede nerve healing by reducing intra-
neural circulation. When the nerve length is increased by 
15%, the blood flow to the nerve decreases by ∼80%, with 
little recovery over time [6]. When a gap exists between 
the nerve ends, some mobilization of the nerve ends can 
help reduce tension, but excessive dissection may further 
strip the nerve of blood supply. If the gap is too large, a 
nerve graft should be performed. However, in most situ-
ations, a repair under modest tension is more likely to 
recover than is a nerve graft [7]. It is of course important 
to passively range the area over which the repair or graft 
spans prior to closure in order to assure that motion will 
not cause undue tension that may cause the repair to fail.

With lesions in continuity, the decision to perform 
neurolysis or excision with repair, grafting, or both 

may be a difficult one. Sparing of intact or regenerat-
ing portions of the nerve is ideal but is often techni-
cally demanding. A nerve stimulator may be of help, 
but relatively spared portions of the nerve may still be 
resected [8].

Other problems associated with nerve grafting are 
poor harvesting technique, graft-size mismatch, graft 
tension, graft necrosis, and failure to recognize multi-
level nerve injury.

Alternatives to nerve grafting include the use of nerve 
conduits, distal nerve transfers, or tendon transfers. 
Each procedure is associated with its own risks and ben-
efits. Nerve conduits may be biological or synthesized 
in that they may consist of vein grafts or commercially 
available materials. In general, the use of nerve con-
duits should only be used for noncritical sensory nerve 
repairs in that they are not as effective as autogenous 
nerve grafts. The benefit of nerve conduits is that they 
are readily available and require no harvest procedure 
with their attendant morbidity [3].

Nerve transfers may be of benefit in the setting of 
proximal nerve injury such as a brachial plexus injury 
where the distance to the end organ precludes nerve 
grafting. In this situation, the nerves to functioning 
redundant muscles may be transferred to denervated 
muscle or nerve distal to the zone of injury. The ben-
efit of this strategy is that function may be restored in 
a more timely fashion than with nerve grafting, the 
dissection and reapproximation of the involved nerves 
take place outside of the zone of injury, and the involved 
nerves may be easier to reapproximate primarily with-
out the use of nerve grafting [3,4].

It is also important to remember the great many 
adjunctive treatment options that may be beneficial 
regardless of whether or not operative repair is to be 
undertaken. These of course include a multitude of med-
ications including antidepressants such as amitriptyline, 
anti-inflammatory medications, gabapentin, sympatho-
lytics such as clonidine, and anticonvulsants. Additional 
procedures such as sympathetic blocks and stimulator 
implants may also be beneficial in patients with complex 
regional pain syndromes. Neuroma excision may be a 
palliative step even in the absence of repair. And physi-
cal and occupational therapy is important in regaining 
function not only in the postoperative patient, but also 
in the patient who is not a candidate for repair [3].

38.5 Injuries Associated with Nerve Injuries

Because of the proximity of nerves to bones and 
blood vessels, nerve trauma often accompanies inju-
ries to these structures; therefore, patients with such 



418 Complications in Surgery and Trauma

© 2008 Taylor & Francis Group, LLC

injuries should always be evaluated for nerve injuries. 
Depending on the regional anatomy, each fracture or 
dislocation is associated with a unique pattern of poten-
tial nerve injuries. Shoulder girdle injuries are often 
associated with brachial plexus lesions. Patients with 
shoulder dislocations should be evaluated for axillary 
nerve injuries because of the high incidence of traumatic 
dysfunction [9].

Approximately 10% of humeral shaft fractures are 
associated with injury to the radial nerve in the spiral 
groove [10]. Elbow injuries, especially dislocations and 
displaced fractures of the distal humerus, frequently 
involve the ulnar nerve, the median nerve, or both [11]. 
Wrist fractures can be accompanied by injuries to the 
median nerve; acute carpal tunnel syndrome occurs in 
as many as 17% of patients with such injuries [12]. Ten 
percent of fractures or dislocations of the hip are accom-
panied by nerve injuries, usually to the peroneal branch 
of the sciatic nerve [13]. Knee dislocations and fractures 
of the fibular head can injure the peroneal nerve. Open 
fractures and high-energy fractures are more likely 
than other injuries to be associated with nerve damage. 
The callus of a healing fracture can also entrap or com-
press nerves; such compression can cause progressive 
gradual loss of function.

Soft-tissue swelling resulting from fractures can cause 
nerves to be secondarily entrapped in fixed positions. 
The ulnar nerve can be compressed in the cubital tunnel; 
this nerve should be transposed during surgical proce-
dures for most severe fractures of the distal humerus or 
proximal ulna. Acute carpal tunnel syndrome or com-
pression of the ulnar nerve in Guyon’s canal at the wrist 
can occur after wrist fractures, even when there has 
been no direct trauma to the nerve; division of the trans-
verse carpal ligament should be strongly considered.

Vascular injuries are also common in association 
with nerve trauma. One published study found that 
40% of patients with traumatic vascular injuries also 
had nerve damage [14]. Vessel injuries are often associ-
ated with aneurysms, arteriovenous fistulae, and bleed-
ing, all of which can lead to nerve compression. Injury 
to the axillary artery or the subclavian artery may result 
in aneurysms that can compress the brachial plexus. 
Hematoma formation in a confined space can cause pro-
gressive neurological deterioration even without direct 
neural injury.

Patients with traumatic brain injuries have been 
found to have a 10%–34% incidence of peripheral nerve 
injuries [15]. Because the patients often do not complain 
of problems associated with the nerve injury, physicians 
caring for them should have a high index of suspicion 
for nerve lesions. Thorough neurological examination 
with EMG can be helpful in diagnosing these injuries. 
As many as 10% of patients with traumatic brain inju-
ries will also have brachial plexus lesions [15]. Thus, in 

addition to brain injury, patients with brachial plexus 
palsy may also have injuries to the cervical spine, clavi-
cle, scapula, or proximal humerus.

Compartment syndrome of the extremity is another 
important cause of neurological loss, even without 
intrinsic nerve injury. Acute compartment syndrome 
can be caused by a number of different conditions that 
affect local blood flow, such as fractures, shock, crush 
injuries, tight dressings, vascular injuries, severe swell-
ing, or bleeding into a compartment. The local blood 
flow to the tissues is diminished by a decrease in arte-
rial inflow pressure, an increase in venous pressure, or a 
combination of both. Pain with passive stretch and pain 
out of proportion to the patient’s injury are the most 
important clinical findings in the conscious patient 
with suspected compartment syndrome. Splitting of 
casts or other circumferential dressings down to the 
skin has been shown to significantly decrease compart-
ment pressure [16]. Circumferential casts should not be 
used for obtunded patients because the conditions of 
these patients cannot be reliably monitored. The diag-
nosis can be confirmed by measuring compartmen-
tal pressures with intravenous tubing attached to an 
arterial line transducer, a handheld pressure monitor, 
or another technique. When intracompartmental pres-
sures are higher than 30 mm Hg, decompressive fasci-
otomy is indicated. Prompt recognition of compartment 
syndrome is essential because permanent damage may 
occur after no more than 3–4 h, and certainly after 6–8 h, 
of prolonged muscle ischemia [17].

Volkmann’s ischemic contracture occurs when an 
acute compartment syndrome is left untreated. Nerve 
dysfunction occurs for two main reasons. The initial 
nerve problem results from nerve ischemia. Later, 
the nerves are entrapped by tight, constricting bands 
of fibrotic muscle that had been injured by ischemia 
in the initial phase of the compartment syndrome. 
Volkmann’s contracture can be devastating, with loss 
of function of the muscles, joint contractures, and 
diminished sensation. In general, this problem can be 
avoided by prompt diagnosis and treatment of com-
partment syndromes [18].

38.6  Injuries to Nerves from Operations 
or Other Medical Procedures

As stated previously, as many as 10% of nerve injuries 
are iatrogenic. Although most of these injuries will 
resolve spontaneously, deficits will occasionally linger 
and may require surgery. Every effort should be made 
to prevent potentially avoidable lesions and to mini-
mize complications when a nerve injury has occurred.
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38.6.1 Lower Cranial Nerves and Cervical Nerves

The vagus nerve and its branches are susceptible to 
injury when neck surgery is performed; these injuries 
are most often associated with carotid endarterectomy 
(CEA) or cardiac surgery. The reported incidence of 
nerve injury is ∼1% for primary CEA and as high as 12% 
for repeat CEA [19]. After coronary artery bypass graft-
ing (CABG), vocal cord dysfunction is seen in 1.9%–
7.8% of patients [20]. Injury to the vagus nerve or its 
branches may cause hoarseness or dysphagia and can 
lead to aspiration. Diagnosis is made by laryngoscopy. 
More than 90% of these injuries will resolve with time, 
although some patients will require treatments such as 
Teflon injection into the vocal cords to obtain a satisfac-
tory result [21].

The hypoglossal nerve can also be damaged dur-
ing surgery to the neck; damage to this nerve has 
been reported with CEA and with anterior cervical 
spine surgery [19]. Most of these lesions will resolve 
spontaneously.

The spinal accessory nerve is the sole motor inner-
vation of the trapezius muscle. Damage to this nerve 
causes weakness of the trapezius, drooping of the shoul-
der, and even winging of the scapula. Spinal accessory 
nerve palsies are not common, but ∼10% of these injuries 
are accounted for by iatrogenic injury [22]. The nerve is 
most susceptible to injury in the posterior triangle of 
the neck, where it lies in a superficial position. Injury 
can be caused by a wide variety of surgical procedures, 
including radical neck dissection, lymph node biopsy, 
and CEA, and can also result from irradiation or even 
from prolonged use of a sling [23]. Occasionally, the spi-
nal accessory nerve is deliberately cut and used in nerve 
transfer to treat severe brachial plexus injuries. Patients 
who experience complete nerve palsies after surgery or 
penetrating trauma should be treated with neurolysis, 
nerve repair, or grafting.

The phrenic nerve arises from the third, fourth, and 
fifth cervical nerve roots, travels through the neck and 
chest, and innervates the diaphragm. The nerve may 
be injured at any level along its course, but intratho-
racic lesions are most common. The left phrenic nerve 
is more frequently affected because of its close asso-
ciation with the pericardium. Cases of bilateral dam-
age are rare. Although any thoracic surgical procedure 
may damage the phrenic nerve, injuries are most 
common after open heart surgery. Two mechanisms 
by which the nerve can be damaged may play a role 
alone or in combination: topical myocardial cooling 
and phrenic ischemia after dissection of the internal 
mammary artery (IMA). Topical hypothermia is rou-
tine during cardiac surgery, and because of the prox-
imity of the phrenic nerve to myocardial tissue, the 
nerve also undergoes substantial cooling. The other 

proposed mechanism of injury to the phrenic nerve 
is damage to the nerve’s vascular supply during IMA 
dissection; ligation of the pericardiophrenic artery 
may potentiate the effects of hypothermic damage. 
There is no gold standard for the diagnosis of phrenic 
nerve dysfunction. The most commonly used tests at 
present are phrenic nerve conduction studies, fluoros-
copy, and ultrasonography [24]. Symptoms may range 
from none to difficulty in weaning from mechanical 
ventilation and may vary according to the patient’s 
underlying pulmonary function. Most phrenic nerve 
injuries resolve within 3–6 months. Pediatric patients 
do not recover as well from phrenic nerve paralysis 
as do adult patients, and they are also more likely 
to experience difficulty in weaning from mechani-
cal ventilation [24]. When the effects of phrenic nerve 
dysfunction are severe, treatment with diaphragmatic 
plication is sometimes performed.

The long thoracic nerve provides the only innerva-
tion of the serratus anterior muscle; damage to this 
nerve leads to winging of the scapula. Exploration 
with early neurolysis, repair, or grafting should be 
considered for patients with iatrogenic injuries or 
penetrating trauma, but few published studies have 
documented the results of this treatment [25]. Patients 
with persistent winging of the scapula after prolonged 
conservative treatment or failure of surgery may be 
candidates for transfer of the sternal portion of the pec-
toralis major to the scapula [25].

38.6.2 Brachial Plexus and Shoulder Level

Brachial plexus injuries are among the most common 
iatrogenic injuries to the peripheral nervous system. 
Postoperative brachial plexopathy is associated with 
median sternotomy, transaxillary first-rib resection, 
radical mastectomy, surgery for shoulder instability, 
shoulder arthroscopy, injuries from regional anesthesia, 
and poor positioning [24,26]. The brachial plexus may 
also be injured by irradiation, usually after surgery for 
breast cancer.

The incidence of postoperative brachial plexus palsy 
in association with open heart surgery ranges from 
2.7% to 10% [27]. Key factors associated with brachial 
plexopathy after median sternotomy are sternal retrac-
tion and IMA dissection. With sternal retraction, the 
first rib rotates superiorly and the clavicle pushes 
into the retroclavicular space, thereby stretching the 
brachial plexus. Fracture of the posterior first rib by 
sternal retraction can cause direct injury to the plexus; 
neurological complaints are associated with the frac-
ture site of the first rib. Vander Salm et al. found 
that a more caudal placement of the sternal retractor 
decreased the incidence of first-rib fracture, and they 
also recommended that the retractor be opened as little 
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as possible to decrease the likelihood of rib fractures 
[28]. Brachial plexus lesions have also been associated 
with dissection of the IMA for use as a graft. In a pro-
spective study of 1000 patients, Vahl et al. found that 
the incidence of neuropathies was 1% for patients who 
had not received IMA grafts but 10.6% for those who 
had received IMA grafts [27]. It is believed that these 
lesions are caused by the asymmetric sternal retraction 
required for harvesting the graft.

The only patient characteristic associated with 
increased risk of postoperative brachial plexopathy is 
advanced age [28]. Other characteristics such as diabetes 
mellitus, sex, height, weight, and smoking status are not 
significant risk factors [29].

The lower roots of the brachial plexus (C8–T1) are 
most commonly affected by plexopathies after sternot-
omy. Patients typically exhibit symptoms in the distri-
bution of the ulnar nerve. Ulnar nerve dysfunction at 
the elbow can coexist with brachial plexopathies; this 
dysfunction may be a preexisting but subclinical condi-
tion or may be related to positioning during surgery [30]. 
Thorough physical examination can often help to deter-
mine whether a lesion exists and its severity because the 
muscles innervated by the C8 to T1 contributions of the 
median (flexor pollicis longus) and radial nerves (exten-
sor pollicis longus) will also be affected. EMG may also 
be useful in localizing the lesion [30]. Fortunately, only 
∼1% of patients will have symptoms that persist for 
more than 3–4 months [27,29].

The infraclavicular portions of the brachial plexus 
(cords and terminal branches) are at risk during sur-
gical procedures to the shoulder and axilla. Complete 
transection of the brachial plexus has been seen in 
association with axillary dissection during radical 
mastectomy. Injuries to several nerves about the shoul-
der, most commonly to branches of the axillary nerve, 
have been reported after shoulder arthroscopy. The 
incidence of nerve injury after anterior reconstruction 
for glenohumeral instability has been reported to be 
∼8% [31]. Eighty-seven percent of patients with these 
lesions experienced full recovery within 6 months, 
and all were believed to have traction-type lesions. 
The musculocutaneous nerve was most frequently 
involved.

Radiation-induced brachial plexus injuries can be 
a devastating complication of radiation therapy after 
mastectomy for breast cancer. Symptoms usually 
develop months to years after treatment; symptoms 
usually begin with sensory loss but may progress to 
complete plexopathy with a flaccid, insensate arm. 
Pathologically, the nerves are often entrapped in dense 
scar tissue, but damage to the vasculature of the nerves 
probably plays an important role in nerve damage [32]. 
Unfortunately, there is no effective treatment for this 
type of lesion [26].

38.6.3 Arm and Forearm Level

Using tourniquets during surgery to the extremities 
causes nerve injuries in ∼1 in 5000 cases [33]. The usual 
clinical picture is involvement of all major nerves in the 
extremity, with greater involvement of motor nerves 
than sensory nerves. Conservative treatment is the rule 
because nearly all patients will experience a complete 
recovery.

Ulnar nerve injuries at the elbow have been reported 
as a complication of surgical repair of elbow fractures 
and of ulnar nerve transposition. Displaced fractures of 
the distal humerus in children are usually treated with 
closed reduction and percutaneous pinning of the frac-
ture. Postoperative ulnar nerve palsy develops in ∼5% 
of patients after crossed pinning [34]. Although some 
authors recommend observation alone for this problem, 
others advocate pin removal with exploration of the 
nerve because of the possibility of direct penetration of 
the nerve by the pin [35]. Whether treated surgically or 
not, most patients with ulnar nerve palsy will experi-
ence complete recovery, although resolution may take 
several months. Patients who suffer malunion of the dis-
tal humerus with progressive deformity may also expe-
rience late ulnar nerve palsy.

The median nerve is most often injured at either the 
elbow or the wrist. Injuries around the elbow are usu-
ally due to venipuncture or arterial catheterization. At 
the wrist level, the median nerve is most frequently 
injured during carpal tunnel release. Both the endo-
scopic and the open technique have been reported 
to be associated with lacerations of the main trunk of 
the median nerve, the palmar cutaneous branch, the 
median motor branch, the common and proper digital 
nerves, the main trunk of the ulnar nerve, or the motor 
branch of the ulnar nerve [36]. By far, the most com-
mon nerve lesion is neuropraxia, which is self-limited 
and resolves completely. The median nerve may also be 
injured during corticosteroid injections to treat carpal 
tunnel syndrome if these injections are inadvertently 
administered intraneurally. There are also several 
reported cases of mistaken removal of the median nerve 
during attempts to harvest the palmaris longus tendon 
for use as a graft. This mistake is often not recognized 
until it is too late, and the nerve must be reconstructed 
with nerve grafting.

The radial nerve can be injured during surgical treat-
ment of fractures or nonunions of the humeral shaft, 
during surgical approaches to the elbow (anterior or 
lateral approaches), by the placement of external fixa-
tion pins, by surgery for de Quervain’s tenosynovitis, or 
by surgical procedures on the radial artery. Awareness 
of neurological complications resulting from harvest-
ing the radial artery for CABG has increased. A survey 
of patients who underwent such harvesting showed 
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that 30% subsequently reported some type of neurologi-
cal complaint (sensation abnormality or thumb weak-
ness) [37]. Because of the nature of this study, it is difficult 
to determine whether the median nerve, the radial 
nerve, or both were involved or whether the problems 
were due to nerve traction or insufficient vascularity.

38.6.4 Pelvis and Hip Level

Injuries to the ilioinguinal, iliohypogastric, and genito-
femoral nerves can cause pain in the inguinal region. 
These nerves are most commonly injured during ingui-
nal herniorrhaphy but can also be damaged during 
inguinal lymph node dissection, abdominal hysterec-
tomy, abdominoplasty, and harvest of iliac crest bone 
grafts [38]. The best results of surgical treatment were 
achieved for patients with lesions of the ilioingui-
nal nerve or the iliohypogastric nerve, and the worst 
results were in patients with injuries to the genitofemo-
ral nerve [39].

The lateral femoral cutaneous nerve (LFCN) is vulner-
able to injuries during herniorrhaphy, during surgical 
procedures to the pelvis, especially those using the ilio-
inguinal approach, and during spine surgery. Injury to 
this nerve causes pain, numbness, or both to the antero-
lateral thigh; such injury is also called neuralgia par-
esthetica. During spine surgery, placing the patient on 
the Hall–Relton frame may cause external pressure on 
the nerve at the anterior superior iliac spine [40]. The 
nerve can also be injured by retroperitoneal hematoma 
or during harvest of iliac crest bone grafts [40]. Almost 
90% of patients experienced complete recovery within 
3 months, and >90% of those requiring surgical decom-
pression experienced good to excellent outcomes [40].

The femoral nerve forms within the substance of the 
psoas muscle, emerging along the lateral border to run 
between the psoas and iliacus muscles. It then enters 
the thigh after passing beneath the inguinal ligament, 
branches out to supply motor input to the quadriceps, 
and continues as the saphenous nerve. The nerve can be 
injured in either its intrapelvic portions or its extrapel-
vic portions. Symptoms range from mild paresthesias 
to profound motor and sensory deficits. Motor weak-
ness is usually manifested by buckling of the knee as 
the result of weakness of the quadriceps. Most femoral 
nerve lesions are iatrogenic. Causes include compres-
sion from self-retaining retractors, transection or suture 
during herniorrhaphy, infrainguinal vascular proce-
dures, ischemia, cement entrapment in hip arthroplasty, 
traction, and positioning. Probably the most common 
cause is compression by self-retaining retractors, most 
often during pelvic surgery. The reported incidence of 
femoral nerve lesions in association with total abdomi-
nal hysterectomy is 11% [41]. The lateral blade of the 
retractor can directly compress the nerve or can trap the 

nerve and the psoas muscle between the retractor and 
the pelvic wall. Most authors recommend using smaller 
blades on the self-retaining retractors to prevent this 
problem [41,42].

The saphenous nerve is the sensory continuation of 
the femoral nerve; it provides sensory supply to the 
anteromedial aspect of the leg and the medial side of the 
foot. Patients can experience anesthesia, hyperesthesia, 
or pain in its distribution when the nerve is damaged. 
The nerve is commonly injured during harvest of vein 
grafts for CABG. One study showed that 90% of patients 
experienced some anesthesia after vein harvest, and 
72% were still experiencing these symptoms 20 months 
after harvest [43].

Because of its proximity to the hip joint, the sciatic 
nerve is most commonly injured during hip arthro-
plasty. The incidence of such injuries in association with 
primary hip arthroplasty is 1% and increases to 3% in 
association with revision surgery [44]. Although intra-
operative traction of the nerve is believed to be the most 
common cause of injury, the nerve may also be injured 
by postoperative dislocation, by heat damage from 
cement, or by nerve laceration. The prognosis is best 
for patients who can walk immediately after surgery 
or who regain motor function within 2 weeks. Whether 
patients undergo neurolysis, nerve repair or grafting, or 
conservative treatment, recovery is more likely in the 
tibial nerve distribution than in the peroneal division of 
the nerve [45]. Other causes of iatrogenic sciatic injury 
include ischemia after prolonged intra-aortic balloon 
pump therapy, improper patient positioning during sur-
gical procedures, and injection injuries.

The peroneal nerve is susceptible to injury because it 
winds around the posterolateral corner of the knee joint. 
Damage to this nerve causes foot drop, a weakness of 
dorsiflexion of the ankle. Peroneal nerve palsies have 
been reported as a complication of knee arthroplasty, 
tibial osteotomy, knee arthroscopy, lower-extremity 
casts, positioning during surgery, and the use of pneu-
matic compression devices. As with most iatrogenic 
nerve lesions, most injuries to the peroneal nerve will 
resolve with time. If surgery is performed, only 40% of 
patients will recover sufficient strength to prevent foot 
drop, and approximately half will regain protective sen-
sation in the foot [46].

38.6.5 Injection and Catheterization Injuries

Peripheral nerves are at risk of injury during all invasive 
procedures, including intramuscular injections, arterial 
and venous catheterization, and even routine venipunc-
ture. A review of sciatic nerve injuries at the level of the 
buttocks reported that more than half were the result 
of misplaced gluteal muscle injections. Not all injection 
palsies resolve spontaneously [45]. Published reports 
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have described brachial plexus neuropathy after sub-
clavian vein catheterization [47]. Many reports describe 
peripheral nerve injury leading to complex regional 
pain syndrome after routine venipuncture [48].

38.6.6 Anesthesia-Related Nerve Injuries

Peripheral nerve damage associated with anesthe-
sia may result from injury to the nerves themselves 
by administration of regional anesthesia or may be 
related to patient positioning. Regional anesthesia for 
upper-extremity surgery is associated with a num-
ber of serious neurological complications, although 
most of these complications are minor and transient 
[49]. Injury may result from direct needle trauma to 
nerves or from hematomas that form after transarte-
rial techniques.

Although in this chapter injuries related to patient 
positioning are treated as anesthesia-related compli-
cations, it is imperative that every surgeon be aware 
of these complications and know how to avoid them. 
Analysis of the American Society of Anesthesiologists 
Closed Claims Database showed that 16% of claims were 
for anesthesia-related nerve injuries and that nearly 
30% of those claims were for injuries to the ulnar nerve 
[50]. The most commonly affected nerves are the ulnar 
nerve and the peroneal nerve, probably because of their 
superficial course in the extremities. The ulnar nerve 
can be injured by compression against the operating 
table or by excessive flexion of the elbow. The peroneal 
nerve is vulnerable to injury because it winds around 
the fibular head, and it may be compressed against the 

lithotomy pole or by placing the patient in the lateral 
position. If the patient’s arm rests on a hard edge, the 
radial nerve can be compressed against the posterior 
part of the humerus. The sciatic nerve is at risk of com-
pression when patients are thin; other risk factors are 
lengthy procedures and hard tables. The nerve can also 
suffer traction injury when patients are placed in the 
lithotomy position with the hip flexed and in maximal 
external rotation. The lithotomy position can also cause 
femoral nerve palsies by entrapping the nerve against 
the inguinal ligament when the hip is hyperflexed. The 
brachial plexus can also undergo traction injury as the 
result of positioning, particularly when the arms are 
placed in abduction with external rotation and posterior 
shoulder displacement.

38.7 Conclusion

Peripheral nerve injuries are a cause of significant mor-
bidity. Many types of traumatic injuries can be associ-
ated with nerve injury. Recognition of these injuries in a 
timely manner is essential in improving their outcome. 
It is also important to note that many peripheral nerve 
injuries may be iatrogenic. Knowledge of how com-
mon surgeries and procedures can lead to nerve injury 
is essential in their prevention. Finally when surgical 
repair is indicated, it is important to recognize the vari-
ety of tools that are available from direct repair to nerve 
grafting and nerve conduits.

Complications of Nerve Injury and Repair

Complications Incidence Comments References

Traumatic injury 2.8% of trauma patients had injury to at least one 
major peripheral nerve

Up to 54% required an 
operative intervention

[1]

Peripheral nerve injury in CNS trauma 10%–34% associated peripheral nerve injury in 
patients with CNS injury

10% association with 
brachial plexus injury

[15]

Radial nerve injury 10% of humeral shaft fractures [10]
Median nerve injury 17% of wrist injuries May require urgent carpal 

tunnel release
[12]

Peroneal nerve injury 10% of hip fracture/dislocations [13]
Iatrogenic injury 10% of peripheral nerve injuries are associated 

with medical treatment
[2]

Brachial plexus injury 2.7%–10% following open heart surgery [27]
Ulnar nerve injury 5% in cross pinning of the humerus in children [34]
Radial/median nerve palsy 30% had thumb weakness or sensory changes 

after radial artery harvest for CABG
Injury to the radial and/or 
median nerves

[37]

Femoral nerve palsy 11% following abdominal hysterectomy Associated with retraction [41]
Saphenous nerve injury Up to 90% following vein harvest for CABG had 

sensory changes
72% still had deficits at 
20 months post op

[43]

Sciatic nerve injury 1% following hip arthroplasty 3% with revision 
arthroplasty

[44]
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39.1 Introduction

If complications of trauma are to be approached comprehen-
sively, the cognitive, emotional, and behavioral domains must 
be considered. In addition to the more overt changes in level of 
consciousness or behavior, which can result from moderate to 
severe brain injury, physical trauma to the head can also lead 
to more subtle alterations of cognition and mood that nonethe-
less can have a profound impact on functioning and quality of 
life. A diagnosis of traumatic brain injury (TBI) in either the 
acute or chronic patient raises one example that highlights the 
interrelationship between central nervous system injury and 
associated behavioral and psychological sequelae. Although 
such factors can affect virtually all types of trauma, trau-
matic injury to the brain, for which damage is by definition 
tied to alterations in brain function and behavior, provides an 
extreme case where primary injury and psychological sequelae 
must be examined as co-occurring conditions. We take the 
approach herein to examine the most common co-occurring 
and/or comorbid psychological considerations from the time of 
injury (survival) forward into recovery with an emphasis on 
depression and posttraumatic stress disorder (PTSD). We also 

begin our discussion with a very brief overview of cognitive 
impairments secondary to TBI as it appears mood and anxiety 
disorders may increase these deficits.

39.2 Traumatic Brain Injury

39.2.1 Incidence, Prevalence, and Cost

Trauma is a common cause of brain injury, and TBI is 
a leading cause of death and disability in the United 
States. Each year, an estimated 1.5 million Americans 
sustain a TBI. Of these, 50,000 die; 230,000 are hospi-
talized and survive; and approximately 80,000–90,000 
experience long-term disability [1]. Advances in pre-
hospital care, classifications of injury severity and 
outcome, imaging, critical care, and rehabilitation 
have contributed to a reduction in mortality and to 
improved outcomes for patients with TBI [2–4]. The 
healthcare costs of TBI are estimated at approximately 
US $35 billion per year [5]. In veteran populations, 
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such costs are difficult to assess and bring significant 
controversy but range from an estimated $11,700 per 
patient in the first year of care (non-polytrauma set-
ting, without PTSD) to $136,000 for those TBI patients 
with more significant injuries requiring specialized 
polytrauma care. Given the numbers of deployed ser-
vice members, the estimated care over the lifetime of 
a patient with TBI is significant. Unlike the rates iden-
tified earlier, sports concussion alone is estimated to 
occur at a range between 1.6 and 3.8 million annually. 
In clinical studies, the short- and long-term effects of 
concussion have been reported to be serious and occa-
sionally fatal. Sports-related injuries are second to 
motor vehicle accidents as the leading cause of TBI for 
young people between 15 and 24 years old [6]. At pres-
ent, there are no estimated “costs” per se, but this is a 
topic that warrants further investigation.

39.2.2 Severity and Prognostic Indicators

Computed tomography (CT) has revolutionized the early 
diagnosis and treatment of patients with moderate to 
severe TBI. The immediate detection of intracranial mass 
lesions has made a significant difference in the outcome 
of patients with brain injury. Indications for intracra-
nial pressure monitoring, the role of glucocorticoids, the 
role of prophylactic antiseizure medications, the use of 
hyperventilation, and the importance of cerebral per-
fusion pressure in the care of patients with severe TBI 
have all made an impact. In 1996, the Guidelines for 
the Management of Severe Head Injury [7] were dis-
tributed throughout the United States and Canada. The 
document provided evidence-based standards, guide-
lines, or options regarding the role of neurosurgeons in 
trauma systems. Several other elements of the treatment 
of patients with head injury were also included. With 
these guidelines, the management of severe TBI and its 
outcomes is now more consistent across North America. 
Unfortunately, and as supported in a recent report to the 
United States Congress, noninvasive imaging methods 
including both CT and magnetic resonance imaging 
(MRI) have to date not had an impact on assessment of 
milder injuries for which lesions and microbleeds are 
uncommon. The reader is directed to this report for a 
comprehensive review on this topic that is outside the 
scope of this chapter. It is hopeful that the push for TBI 
Common Data Elements (CDE) providing the foun-
dation for some standardization across sites, as with 
neurosurgical guidelines, may change the future role of 
MRI and CT.

In order to develop the TBI CDE standards, a variety 
of cosponsoring federal agencies led a scientific initia-
tive to develop the core set of recommended variables 
to include and collect in TBI studies. Scientific experts 
were invited in 2009 to participate in a working group 

to develop recommendations for specific topic-driven 
CDE. Without a common set of data elements (which 
include variable definitions and recommended mea-
sures), comparison of findings across studies was dif-
ficult. This is one major challenge for the reader in 
determining such things as treatment efficacy. Without 
CDEs to characterize a very heterogeneous sample, we 
are left with small studies that do not generalize across 
sites. Currently, Version 2.0 of the TBI CDEs are avail-
able at www.commondataelements.ninds.nih.gov/tbi. 
Briefly, the CDEs are organized according to type of 
study including those focused on concussion and mild 
TBI, acute hospital-based studies, those focused on 
moderate to severe TBI, rehabilitation, and larger-scale 
epidemiology studies.

The Version 2.0 CDEs are classified according to the 
following definitions:

• Core—Small set of data elements that are rel-
evant to all TBI clinical studies.

• Basic—Small set of data elements, beyond the 
core, that are recommended for inclusion in 
studies of concussion/mild TBI, acute hospi-
talized, moderate/severe TBI, rehabilitation, or 
epidemiology.

• Supplemental—Additional recommended data 
elements where inclusion depends upon the 
particulars of the study.

Therefore, researchers working on acute hospitalized, 
concussion or mild TBI, rehabilitation of moderate or 
severe TBI, and epidemiology studies can use these 
classifications as guidelines to find customized sets of 
elements that they can incorporate into their studies 
hopefully leading to greater generalizability.

The duration of coma and the period of posttraumatic 
amnesia (PTA) are important predictors of outcome. 
The patient’s condition during the first few hours after 
injury is an important early index of severity and is most 
commonly measured by the Glasgow Coma Scale (GCS) 
[2], which serves as an objective measure of level of con-
sciousness. This scale allows for the best assessment of 
verbal, motor, and visual response with a correspond-
ing classification of brain injury as mild (GCS score, 
13–15), moderate (GCS score, 9–12), or severe (GCS score, 
3–8). The period of PTA was first described by Russell 
[8] and refers to the duration of time from the point of 
injury to until the patient has continuous memory of 
ongoing events and is able to retain new information. 
Cognitive function during PTA is highly variable and 
difficult to evaluate. Those patients who remain in coma 
longer and experience longer periods of PTA suffer sig-
nificant neurological and behavioral deficits that are 
often irreversible. The effect of age at the time of injury 
to the brain is also an important variable that should 
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not be ignored. Many clinicians assume that because of 
brain plasticity, children will have a better prognosis for 
neurobehavioral recovery after TBI than will adults [9]. 
Studies have reported that an early injury to the brain in 
younger children may limit the brain’s ability to develop 
normally or may interfere with the timing of neural 
development [10]. In addition, new deficits may emerge 
at later stages after injury. Therefore, from the mildest 
of injuries to the most catastrophic injury, patients may 
demonstrate different severities of brain injury, which 
results in different types of cognitive and behavioral 
impairments.

The fastest growing segment of the population in 
terms of head injury prevalence are persons over the age 
of 65 years. This further complicates the understanding 
of recovery and impairment in healthy older popula-
tions as well as those with neurodegenerative diseases 
which may contribute to fall risk. However, although 
this is the fastest growing segment of the TBI popula-
tion, very little is known about the confounding effects 
of increased age on injury severity and outcomes. This 
lack of information is of significance in this discussion 
given the rates of geriatric depression that, independent 
of TBI, provide treatment challenges.

39.2.3 Pathophysiology

An understanding of cognitive and behavioral deficits 
first requires an understanding of the neuropathology 
of diffuse and focal injuries and the different patterns 
of recovery associated with them. Historically, dam-
age to the frontal and temporal lobes is considered to 
be responsible for most of the cognitive and behavioral 
deficits associated with civilian TBI including such 
injury mechanisms as motor vehicle–associated acci-
dents, sports-related concussions, assaults, and falls. 
The pathophysiology of head trauma includes both 
the immediate impact (primary injury) and delayed 
brain injury (secondary injury). The result of mechani-
cal forces applied to the skull and transmitted to the 
brain is focal brain damage, diffuse brain damage, or 
both. Focal lesions result from a direct blow to the head 
and include brain laceration, contusion, intracerebral 
hemorrhage, subarachnoid or subdural hemorrhage, 
epidural hematoma, and ischemic infarct. The mecha-
nism of injury involves a rapid acceleration and decel-
eration of the head, such as that typically produced by 
motor vehicle crashes or falls. The areas most commonly 
affected are the orbitofrontal area and the temporal area 
[11]. Also, the differential motion of the brain within the 
skull causes shearing and stretching of axons [12]. The 
widespread spectrum of injuries, ranging from brief 
physiological disruption to widespread axonal tearing, 
is called diffuse axonal injury [13]. Generally, this overall 
description of the pathophysiology is consistent across 

injury mechanism. However, it is becoming increasingly 
important to note that there may be injury mechanism–
specific pathophysiology that may also affect outcomes. 
For example, preliminary and initial studies investigat-
ing TBI due to improvised explosive devices (blast TBI) 
in the theater of war appear to indicate a much heavier 
injury burden represented by widespread white matter 
lesions generally occurring at the gray–white junction. 
Such an observation has face validity in that simple 
exposure to a blast can result in alterations in intracra-
nial pressure as well as direct shear and strain injury 
due to mechanical forces, and similar to acceleration–
deceleration type TBI, blast TBI is associated with dam-
age to axons, cerebral edema, and small hemorrhages in 
white matter, the cerebellum, and brain stem [14].

In addition to damage occurring at the time of 
impact, secondary damage may occur during the 
recovery period. Secondary damage can be caused 
by hypoxia, hypotension, severe anemia, metabolic 
abnormalities, infection, hydrocephalus, intracra-
nial hypertension, fat embolism, and subarachnoid 
hemorrhage. Other delayed effects include release of 
excitatory amino acids, production of oxidative free 
radicals, release of arachidonic acid metabolites, and 
disruption of neurotransmitters such as monoamines 
and serotonin [15].

Over the last few years, increased media attention 
and research has been on mild TBI and concussion. 
Concussion is a type of brain injury caused by a blow to 
the head. A concussion can occur with or without a loss 
of consciousness. Damage to the brain is theoretically 
caused by biomechanical forces that lead to shear and 
strain injury. The pathophysiology, as discussed earlier, 
can cause short- and/or long-term cognitive, physical, 
psychological, and academic issues. A general over-
view of the most common cognitive impairments and 
alterations is discussed later. Less often discussed are 
the alarming rates of postconcussive psychiatric illness, 
with mood and anxiety disorders being the most com-
mon. These are also discussed later.

Concussion in sports has become a national public 
health issue with local, state, and federal legislation 
being created and enforced. Daily reports are released 
concerning the prolonged, negative effects of concus-
sions in athletes. Professional athletes have publicly 
suffered injuries highlighting the importance of proper 
concussion management. Current research indicates that 
the most serious effects of concussion can be avoided if 
the athlete’s injury is immediately identified and prop-
erly managed. Over the last few years, more research is 
being reported about chronic traumatic encephalopathy 
(CTE), a progressive degenerative disease of the brain 
found in athletes (and others) with a history of repeti-
tive brain trauma. This kind of trauma, which includes 
multiple concussions, triggers progressive degeneration 
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of the brain tissue, including the buildup of an abnor-
mal protein called tau. The brain degeneration is associ-
ated with memory loss, confusion, impaired judgment, 
paranoia, impulse control problems, aggression, depres-
sion, and eventually progressive dementia. There have 
been many cases of retired football and hockey players, 
boxers, and wrestlers with reported evidence of CTE at 
autopsy [16].

Typically after mild TBI, most deficits resolve within 
3 months [17]. The most common postconcussive com-
plaints are headaches, dizziness, fatigue, irritability, 
anxiety, insomnia, memory problems, and noise sensi-
tivity. These symptoms usually follow mild TBI, but are 
also seen after all other degrees of TBI. After moderate or 
severe TBI, patients are left with a combination of physi-
cal, cognitive, and behavioral deficits that may persist 
for months or years after the injury. These deficits are 
best treated by a multidisciplinary team of experts that 
includes a physician with expertise in brain injury reha-
bilitation, nurses, a physical therapist, an occupational 
therapist, a speech pathologist, a neuropsychologist, a 
recreational therapist, a dietician, a social worker, and 
the patient’s family.

39.2.4 Behavioral Sequelae: Cognitive Impairment

Cognition is defined by Neisser as the processes by 
which sensory input is transformed, reduced, elabo-
rated, stored, recovered, and used [18]. Cognitive defi-
cits are caused by the effects of focal and diffuse brain 
damage. Despite the variability in the severity of brain 
injury and the cognitive deficits associated with it, cer-
tain common patterns exist because of the typical dam-
age to the frontal and temporal lobes (gray matter), 
the midbrain, and the corpus callosum (white matter). 
Cognitive outcome depends on a number of factors, 
including degree of diffuse axonal injury, age, duration 
of loss of consciousness, duration of PTA, brain stem 
dysfunction at the time of injury, and presence and size 
of focal injury.

The cognitive disorders typically experienced by 
patients with TBI include impairment of arousal, atten-
tion, concentration, memory, language, visuospatial 
and perceptual function, and executive function [19]. 
Deficits in attention and memory are among the most 
commonly reported disorders after TBI. Attention is 
not a single entity, but is rather a finite set of brain pro-
cesses that interact with other brain processes in the 
performance of different perceptual, cognitive, and 
motor tasks. Components of attention include vigilance 
(attending to a task over time), selection (attending to 
different targets), and executive attention (planning and 
coordination of multiple tasks). Attention is the basis for 
information processing, learning, and execution of the 
activities of daily living.

Memory is a complex process that includes the abil-
ity to encode (analyze and restructure information 
into storable forms), store (maintain stored memories), 
and retrieve (locate stored information and return it to 
awareness) information [18]. Patients with head injury 
demonstrate a combination of retrograde (inability to 
recall events preceding the injury) and anterograde (dif-
ficulty in acquiring new information) amnesia, caused 
by damage to the medial temporal lobes and the hip-
pocampus or to portions of the thalamus.

Disorders of communication and language may take 
many forms depending on the site and extent of the 
lesion. It has been reported that language disorders 
associated with TBI are a manifestation of underly-
ing cognitive disorganization. Patients demonstrate 
reduced word fluency, impaired visual naming, 
impaired auditory comprehension, anomia, parapha-
sias, and problems with reading and writing. The most 
commonly reported deficit is anomia, or problems with 
finding words or naming objects. Anomia is described 
as the inability to generate names on visual confron-
tation or in spontaneous speech, with damage to the 
dominant parietal area [14]. Executive function prob-
lems include poor planning, organizing, sequencing, 
and set-shifting abilities, with impaired judgment and 
impulse control (for a general review of language dis-
orders in TBI, see [20]).

Visuospatial and perceptual deficits are not as com-
mon as other deficits because the posterior areas of 
the brain are less often damaged than the frontal and 
temporal areas. Prosopagnosia (inability to recognize 
familiar faces) is associated with lesions of the right 
inferior occipitotemporal region. Other visuospatial 
deficits include problems with neglect, motor plan-
ning, perception of forms, spatial relations, color, 
and figure–ground relationships. In more severe TBI, 
hemispatial neglect is more common with patients 
having significant difficulty with attending to either 
the right or the left half of space. These visuospatial 
deficits have significant functional consequences for 
independent living over the lifetime of the patient 
with no “good” treatment available. It is important to 
screen patients during the acute phase of brain injury 
to assess a wide range of cognitive, memory, and lan-
guage deficits that are first seen in the early stages 
of recovery. In the acute stage, the patient is usually 
disoriented and confused. The Galveston Orientation 
Amnesia Test should be administered daily to track 
the patients’ progress through PTA [21].

A full neuropsychological assessment should be 
administered to patients during the rehabilitation 
phase. A scale commonly used to follow a patient’s 
progress through cognitive recovery is the Rancho Los 
Amigos Scale [22], which describes the patient’s cur-
rent level of cognitive functioning. The scale ranges 
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from Level I (no response) to Level VIII (purposeful, 
appropriate). Various treatment techniques have been 
developed and used at different stages of recovery. 
Patients recover at different rates depending on the 
severity of the brain injury. Complicating the cognitive 
assessment is the common absence of gross neuropsy-
chological deficits in milder TBI populations where it is 
common to have patient self-reported deficits in atten-
tion and memory but with performance that falls within 
standardized norms. Further, given the proposed 
association between lifetime history of multiple–mild 
TBIs and later dementia such screenings will likely be 
required in high-risk patients (i.e., boxers) as cognitive 
symptoms increase with age.

The rehabilitation of cognitive deficits may be 
referred to as cognitive retraining, cognitive remedia-
tion, or cognitive rehabilitation. Cognitive rehabilita-
tion is a set of therapies used to help improve damaged 
intellectual, perceptual, psychomotor, and behavioral 
skills. Approaches may vary from the use of computer 
programs to paper-and-pencil and traditional therapy 
tasks, may focus on single components of cognition or 
on cognitive aspects embedded in functional tasks, or 
may be aimed directly at improving impaired cogni-
tive processes or at developing compensatory strate-
gies. Cognitive retraining involves using techniques 
to retrain the patient in specific cognitive domains by 
providing a series and a hierarchy of mental stimuli, 
tests, and activities. This therapy consists of task rep-
etition and assistance provided by cueing techniques 
[23]. Therapeutic strategies of cognitive rehabilitation 
have been classified in the literature as either restorative 
(repetitive exercise with the goal of restoring lost func-
tion) or compensatory (development of internal strate-
gies or external prosthetic assistance for dysfunction). 
At present, there are a number of funded studies exam-
ining efficacy of such treatments but as with most fields 
within TBI, controlled double-blind studies are still 
missing.

In mild TBI, the deficits noted earlier are rarely 
observed to degrees that would allow definition of 
clinical impairment. However, across multiple studies 
decreased mental flexibility, trouble shifting sets, and 
impaired attention are observed in mild TBI even if 
they do not reach clinical impairment [19]. Also often 
complaints about by mild TBI patients and their families 
are poor planning, lack of organization, problems with 
sequencing, impaired judgment, deficits in verbal flu-
ency, problems with working memory, as well as impul-
sivity errors [19].

Neuropharmacological management involving psy-
chostimulants and other dopaminergic agents has 
been reported to be beneficial in improving deficits of 
arousal, poor attention, concentration, and memory. 
Recently, the use of cholinergic agents has been reported 

to be promising in treating these deficits [24]. However, 
as with all patients, use of these agents must be consid-
ered with respect to noncognitive behavioral sequelae 
including aggression and agitation.

39.2.5  Behavioral Sequelae: Mood 
and Anxiety Disorders

Frequently reported behavioral sequelae after TBI 
include agitation, disinhibition, depression, apathy, 
mania, and psychosis. These behavioral problems have 
been mostly associated with injury to the frontal and 
temporal lobes. It is also important for the reader to note 
that many of the available studies evaluating pharmaco-
logical interventions for such behavioral sequelae must 
be interpreted with an eye for sample size, inclusion cri-
teria, and appropriate control groups. Pharmacological 
studies in TBI are historically challenging given the 
wide array of clinical presentations, acuity of treatment 
relative to injury, and other common comorbidities that 
can confound the common behavioral sequelae such as 
sleep disturbance. We focus herein on depression and 
PTSD. However, we direct the reader to Table 39.1 which 
includes the best estimates for prevalence of other 
observed psychological sequelae including agitation, 
apathy, mania, and psychosis.

39.2.6 Depression

Depressive symptoms frequently occur following TBI, 
and estimates of prevalence extend to greater than 50% 
in some studies [25]. The lifetime risk of developing 
depression after TBI is increased relative to the general 
population [26]. A 2007 study of professional athletes in 
the National Football League showed that those play-
ers who had had at least three concussions were three 
times as likely to develop depression [5]. However, 
depression is often poorly conceptualized following TBI 
and as such is likely underrecognized and undertreated 
in acute care and rehabilitation models [27]. There are 
likely multiple etiologic pathways that converge to a 
common clinical presentation of disturbed mood with 
a myriad of features [12].

Due to the frequency and potential consequences if 
left untreated, it is important to assess for underlying 
mood disorders in this population. Importantly, mood 
disturbances following TBI may not necessarily meet 
traditional psychiatric criteria for major depressive dis-
order. The presentation may be more consistent with 
a dysregulated mood (i.e., showing features of several 
types of mood disorders) rather than fitting neatly into 
any one diagnostic category. Mood symptoms may be 
subtle and may manifest as primary behavioral changes 
including irritability, uncooperativeness, apathy, or fail-
ure to thrive. For example, the presence of aggression 
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has been consistently correlated with depression in 
TBI. Emphasized previously, TBI commonly results in 
disturbances in mood and in changes in cognition and 
behavior. Additionally, other issues, such as chronic 
pain (e.g., headaches), which are relatively common in 
TBI, can play a significant interactive role in the extent 
of neurobehavioral symptoms. As such, these other fac-
tors must also be characterized and addressed. The pres-
ence of depression also appears to have a negative effect 
upon both subjective and objective cognitive deficits fol-
lowing TBI. Severity of depression symptoms have been 
shown to exacerbate problems with cognition [27,28]. 
Other studies have noted similar effects of depression 
following TBI in areas of working memory, verbal mem-
ory, processing speed, and executive function [28]. Not 
surprisingly, depression has also been associated with 
decreased social function at both 6 and 12 months fol-
lowing injury [27]. These findings are consistent with 
current knowledge of cognitive effects associated with 
major depressive disorder [27]. Neuroanatomic studies 
have identified a relationship between depression in TBI 
with reduced prefrontal gray matter volumes [29,30]. 
Although not causal, this finding does strengthen the 
link between the neurological consequence of injury and 
resultant depression.

Additional risk factors for poor outcomes for 
untreated depression in TBI include impaired cognitive 
functioning, exacerbation of existing neurological defi-
cits, and diminished motivation which can affect recov-
ery and rehabilitation. Additionally, as with other types 
of trauma, premorbid depression and other psychiatric 
illness apparently increase postinjury risk for mood and 
anxiety disorders.

In terms of treatment and management, there 
are some limited studies that demonstrate a better 
response post-TBI to serotonergic agents. There are 
no studies of significant enough scale to assess the 
effects of other agents [31]. Also worth discussion but 
not otherwise well studied is how depression in the 
TBI patient affects family support and community 
reintegration both of which are critical for functioning 
post-TBI.

39.2.7  Anxiety Disorders: Posttraumatic 
Stress Disorder

Anxiety disorders in TBI are the most prevalent and 
have a significant impact on function. Many kinds 
of anxiety disorders have been reported after TBI, 
such as generalized anxiety disorder, panic disorder, 
phobic disorders, PTSD, and obsessive–compulsive 
disorder. Patients with TBI often experience anxiety 
associated with persistent worry, tension, and fearful-
ness [32]. Increased activity of the aminergic system 
and decreased activity of the γ-amino butyric acid 
(GABA) inhibitory network are the proposed mecha-
nisms for the clinical manifestation of anxiety. Right-
hemispheric lesions are more often associated with 
anxiety disorder than are left-hemispheric lesions [33]. 
Treatment includes antidepressants such as SSRIs, opi-
oid antagonists (such as naltrexone), and buspirone. 
Benzodiazepines and antipsychotic agents should be 
avoided because they can cause memory impairment, 
disinhibition, and delayed neuronal recovery [34]. 
Behavioral therapy and psychotherapy are also impor-
tant in the treatment of anxiety.

TABLE 39.1

Most Prevalent Comorbid and Co-occurring Neurobehavioral Outcomes Following TBI

Complications Incidence (%) References Comments

Cognitive impairment 
(mild TBI)

5–10 [17,42–44] The incidences in moderate to severe TBI are too 
variable to document consistently given the 
measurement variability.

Depression 10–50 [5,12,25–27] Rates depend on severity of injury, preinjury, 
psychiatric illness, mechanism of injury, number of 
lifetime injuries.

Agitation 25 [45] The numbers are with reference to more severe injury 
and in the acute phase. Rates are unknown in chronic 
TBI and in mild TBI.

Apathy 60 [46] These numbers include those patients with any 
depressive symptoms so should be considered with 
that as a reference.

Mania 5–9 [47,48] This is heavily biased by characterization in severe TBI.
Psychosis 7–10 [49] This is heavily biased by characterization in severe TBI. 

Rates are not published in mild to moderate TBI.
PTSD 11–18 [29,31,50,51] Based upon combat veterans who presented to the ED 

and civilian motor vehicle accident patient studies.
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39.3 Posttraumatic Stress Disorder

39.3.1 Prevalence

With the current conflicts in Iraq and Afghanistan, 
additional attention has been focused on comorbid TBI 
and PTSD. However, the co-occurrence of TBI and PTSD 
is not novel nor it is isolated to injuries and exposure 
in combat. As one might expect, PTSD is more com-
mon in certain high-risk populations including combat 
Veterans. Rates of PTSD in Operation Iraqi Freedom/
Operation Enduring Freedom veterans vary from study 
to study but are generally reported to range from 8% 
to 16%. Approximately, 15% of veterans presenting to 
VA hospitals meet diagnostic criteria for PTSD [35]. 
Independent of TBI, more than half of the adults in the 
United States have undergone experiences that would 
be “potentially traumatic events.” These are events that 
would meet the first criteria required for diagnosis of 
PTSD according to the Diagnostic and Statistics Manual 
of the American Psychiatric Association, namely, expe-
riencing or witnessing an event “that involved actual 
or threatened death or serious injury, or a threat to the 
physical integrity of self or others.” From this estimated 
50% (based upon this one study), 8% are reported to 
actually meet diagnostic criteria. This means that those 
8% not only experienced a “potentially traumatic event” 
but also had a response that “involved intense fear, help-
lessness, or horror” [36]. Factors that lead to risk (devel-
opment of PTSD) or resilience (those who are exposed 
but do not meet PTSD) caseness is outside the realm of 
this chapter. However, the current suggestion offered 
by some in explaining the increased incidence in vet-
erans is that TBI may increase the risk of progression 
to PTSD similar to the risk for depression secondary to 
TBI. In civilians, with comorbid PTSD and TBI second-
ary to motor vehicle accidents the rates appear in the 
10%–38% range [37]. As a comparison, the rates of PTSD 
in combat veterans with TBI are reported at 11%–44% 
[38]. It is, however, critical to understand that such rates 
in combat samples are highly variable and likely do not 
represent the true base rates due to significant issues 
with screening, reporting, and follow-up.

PTSD requires three main components including 
reexperiencing the trauma, avoidance and emotional 
numbing, and symptoms of heightened arousal. Of rel-
evance herein is the need to address and treat PTSD as 
quickly as possible in the TBI population. Once PTSD 
becomes chronic, it is much more treatment resistant.

Part of the challenge in understanding true base rates 
is that, behaviorally, symptoms between PTSD and 
postconcussive syndrome overlap to include anxiety, 
insomnia, irritability, trouble concentrating, fatigue, 
hyperarousal, and avoidance. But there are clear 

symptoms that do not overlap and include the key fea-
ture of reexperiencing the traumatic event, shame, and 
guilt in the case of PTSD and posttraumatic headache, 
sensitivity to light and sound, and objective memory 
impairments in TBI. Many of the neuropsychological 
deficits are common among the two making the need to 
have clear, quantitative studies of neuropathology more 
important. On the surface, one would hypothesize that 
PTSD would not alter the cerebral and brain stem white 
matter microstructure in the same way as TBI. In fact, 
although TBI has a clear cause in physical trauma result-
ing in shear and strain injury, PTSD also has a cerebral 
pathophysiology that is known to affect the cerebral 
white matter microstructure and as such must be con-
sidered. Traditionally, PTSD and anxiety disorders are 
known to affect temporal lobe structures including the 
hippocampus, parahippocampal gyri, and amygdala 
and even alter blood flow to these same regions [39].

Although the gold standard is still the structured 
interview, the validation and widespread use of screen-
ing measures and checklists have increased for both 
civilian and military populations. Still lacking in terms 
of brief screening measures are appropriate validated 
tools for pediatric and adolescent patients.

39.3.2 Risk Factors for Posttraumatic Stress Disorder

Although there appears to be uncertainty with regard 
to genetic risk factors for PTSD, there are behavioral and 
experiential risk factors that seem fairly stable. First, 
severity of traumatic exposure (with greater severity or 
risk to self, increasing the exposure) increases risk for 
progression to PTSD caseness [40]. Second, history of 
sexual assault appears to increase risk for PTSD later in 
life. This is a topic that requires consideration given the 
increased role of women in combat and rates of sexual 
assault in the military [40]. Third, combat exposure 
including number of deployments is associated with 
increased lifetime risk. However, it is also important to 
understand that the latter observation likely reflects all 
at-risk population to include first responders.

Importantly, with the exception of history of sexual 
assault, all other risk factors for PTSD are also associ-
ated with risk of TBI. Regardless, there is very little pub-
lished on early intervention and almost no literature on 
how to reduce risk for development of PTSD in a TBI 
population.

39.3.3  Therapeutic Approaches to 
Posttraumatic Stress Disorder

Recently, substantial advances have been made in the 
understanding of how to treat PTSD optimally. These 
advances form the basis of the first comprehensive 
and authoritative set of recently published treatment 
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guidelines for the disorder [41]. Interventions may be 
psychotherapeutic or pharmacological. Among the 
available psychotherapies, cognitive-behavioral therapy 
(CBT) has the best-established effectiveness. One effec-
tive form of CBT, prolonged exposure, includes sessions 
during which the memory of the traumatic experience is 
recounted in the first person, in as much detail as possi-
ble, over multiple sessions. Related strategies can incor-
porate cognitive restructuring and anxiety-management 
techniques. When successful, these approaches facili-
tate “emotional processing,” which allows the person to 
habituate to the fear-inducing aspect of a trauma mem-
ory and to develop a more adaptive set of associations 
and beliefs.

Medications are also established therapeutic options 
for PTSD. Sertraline, an antidepressant medication from 
the SSRI class, is the first and so far the only medication 
to be specifically approved for the indication of PTSD 
by labeling from the Food and Drug Administration. 
Sertraline and other SSRIs have been well studied for 
the treatment of PTSD in randomized, controlled clini-
cal trials, in which most but not all of the results have 
supported effectiveness. Other psychotropic medica-
tions, although less established, are often used to treat 
PTSD because of intolerance, partial response, or lack 
of response to SSRIs, or because of the need to target 
various comorbid conditions. Categories of agents 
include other types of antidepressants, mood stabiliz-
ers, noradrenergic blocking agents, and novel types of 
antipsychotic medications. However, the clinician must 
also consider that in a comorbid population such as TBI 
and PTSD one should consider the effects of all medica-
tions on recovery from TBI. For example, given the high 
rates of chronic pain and sleep disturbance one would 
expect a number of medications that can affect func-
tional recovery.

39.3.4 Considerations for Care

Synthesis of the information given earlier presents 
dilemmas in conceptualizing optimal care systems with 
respect to managing PTSD issues in the setting of acute 
trauma care. PTSD will develop in a substantial minor-
ity of severely injured patients and in significant num-
bers of high-risk patients with milder injury. When PTSD 
develops and persists, it compromises functional recov-
ery and quality of life and becomes increasingly difficult 
to treat over time. Thus, the acute trauma setting would 
seem to present an important opportunity for preventive 
intervention. As discussed, there are limitations to the 
current state of knowledge with regard to early identi-
fication of cases at risk and effectiveness of early inter-
ventions. These limitations being acknowledged, we do 
know enough to make some sensible recommendations 
that can be refined as the field progresses.

Providers in acute trauma settings should have a gen-
eral awareness of issues related to PTSD so that they can 
optimally assess and manage risks for complications of 
injury. Although there is not sufficient information to 
predict later PTSD in the chronic stage based upon acute 
data, it is important for continuity of care for providers 
at all stages to understand the significant risk of behav-
ioral sequelae and engage in patient education when 
appropriate. However, the burden of identification of 
co-occurring behavioral conditions in TBI falls on pro-
viders in the subacute and chronic stage for virtually 
all cases given the strong association between TBI and 
mood and anxiety disorders. Knowledge of the behav-
ioral overlap between persisting postconcussive symp-
toms and these disorders will be helpful in triaging 
care to optimize function. Untreated mood and anxiety 
disorders can affect recovery and function in significant 
ways as described earlier. Additionally, and especially 
in the chronic setting, the clinical must also consider 
other common comorbidities that may affect function 
in a TBI population that extend beyond the behavioral 
sequelae identified earlier that may complicate recovery 
from injury and treatment of the injury and psychologi-
cal comorbidities. These are now believed to include sig-
nificant sleep disorders, chronic pain, growth hormone 
deficiency, and hypopituitarism.

References

 1. Thurman, D. et al., Traumatic brain injury in the United 
States: A public health perspective. J Head Trauma Rehabil, 
1999, 14(6): 602–615.

 2. Teasdale, G. and B. Jennett, Assessment of coma and 
impaired consciousness. Lancet, 1974, 2: 81–84.

 3. Marshall, L. et al., The diagnosis of head injury requires 
a classification based on computed axial tomography. 
J Neurotrauma, 1991, 9(Suppl 1): S287–S292.

 4. Jennett, B. and M.J. Bond, Assessment of outcome after 
severe brain damage: A practical scale. Lancet, 1975, 1: 
480–484.

 5. Guskiewicz, K. et al., Recurrent concussion and risk of 
depression in retired professional football players. Med 
Sci Sports Exerc, 2007, 39(6): 903–909.

 6. Faul M, Xu L, Wald MM, Coronado VG. Traumatic brain 
injury in the United States: Emergency department 
visits, hospitalizations, and deaths. Atlanta, GA: Centers 
for Disease Control and Prevention, National Center for 
Injury Prevention and Control, 2010.

 7. Brain Trauma Foundation, A.A.o.N.S., Joint Section on 
Neurotrauma and Critical Care, Guidelines for the man-
agement of severe head injury. J Neurotrauma, 1996, 13: 
641–734.

 8. Russell, W., Cerebral involvement in head injury. Brain, 
1932, 35: 549–603.



435Psychological and Behavioral Complications of Trauma

© 2008 Taylor & Francis Group, LLC

 9. Buchwald, J., Comparison of plasticity in sensory and 
cognitive processing systems. Clin Perinatol, 1990, 17: 
57–66.

 10. Dennis, M. and M. Barnes, Developmental aspects of 
neuropsychology: Childhood. Handbook of Perception 
and Cognition, D. Zaidel, ed. New York: Academic Press, 
1994.

 11. Gennarelli, T.A., The pathobiology of traumatic brain 
injury. Neuroscientist, 1997, 3(1): 73–81.

 12. McAllister, T.W., Neuropsychiatric sequelae of head inju-
ries. Psychiatr Clin North Am, 1992, 15(2): 395–413.

 13. Gennarelli, T.A., L.E. Thibault, and D.I. Graham, Diffuse 
axonal injury: An important form of traumatic brain 
damage. Neuroscientist, 1998, 4(3): 202–215.

 14. Moore, E. et al., Blast physics and central nervous system 
injury. Future Neurol, 2008, 3(3): 1–8.

 15. Auerbach, S., The pathophysiology of traumatic brain 
injury. In Physical Medicine and Rehabilitation: State of the 
Art Review, Traumatic Brain Injury, L. Horn and D. Cope, 
eds. Philadelphia, PA: Hanley & Belfus, 1989, pp. 1–11.

 16. McKee, A. et al., Chronic traumatic encephalopathy 
in athletes: Progressive tauopathy following repeated 
head injury. J Neuropathol Exp Neurol, 2009, 68(7): 
709–735.

   This article discusses the cause and findings of CTE in ath-
letes. Also the concern about repeated concussions over many 
years to cause CTE.

 17. Levin, H. et al., Neurobehavioral outcome following 
minor head injury: A three center study. J Neurosurg, 
1987, 66: 234–243.

 18. Neisser, U., Cognitive Psychology. New York: Appleton-
Century-Crofts, 1967.

 19. Levin, H.S. and M.F. Kraus, The frontal lobes and 
traumatic brain injury. J Neuropsychiatry Clin Neurosci, 
1994, 6(4): 443–454.

   This group of researchers has been involved in neu-
rotrauma research for many years. This discussion of frontal 
lobe injuries discusses the neuropathology and sequelae.

 20. Hagen, C., Language Disorders in Head Trauma. San Diego, 
CA: College Hill Press, 1983.

 21. Levin, H., V. O’Donnell, and R. Grossman, The Galveston 
Orientation and Amnesia Test: A practical scale to assess 
cognition after head injury. J Nerv Ment Dis, 1979, 167: 
675–684.

 22. Malkmus, D., B. Booth, and C. Kodimer, Rehabilitation of 
the head-injured adult: Comprehensive cognitive man-
agement, 1980, Professional Staff Association of Ranch 
Los Amigos Hospital, Downey, CA.

 23. Wilson, B., Cognitive rehabilitation: How it is and how it 
might be. J Int Neuropsychol Soc, 1997, 3: 487–496.

 24. Taverni, J., G. Seliger, and S. Lichtman, Donepezil-
mediated memory improvement in traumatic brain 
injury during post-acute rehabilitation. Brain Inj, 1998, 
12: 77–80.

 25. Dikmen, S.S. et al., Natural history of depression in trau-
matic brain injury. Arch Phys Med Rehabil, 2004, 85(9): 
1457–1464.

 26. Holsinger, T. et al., Head injury in early adulthood and 
the lifetime risk of depression. Arch Gen Psychiatry, 2002, 
59(1): 17–22.

 27. National Institute of Medicine, The numbers count: 
Mental disorders in America: A summary of statis-
tics describing the prevalence of mental disorders in 
America, 2001.

 28. Chamelian, L. and A. Feinstein, The effect of major depres-
sion on subjective and objective cognitive deficits in mild 
to moderate traumatic brain injury. J Neuropsychiatry Clin 
Neurosci, 2006, 18(1): 33–38.

 29. Jorge, R.E. et al., Major depression following traumatic 
brain injury. Arch Gen Psychiatry, 2004, 61(1): 42–50.

 30. Levin, H.S. et al., Predicting depression following mild 
traumatic brain injury. Arch Gen Psychiatry, 2005, 62(5): 
523–528.

 31. Fedoroff, J.P. et al., Depression in patients with acute 
traumatic brain injury. Am J Psychiatry, 1992, 149: 
918–923.

 32. Lewis, L. and S. Rosenberg, Psychoanalytic psychother-
apy with brain-injured adult psychiatric patients. J Nerv 
Ment Dis, 1990, 178: 69–77.

 33. Paul, S., Anxiety and depression: A common neuro-
biological substrate? J Clin Psychiatry, 1988, 49(Suppl): 
13–16.

 34. Preston, G.C. et al., Effects of lorazepam on memory 
attention and sedation in man: Antagonism by Ro 
15-1788. Psychopharmacology (Berl), 1989, 91: 222–227.

 35. Stein, M. and T.W. McAllister, Exploring the convergence 
of posttraumatic stress disorder and mild traumatic 
brain injury. Am J Psychiatry, 2009, 166(7): 768–776.

   This article discusses two very important issues: PTSD 
and mild traumatic brain injury. The paper brings out the way 
the two are related and assessed.

 36. Kessler, R.C. et al., Posttraumatic stress disorder in the 
National Comorbidity Survey. Arch Gen Psychiatry, 1995, 
52: 1048–1060.

 37. Ursano, R., C. Fullerton, and R. Epstein, Acute and 
chronic posttraumatic stress disorder in motor vehicle 
accident victims. Am J Psychiatry, 1999, 156(4): 589–595.

 38. Schneiderman, A., E. Braver, and H. Kang, Understanding 
sequelae of injury mechanisms and mild traumatic 
brain injury incurred during the conflicts in Iraq and 
Afghanistan: Persistent postconcussive symptoms and 
posttraumatic stress disorder. Am J Epidemiol, 2008, 167: 
1446–1452.

 39. Lee, Y. et al., Decreased blood flow of temporal regions of 
the brain in subjects with panic disorder. J Psychiatric Res, 
2006, 40: 528–534.

 40. Breslau, N. et al., Trauma and posttraumatic stress disor-
der in the community: The 1996 Detroit Area Survey of 
Trauma. Arch Gen Psychiatry, 1998, 55(7): 626–632.

 41. Friedman, M. et al., Pharmacotherapy. In Effective 
Treatments for PTSD: Practice Guidelines from the Inter-
national Society for Traumatic Stress Studies, E.B. Foa, T.M. 
Keane, and M.J. Friedman, eds. New York: Guilford 
Press, 2000, pp. 245–268.

   The importance of this paper presented by a group of 
experts was developed in order to publish Practice Guideline 
for effective treatments of PTSD.

 42. Capruso, D.X. and H.S. Levin, Cognitive impairment 
following closed head-injury. Neurol Clin, 1992, 10(4): 
879–893.



436 Complications in Surgery and Trauma

© 2008 Taylor & Francis Group, LLC

 43. Goldstein, F.C. et al., Neurobehavioral consequences of 
closed-head injury in older adults. J Neurol Neurosurg 
Psychiatry, 1994, 57(8): 961–966.

   This article is a good review of the many neurobehavioral 
deficits following a traumatic brain injury in adults. Discusses 
the kind of cognitive and behavioral issues that are typically 
seen in this patient population.

 44. Levin, H.S., Neurobehavioral outcome of closed-head 
injury: Implications for clinical trials. J Neurotrauma, 
1995, 12(4): 601–610.

 45. Nott, M., C. Chapparo, and I. Baguley, Agitation follow-
ing traumatic brain injury: An Australian sample. Brain 
Inj, 2006, 20(11): 1175–1182.

 46. Kant, R., J. Duffy, and A. Pivovarnik, Prevalence of apa-
thy following head injury. Brain Inj, 1998, 12: 87–92.

 47. Jorge, R.E., R.G. Robinson, and S. Starkstein, Manic syn-
dromes following traumatic brain injury. Am J Psychiatry, 
1993, 150(6): 916–921.

 48. Jorge, R.E. et al., Secondary mania following traumatic 
brain injury. Am J Psychiatry, 1993, 150(6): 916–921.

 49. Davison, K. and C. Bagley, Schizophrenia-like psycho-
sis associated with organic disorder of the CNS. Br J 
Psychiatry, 1969, 4: 113–184.

 50. Jorge, R. and R.G. Robinson, Mood disorders following 
traumatic brain injury. Int Rev Psychiatry, 2003, 15(4): 
317–327.

 51. Jorge, R. et al., Comparison between acute- and delayed-
onset depression following traumatic brain injury. 
J Neuropsychiatry, 1993, 5(1): 43–49.



© 2008 Taylor & Francis Group, LLC

Section IX

Burns and Wound Healing
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For truly, if a man had a dangerous wound, the 
longer he waited to cure himself the more would 
it fester and hasten him toward his death; and 
also the wound would be but the harder to heal.

Geoffrey Chaucer (Canterbury Tales, 
The Parson’s Tale; ∼1400)

Wound repair is a common theme for all surgical subspecial-
ties. The principles of wound closure and tissue handling that 
are practiced by a plastic surgeon should be no different from 
those practiced by a cardiac or minimally invasive surgeon. In 
spite of years of research in areas of both deficient wound repair 
in chronic nonhealing wounds and excessive fibroproliferation 
in hypertrophic scars and keloids, we still know very little about 
the cellular and molecular processes required for normal wound 
repair and have not yet succeeded in controlling responses to 
injury. As surgeons, we must use clinical judgment and good 
technique to optimize our patients’ results. This chapter pres-
ents a brief outline of what is known about concepts related to 
normal wound healing and addresses a few of the complications 
and failures associated with the repair processes.

40.1  Continuum of Normal Wound 
Repair Processes

Tissue repair begins immediately after injury. The 
immediate hemostatic response involves micro-

vasculature constriction coupled with coagulation. 
Extrinsic and intrinsic coagulation pathways combine 
with platelet accumulation to complete hemostasis 
and to provide the provisional matrix scaffolding for 
cellular migration.

The coagulation cascade, initiated by tissue factors, 
culminates in thrombin-mediated cleavage of fibrino-
gen to fibrin, which forms the structure for a clot. Factor 
XIII, the enzyme known to cross-link fibrin and other 
matrix molecules, stabilizes this provisional wound 
matrix [1,2]. The activated enzymes of the plasmino-
gen system, secreted by inflammatory and resident 
cells in the wound, cleave plasminogen to plasmin. 
Plasminogen activator inhibitors regulate the plasmino-
gen system and assure that the clot is not resolved too 
rapidly. Exogenous plasminogen activator may promote 
the conversion of the zone of stasis in an acute burn 
wound to a zone of hyperemia [3].

Vasodilation and capillary leak with neutrophil 
infiltration into the tissue follow the transient vascu-
lar constriction. Neuropeptides derived from sensory 
nerves contribute to microvascular dilatation and cap-
illary leak. Neuropeptides indirectly induce mast cell 
degranulation of histamine [4], induction of cytokines 
and adhesion molecules by keratinocytes and endothe-
lial cells, chemotaxis of neutrophils, and proliferation 
of fibroblasts [5]. Serotonin, histamine, bradykinin, and 
the arachidonic acid–pathway products (prostacyclin 
and leukotrienes) prolong vasodilation and capillary 
permeability [6].
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Endogenous cells are important contributors to cuta-
neous inflammation. “Skin-associated lymphoid tissue” 
includes bone marrow–derived cells, such as Langerhans 
cells, dermal dendrocytes, keratinocytes, and microvas-
cular endothelial cells [7]. Keratinocytes, the major cells 
comprising the epidermis, synthesize cytokines, includ-
ing interleukin-1, interleukin-8, interleukin-6, monocyte 
chemoattractant protein-1, and tumor necrosis factor 
(TNF). Dermal microvascular endothelial cells not only 
synthesize interleukin-6 and monocyte chemoattrac-
tant protein-1 but also regulate neutrophil migration by 
increasing the production of cell surface adhesion mol-
ecules ICAM-1, VCAM, and E-selectin. These adhesion 
molecules bind to circulating neutrophils and facilitate 
neutrophil margination into the wound.

Prior to margination into the extravascular space, neu-
trophils plug the capillaries, thereby increasing inflam-
mation and potential tissue ischemia. In burn wounds, 
neutrophil-mediated reperfusion injury may cause the 
zone of stasis to convert to a zone of coagulation, which 
will not heal.

The interaction of inflammatory mediators after tis-
sue injury is at best complicated. The arachidonic acid 
pathway, the kinin system, the complement system, and 
oxidative processes potentiate microvascular perme-
ability, activate neutrophils, and contribute to matrix 
degradation. Oxidative byproducts and TNF contribute 
to the antimicrobial activity at wound sites. Whereas 
attempts to modulate these pathways in in vitro studies 
and animal studies have been promising, disappoint-
ing results of clinical trials attest to the complexity and 
probable redundancy in the inflammatory web.

A growing body of evidence suggests the therapeu-
tic potential of multipotent mesenchymal stem/stromal 
cells (MSCs) in the treatment of acute and chronic 
wounds [8]. These cells are typically defined as plastic-
adherent cells of fibroblast-like morphology with the 
capacity for multipotent differentiation in vitro. Whereas 
their contribution to tissue repair by both differentiation 
and paracrine signaling is possible, the latter is thought 
to be the predominant mechanism as MSCs have low 
engraftment efficiency, and MSC-conditioned medium 
has similar effects on wound repair as MSCs.

Angiogenesis is widely thought to be mandatory 
for normal wound repair. Granulation tissue provides 
clinical evidence that a wound is healthy and is ready 
for closure. However, no study has demonstrated that 
angiogenesis is necessary; two reports suggest that 
angioinhibition does not prevent excisional wound 
closure [9,10]. Conversely, increasing angiogenesis 
has been shown to decrease healing times as well as 
decrease wound size in a murine model [11]. Grafts and 
tissue flaps require angiogenesis for engraftment. The 
delivery of oxygen and nutrients to the wound occurs 
for a few days by imbibition—or diffusion; however, 

graft take requires neovascularization, which occurs 
by connection between existent capillaries in the graft 
and in the wound bed—a process known as inoscula-
tion. Soluble growth factors, including vascular endo-
thelial growth factor (VEGF), fibroblast growth factor 
(FGF), platelet-derived growth factor (PDGF)-BB, and 
transforming growth factor (TGF)-α, induce endothe-
lial cell proliferation and migration. Growth factor 
receptors are tightly regulated and may be influenced 
by endothelial cell interactions with extracellular 
matrix molecules.

Wound closure is defined as complete restoration of 
the epithelial layer. Epithelialization restores the pro-
tective barrier with fluid maintenance, temperature 
regulation, and prevention of microbial invasion. It 
probably represents a transition in the inflammatory 
state of the wound. Many studies have demonstrated 
that epidermal–dermal interactions regulate morpho-
genetic processes such as fetal skin development and 
wound repair [12,13]. The epidermis responds to mes-
enchyme-derived mediators [14], and migrating kerati-
nocytes in the advancing epidermal tongue appear to 
promote dermal inflammation by secreting cytokines 
and growth factors. Evidence for an epidermal influence 
on the inflammatory response includes not only experi-
mental data about keratinocyte biology in culture and 
in wound models [15] but also clinical observations that 
partial-thickness wound coverage with a viable biologi-
cal dressing, such as allograft, eliminates granulation 
tissue formation and promotes healing [16].

Clinicians know that full-thickness wounds heal 
from the edges and that partial thickness wounds heal 
from the remnants of epidermal appendages in the 
wound bed. The advancing epithelial tongue migrates 
for approximately 1 cm before it stops migrating and 
heaps up at the edge of the wound. Keratinocyte migra-
tion is dependent on the underlying matrix, which may 
promote cell migration or anchorage. Compton et al. 
have determined that cultured epithelial grafts display 
poorly formed anchoring fibers comprising immature 
collagen VII fibrils for approximately 12 months after 
grafting [17], which correlated with the time that the 
patient stopped blistering. Therefore, manipulation of 
the underlying matrix or keratinocyte receptors may 
constitute a treatment approach to a long-term rehabili-
tative problem.

The application of exogenous PDGF, FGF, and TGF-α 
increases epithelialization in diabetic mice with abnor-
mal healing responses. However, the administration of 
exogenous growth factors to chronic wounds in human 
clinical trials has had limited success [18]. Studies about 
the temporal and spatial relationships of growth factors 
and growth factor receptors in normal and impaired 
wounds are essential before we can ethically treat 
human burns with costly recombinant growth factors.
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Whereas an epithelialized wound is considered to 
be “healed,” fibrogenesis, critical for long-term wound 
appearance and strength, continues for much longer. 
From the time of the initial injury, the dermal mesen-
chyme undergoes constant change. Remodeling occurs 
as a continuum in healing wounds—beginning with 
dissolution of the fibrin clot and ending with the mature 
wound, 12–24 months later. The provisional matrix 
molecules fibrin, thrombin, fibronectin, and vitronec-
tin promote cellular migration and proliferation for 
angiogenesis and fibrogenesis in the early wound. As 
fibroblasts migrate into the wound from the margins, 
they synthesize collagen. The deposition of collagen III 
and subsequently collagen I results in a basket-weave 
distribution that typifies dermal scar [19]. As the wound 
matures, collagen I fibrils are cross-linked into cables, 
thereby increasing the dermal breaking strength. 
Regardless, the tensile strength of a wound never meets 
that of uninjured skin.

Centrifugal forces in the center of the wound cause 
wound contraction, which significantly contributes 
to wound closure. Myofibroblasts—highly differenti-
ated fibroblasts characterized by intracellular smooth 
muscle actin filaments—are involved in the contractile 
mechanism [20]. The extreme of wound contraction is 
contracture—an abnormal scarring process that nega-
tively impacts joint motion. Even with constant atten-
tion to stretching, exercising, and splinting diminishes 
contracture development, surgical release to restore 
normal function may be necessary.

With scar maturation, the epidermis also continues to 
undergo changes. Melanocytes migrate from the wound 
edge and from the epidermal appendages soon after the 
keratinocytes. Repigmentation can be unpredictable 
and may result in either increased or decreased mela-
nin in partial-thickness wounds. Clinicians must advise 
patients that exposure to ultraviolet rays may exacer-
bate pigmentation changes in the wound and that topi-
cal bleaching agents may cause chemical burns to the 
recently injured skin.

Patients with healing partial-thickness wounds com-
plain of pruritus even 5 and 10 years after injury [21]. 
Hypertrophic scars, which are classically very pruritic, 
have increased numbers of sensory nerves compared to 
normal scars and uninjured skin as well as higher levels 
of substance P, a neuropeptide that stimulates histamine 
release by mast cells [22].

40.2 Types of Wounds

Incisional wounds or lacerations involve linear separa-
tion of the epidermis, the dermis, and sometimes the 

subcutaneous tissue. Primary closure of these wounds 
can generally be performed surgically. In the event of 
a traumatic stellate laceration, the wound edges may 
need to be trimmed; the wound should then be closely 
inspected for foreign bodies and irrigated liberally.

Partial-thickness wounds involve removal of the epithe-
lium and the superficial dermis (papillary dermis). Most 
of the dermis and the epithelial appendages remain in 
the wound bed. Wound closure occurs by epithelial pro-
liferation and migration from the hair follicles and sweat 
glands. Examples of partial-thickness wounds are scald 
burns and donor sites for split-thickness skin grafts.

Full-thickness wounds involve the destruction of all 
layers of the skin. These wounds close by contraction 
and by epithelial proliferation and migration from the 
wound edge. An advancing epithelial tongue gener-
ally can migrate 1 cm; thus, a quarter-sized wound is 
roughly the largest wound that can heal by epitheliali-
zation alone. Examples of full-thickness wounds include 
avulsion injuries, necrotizing soft tissue skin infections, 
and electrical injuries.

Chronic nonhealing wounds are those that do not heal 
within 3 months after injury. They usually involve 
impairment in epithelial migration coupled with 
poor dermal regeneration. Epithelial cell proliferation 
appears to be adequate in many chronic wounds 
because the epithelial tongue at the wound edge heaps 
up with a raised rim of epithelium. Furthermore, pro-
inflammatory cytokines are highly upregulated in 
chronic wounds, leading to a constant state of inflam-
mation. Whereas no single cause of the impaired heal-
ing response has been identified, infection, impaired 
vascular supply, and inadequate oxygen delivery have 
been implicated.

Additionally, bacterial biofilms may represent a source 
for persistent inflammation in chronic wounds. Potential 
mechanisms include a biofilm generating excessive 
amounts of receptor substrate, thereby overwhelming 
the receptor and leading to increased expression of the 
pro-inflammatory cytokines as well as upregulation of 
protease activity leading to tissue destruction [23].

40.3 Wound Closure and Coverage

Whether a wound can be closed by suturing or requires 
alternative wound coverage depends on the type of 
wound, the level of contamination, and the size of the 
wound.

Primary wound closure involves surgical wound closure 
with direct approximation of the wound edges using 
sutures, staples, glue, or tape soon after the wound has 
been created. Wounds amenable to primary closure 
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include most surgical incisions and fresh lacerations. 
Lacerations on the face can be safely closed primarily 
within 6 h after injury. Lacerations in other anatomic 
sites with less vascular supply should be closed sooner.

Delayed primary wound closure involves surgical clo-
sure of a wound 1–5 days after injury. Indications for 
delayed primary closure include grossly contaminated 
surgical wounds (abdominal wounds with intraopera-
tive fecal spillage) and lacerations contaminated with 
foreign matter or bacteria. The closure of human bite 
wounds should be delayed unless the wounds are on 
the face. Wound Vac® therapy is frequently used in the 
treatment of wounds without a definitive reason for its 
effectiveness. The question of cost benefit is still unclear 
in spite of reduced nursing care and likely increased pat-
ent comfort related to decreased frequency of dressing 
changes. A recent Cochrane review found no evidence 
as to the effectiveness of negative-pressure therapy on 
wound closure for wounds that would otherwise be 
expected to heal by primary intention. They also noted, 
as a point of caution, the high incidence of fracture blis-
ters when negative-pressure therapy was used following 
orthopedic surgery [24]. This negative-pressure system 
promotes cellular ingrowth into the deeper wound and 
reduces tissue edema. It has also been shown to increase 
expression of VEGF and FGF-2 in a murine model. The 
sponge attached to a vacuum pump can be applied to 
a granulating deep wound to promote closure of dead 
spaces; it can also be applied directly to a skin graft to 
increase graft adherence to the wound bed [25].

Closure by secondary intention involves spontaneous 
healing of the wound without surgical closure. Generally, 
the wound granulates and contracts with limited epi-
thelialization; a skin graft is often required. Infected 
abdominal wounds with dehiscence of the rectus abdo-
minus fascia and evisceration of the bowel benefit from 
closure of the fascia with secondary skin closure, often 
involving skin grafting secondary skin closure often 
involving skin grafting.

40.4 Surgical Technical Principles

Incision orientation should follow the natural skin creases 
to minimize tension on the scar. Incisions along tension 
lines subsequently minimize contracture and are hidden 
in the natural body contours. This concept also applies to 
skin graft placement. The outcome of grafts can be supe-
rior when the junctures are placed parallel to the skin 
lines rather than at angles to the lines; placement at angles 
accentuates the appearance of an abnormal surface mark-
ing. Incisions on the extremities should zigzag across a 
joint to break up a linear scar and avoid joint contracture.

Hemostasis must be meticulous to prevent the devel-
opment of hematomas, which increase the likelihood of 
healing complications by increasing the risk of infection 
and causing a fibroplastic reaction. Hematomas prevent 
vascularization of flaps or skin by mechanically sepa-
rating the wound bed from the graft.

Biological dressings and skin substitutes are important 
means of closing wounds that will not epithelialize. 
Different types of permanent or temporary dressings 
exist; several are discussed later.

Autograft, a sheet of the patient’s own skin, is the 
gold standard for coverage of a nonhealing wound. For 
burns, early excision and autografting of deep dermal 
or full-thickness burns decrease hospital length of stay 
and time away from work or school; this procedure also 
reduces scarring [26]. Thicker grafts contract less and 
are more durable than thinner grafts but do not “take” 
as well. The optimal thickness of the graft and the need 
for meshing to expand the size of the graft depend on 
the site of the wound. Whereas thicker grafts may be 
ideal, they are not always practical because of lack of 
donor sites or donor site complications. Planning a sur-
gical approach to wound coverage must include decid-
ing when covering the wound is important enough to 
risk donor site complications. Like other wounds, deep 
donor sites result in deep dermal injury, which can 
lead to scarring complications. Wounds on the palm 
are ideally treated with full-thickness grafts. Likewise, 
wounds on the face or the dorsal side of the hands ben-
efit from full- or partial-thickness sheet grafts. Sites that 
are cosmetically or functionally less important can be 
treated with thinner grafts.

Allograft or homograft is a graft from one person to 
another. This “cadaver skin” is harvested just as are 
other tissues from organ donors. In general, allograft is 
available as frozen sheet grafts. Because the sheets have 
been frozen, cellular viability is limited [27]. The tissue 
is viable enough to engraft, but the keratinocytes do not 
proliferate or migrate across a wound bed. Because the 
grafts do “take,” they undergo rejection, which leads 
to a substantial inflammatory response. Indications for 
the use of allograft include temporary wound coverage 
until a donor site can be found and testing a wound bed 
to determine whether an autograft would engraft.

Xenograft is harvested from a different species. In 
the United States, the most commonly used xenograft 
is pigskin, which is available as frozen sheet grafts. 
Xenograft adheres to the wound but does not engraft. 
Xenograft can be successfully used to test wound bed 
viability and as an overlay over widely meshed auto-
graft. Xenograft also provides an excellent biological 
coverage for uniformly shallow wounds in patients 
with toxic epidermolysis necrosis; as the wound epi-
thelializes, the xenograft lifts off the surface of the 
wound.
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Integra® is a commercially available dermal substitute 
with a temporary outer silastic layer that “closes” the 
wound while autologous fibroblasts migrate into the 
matrix formed by synthetic collagen I and chondroitin-
6-sulfate. Once the dermal layer has vascularized, the 
silastic layer can be removed and an ultrathin auto-
graft can be applied. The advantages of Integra are the 
creation of a pliable neodermis and the use of thinner 
grafts; these thinner grafts result in shallower donor 
sites that heal quickly and scar less [28]. Use of Integra 
compared to cadaveric dermal substitutes in pediatric 
burn patients has been shown to attenuate the hyper-
metabolic state seen postinjury and result in aestheti-
cally improved scars at 12 and 24 months postinjury [29]. 
Integra requires fastidious surgical excision and periop-
erative wound care. As familiarity with the product has 
grown, the use for scar revisions and reconstruction has 
expanded.

AlloDerm® (BMI, FL) is a commercially available der-
mal substitute derived from allografts that have been 
processed to remove the epidermis at the basement 
membrane and to remove all dermal cells to prevent 
rejection and graft failure. Because this material is com-
posed of uninjured human dermis, it is conceptually 
attractive. The use of AlloDerm requires simultaneous 
application of a thin skin graft or cultured epithelial 
cells. AlloDerm is commonly used in postmastectomy 
breast reconstruction and complex abdominal wall 
reconstruction.

Apligraf ® (Organogenesis, Inc., Canton, MA) is a con-
struct of collagen I with allogeneic human neonatal fore-
skin keratinocytes and fibroblasts. The fibroblasts are 
interspersed into prealigned collagen fibrils to create a 
dermis-like synthetic layer. Keratinocytes are seeded on 
the surface of the graft to create a multilayered skin sub-
stitute. Apligraf has been primarily marketed and suc-
cessfully used for the treatment of nonhealing venous 
stasis and diabetic ulcers.

Tissue transfer of vascularized tissue may be neces-
sary to cover deep tissue defects that will not take a 
skin graft because of exposed, poorly vascularized vital 
structures—such as nerves, tendons, vessels, or bones—
and that are not amenable to other closure techniques. 
The ability to transfer complex and vascularized tis-
sues, whether skin, fat, fascia, muscle, or bone, singly 
or in various combinations, allows for optimal tissue 
restoration. The size and location of the defect dictate 
the source of the tissue, which should have form and 
function similar to those of the missing tissue. When 
the donor tissue is available adjacent to the wound, 
advancement or rotation flaps provide a reliable method 
of closing both the defect and the donor site. When local 
tissue availability is limited, as in the head and neck, or 
when the defect is large, as with the extirpation of large 
recurrent cancers, distant tissues must be used. In the 

past two decades, numerous free flaps containing com-
binations of skin, fascia, fat, muscle, and bone have been 
created; the territories of these flaps can be completely 
perfused by a single artery and vein. The transfer is 
accomplished by microsurgical anastomosis of pedicle 
arteries and veins that may be 1–2 mm in diameter. The 
use of local and distant free flaps has favorably affected 
the treatment of patients with chronic wounds and has 
facilitated reconstruction after trauma and extirpative 
surgery.

40.5 Risk Factors for Abnormal Wound Repair

Every medical student learns the acronym “FRIEND” 
with regard to nonclosing fistulas. The words whose 
initial letters comprise this term also apply in some 
respects to wound complications: foreign body, radia-
tion, inflammation, epithelialization, neoplasia, and 
distal obstruction (although for cutaneous wounds, 
“diabetes mellitus” might be a more appropriate term).

Foreign bodies, whether small (glass fragments) or 
large (sutures and drains), disrupt wound closure 
(Figure 40.1a). Removal of large foreign bodies (such 
as bullets) in the deep tissue may be contraindicated if 
the dissection would cause excessive injury to the tis-
sues. On the other hand, aggressive efforts should be 
made to remove superficial dirt or tar from skin abra-
sions because these foreign bodies can cause infections 
or permanent pigmented tattoos in the healed wounds.

Radiation kills the rapidly proliferating cells that 
repopulate the wound bed; killing these cells leads to 
an impaired response to injury. Decreased angiogen-
esis results in tissue ischemia, and reduced keratino-
cyte proliferation and migration lead to inadequate 
epithelialization. Dense collagen production, combined 
with decreased cellular proliferation, results in a hard 
yet fragile wound that is easily disrupted. Incisional 
wound strength is markedly diminished, and second-
ary closure of an open wound may be delayed or may 
lead to a chronic wound. Patients with rectal cancers 
that have been treated with preoperative radiation fol-
lowed by abdominoperineal resection are at a particu-
larly high risk of chronic draining perineal wounds. A 
study by Chessin and colleagues showed benefit from 
tissue transfer of viable rectus abdominus muscle flaps 
into the wound bed [30].

Infection complicates healing of preexisting wounds 
such as burn wounds or donor sites or can be the direct 
cause of wounds such as carbuncles and hidradenitis. 
Bacteria colonize the skin under normal conditions. To 
guide clinical management, surgeons have traditionally 
classified wounds as clean (surgical incisions and simple 
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lacerations), contaminated (bites, bowel injuries, and 
open fractures), or dirty (abscesses). Whereas quantita-
tive bacterial counts less than 105 bacterial colonies per 
gram of tissue do not affect the response to acute injury, 
higher counts will invariably lead to wound breakdown 
[31]. Intra-abdominal infection is associated with fas-
cial dehiscence, a disease process that increases both 
the morbidity and mortality of the original operation 
and results in an abdominal wall hernia. Osteomyelitis, 
or bony infection, following traumatic injury such as 
open fractures of the tibia or fibula causes substantial 
morbidity. After cardiac bypass surgery, sternal osteo-
myelitis can complicate surgical results when the left 
internal mammary artery is used to vascularize the 
heart. In 2%–4% of the population, this condition results 
in inadequate vascular supply to the remaining inferior 
sternum. Without bacterial seeding, the result is limited 
to sterile nonunion of the sternal wound. However, bac-
terial infection of the wound results in life-threatening 
mediastinitis, which requires immediate debridement 

of the devitalized sternum followed by coverage with 
healthy vascularized tissue.

Neoplasia should always be suspected when there is 
no known cause for chronic nonhealing wounds. The 
debridement of chronic wound should include patho-
logic evaluation to rule out neoplasm. Marjolin’s ulcer in 
an old burn wound is the classic example of an aggres-
sive squamous cell cancer in a nonhealing wound. 
Alternatively, neglected breast cancer or squamous cell 
cancer can result in fungating, open, draining wounds 
(Figure 40.1b).

Diabetes mellitus is an important risk factor for wound 
healing. Sensory neuropathy and microangiopathy 
increase the incidence of nonhealing wounds in the 
lower extremities (Figure 40.1c), and hyperglycemia also 
increases the risk of wound infection, which contributes 
to wound breakdown.

In addition to these commonly recognized causes 
of delayed healing, other important risk factors and 
comorbidities can affect the response to injury. Details 
about these factors should be collected during the initial 
history taking and physical examination.

Nutrition can often be overlooked because so many 
persons eat well-balanced diets. According to the 
Centers for Disease Control and Prevention, the inci-
dence of rickets increased in the United States in 2001 
because of vitamin D deficiency; therefore, we need to 
remain cognizant of our patients’ nutritional status. 
Additionally, with our current obesity epidemic in the 
United States, clinicians must remember that obese 
patients frequently present with micronutrient deficien-
cies despite appearing well fed [32,33]. Essentially, all 
vitamins, minerals, and trace elements play an essen-
tial cellular or enzymatic role, crucial for normal wound 
healing. Vitamin C deficiency leads to dermal scar 
degeneration during the remodeling stage because pro-
lyl hydroxylation, a necessary step in collagen synthe-
sis, is dependent on vitamin C. Vitamin A is involved 
in collagen synthesis and is essential for keratinocyte 
differentiation. Vitamin E deficiency leads to immune 
dysfunction. Vitamin K deficiency should be suspected 
in patients with fat malabsorption because deficiency 
can lead to bleeding and wound hematomas. Zinc defi-
ciency leads to delayed epithelialization, reduced ten-
sile strength, and increased infection.

Vascularity is crucial insofar as oxygen delivery is nec-
essary for normal wound healing. Revascularization can 
aid and abet the closure of wounds on ischemic limbs. 
Recent studies have observed normal wound closure in 
the face of angioinhibition [9,10]; thus, the ultimate role 
of wound microvascularity may require reevaluation. 
Increased vascularity in granulation tissue probably 
contributes to excessive scar formation. One caveat is 
that granulation tissue, a hallmark of a healing wound, is 
replete with bacterial contamination and inflammatory 

(c)

(b)(a)

FIGURE 40.1
Risk factors for wound complications: (a) Foreign bodies protruding 
through the skin not only prevent healing of the entrance site but 
also constitute a risk for infection. Intraoperative removal of foreign 
bodies should involve not only evaluation of the deep tissues but 
also aggressive irrigation and debridement of the wound track. This 
wound should not be closed primarily. (b) Neglected breast cancer 
may present as a fungating, open, draining wound. The debride-
ment of a chronic wound should include pathologic evaluation of the 
tissue to rule out a neoplasm. (c) Diabetic ulcers have multifactorial 
causes, including microangiopathy and neuropathy. Twenty percent 
of patients with these chronic nonhealing wounds undergo amputa-
tion of the extremity.
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proteases that can reduce graft take. Granulation tissue 
is also a precursor of hypertrophic scaring.

Genetic conditions are rare but should be considered 
when patients have fragile skin, poor wound strength, 
easy wound disruption, or spontaneous large-vessel 
nonatherosclerotic aneurysms. The most common 
genetic disturbances that alter dermal response to 
injury are the seven distinct variants of Ehlers–Danlos 
syndrome and Marfan’s syndrome. Patients with 
Ehlers–Danlos syndrome have very thin skin with 
marked diminution of the dermis; extra caution must 
be taken with these patients to ensure careful tissue 
handling and wound closure. Proper testing should be 
undertaken if there is any clinical suspicion of a previ-
ously undiagnosed genetic connective tissue disorder. 
Blistering disorders such as epidermolysis bullosa may 
be more clinically obvious, and special attention should 
be paid to wound care.

Genetic variants have also been implicated as risk fac-
tors for the development of abnormal scar patterns and 
poor healing. Unlike the aforementioned syndromes, 
these DNA mutations, which are relatively common 
in the general population, have not been shown to be 
causative. Rather, they have been shown to be present in 
greater percentages among those patients with specific 
scarring or healing phenotypes. Examples include single 
nucleotide polymorphisms (SNPs) that have been asso-
ciated with the development of keloids [34,35] as well as 
several SNPs that have been associated with increased 
risk of chronic venous leg ulcers [36]. Conversely, one 
study identified a variant associated with shorter heal-
ing time in venous ulcers following superficial venous 
surgery [37].

Advanced age has been found to be associated with 
impaired wound healing, specifically a delay in wound 
repair response [38]. Exercise has been found to improve 
wound healing in elderly mice and humans though the 
mechanism for this observation has not been elucidated 
[39]. Hormones have been implicated in the age-related 
delay in healing. Hardman and Ashcroft found that 
gene expression differences between wounds in elderly 
and young males were almost exclusively regulated by 
estrogen [40]. Both systemic and topical application of 
estrogen has been found to accelerate healing in both 
elderly men and women by reducing the inflammatory 
response [41,42]. Conversely, castration in wounded 
elderly mice accelerated healing as did androgen recep-
tor blockade in elderly humans by directly inhibiting 
TNF-α expression by macrophages [43].

Pressure and other mechanical forces such as shear 
and friction frequently compromise skin integrity for 
patients with neuropathy, including diabetes mellitus, 
spinal cord injuries, and head injuries. Education to 
both patients and caregivers about the methods to avoid 
pressure ulcers, such as frequent repositioning, and the 

catastrophic consequences of lesions are essential pre-
ventative measures.

Pharmacologic agents are also notorious for altering 
the response to injury.

Corticosteroids inhibit the inflammatory response that 
is crucial for normal wound repair. Corticosteroids also 
repress the action of the enzyme prolyl hydroxylase; 
this repression leads to decreased collagen cross-link-
ing and weaker incisional wounds. Corticosteroids have 
been found to decrease the levels of type III and type I 
tropocollagen as well as decrease the concentrations of 
collagenase [44].

Colchicine, a common anti-rheumatologic agent known 
for its anti-inflammatory effects, decreases wound con-
traction and wound strength. Clinical reports of delayed 
healing in patients treated with colchicine abound [45]. 
This agent has been touted as an effective treatment 
for keloids; a prospective randomized study of keloid 
treatments demonstrated that postoperative colchicine 
prevented recurrence in 32% of cases [46]. Recognized 
effects of this agent include inhibition of cell prolifera-
tion and migration, microtubule disruption, and altered 
collagen synthesis. At best, our knowledge about the 
effects of colchicine on collagen metabolism is muddy. 
Most findings support the idea that colchicine sup-
presses the production of type I collagen but stimu-
lates the production of collagenase [47]. Conversely, 
colchicine has been found to decrease the production of 
macrophage-derived collagenase. The direct effects of 
colchicine on wound repair processes must be clarified.

Anticoagulants can often be associated with the for-
mation of postoperative hematomas, a formidable and 
easily preventable complication. Patients taking thera-
peutic Coumadin® are especially at risk of periopera-
tive bleeding because the effect of Coumadin is not 
quickly reversible. These patients should be switched to 
heparin therapy preoperatively to facilitate correction of 
the coagulation diathesis in the event of perioperative 
bleeding. Other agents that interfere with platelet adhe-
sion include aspirin, nonsteroidal anti-inflammatory 
drugs, and the long-chain carbohydrates such as dex-
tran, which are commonly used by microvascular sur-
geons for tissue transfers.

Naturopathic agents present an increasingly confound-
ing variable in treating patients [48]. Whereas surgeons 
routinely obtain a list of the medications their patients 
are taking before surgery and instruct patients to hold 
medications that may interfere with hemostasis, non-
prescription drugs may not be captured in the history. 
Knowing that a patient takes naturopathic medications 
such as Gingko biloba may be essential. Gingko biloba ranks 
as the fourth most commonly used herbal therapy in 
the United States [49]. This particular medication, which 
is used to treat a wide variety of symptoms including 
dementia, memory loss, headache, sexual dysfunction, 
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depression, and premenstrual syndrome, has been asso-
ciated with spontaneous [49] and perioperative bleeding 
[50], possibly because of inhibition of platelet-activating 
factor and reduced platelet aggregation.

40.6 Surgical Tissue Injury

Crush injury should be avoided during surgical pro-
cedures by gentle tissue handling and the use of non-
crushing instruments. To avoid ischemia of the outer 
layer of the skin, the surgeon should take care to pick 
up the subcutaneous tissue or the dermis rather than 
the epidermal layer.

Tension can be excessive, especially when running 
sutures are used. The temptation to pull tightly on the 
suture to approximate the wound edges will probably 
result in tissue ischemia and may lead to wound dehis-
cence, especially on fascia closures. An appropriate 
motto should be “approximate, do not strangulate” [51]. 
Sutures or staples left in for too long lead to permanent 
scarring because of both the crushing effect and the ten-
sion on the skin.

Dog ears, often encountered when elliptical incisions 
are being closed, result from excess skin and subcutane-
ous fat at the two edges of the closure. Removal involves 
upward traction with a single skin hook perpendicular 
to the skin at the end of the incision. In upward traction, 
a semicircular incision (180°) is made around the base of 
the excess skin down to the subcutaneous fat. The cut 
skin margin is rotated and pulled away from the initial 
incision at a 90° angle, until the dog-ear deformity has 
been resolved. The remaining upper edge of the excess 
skin is transected to provide optimal resection of the 
dog ear. Removal of a dog ear leads to a longer final inci-
sion but an overall more appealing cosmetic result.

Scar revision should not be undertaken earlier than 
1 year after the injury. The reason for this delay derives 
from the observation that tissue remodeling occurs for 
as long as 1–2 years after closure of the wound. Often, 
the incision looks worst (raised and hyperemic) 2–3 
months after closure. With time, most of these raised 
and red wounds recede and fade without interven-
tion. Whereas waiting for a wound to mature is the 
widely used therapeutic approach for normally healing 
wounds, early scar revision may be justified if patients 
are miserable because of wound pruritus and cosmetic 
unsightliness, especially after deep dermal wounds. For 
hypertrophic scars, intralesional excision and primary 
closure are widely performed.

Z-plasty wound closure is one method of lengthening 
shortened, contracted scars. When linear scars contract, 
shortening of skin and subcutaneous tissues may limit 

motion, especially across joints such as the volar aspect 
of a digit. The Z-plasty requires the presence of adja-
cent mobile unscarred tissue to advance into the scar; 
this procedure lengthens the wound proportionate to 
the amount of advanced tissue (Figure 40.2). A second 
objective in the use of a Z-plasty is to reorient a scar so 
that it is in the lines of skin tension; such reorientation 
will render the scar less noticeable and often narrower.

W-plasty reorients and breaks up a scar to minimize 
contraction. Unlike Z-plasty, W-plasty does not lengthen 
a scar. A long linear scar that runs perpendicular to the 
lines of skin tension may be quite visible and wide and 
can be revised by using a small, repeating up-and-down 
pattern, hence the name W-plasty (Figure 40.2).

40.7  Specific Examples of Wound 
Complications

Keloids are scars that extend beyond the boundaries of 
the original wound with an excessive amount of der-
mal collagen. These cauliflower-like wounds tend to be 
increased in more darkly pigmented individuals and 
are commonly located on earlobes and presternal skin. 
No treatment is uniformly successful for all patients. 
Some therapeutic choices include intralesional steroid 
injection, pressure therapy, or surgical debulking with 
or without postoperative radiation.

Hypertrophic scars resemble keloids clinically, but they 
never extend beyond the boundaries of the original 
wound and they often resolve over a period of 12–24 
months without intervention. They are raised scars 

Z-plasty a

a

b
b

W-plasty

Scar
Incision

lines
Reoriented
incisions

FIGURE 40.2
Scar revisions can be used either to lengthen a contracted inci-
sion (Z-plasty) or to break up the appearance of an unsightly scar 
(W-plasty).
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characterized by pruritus, hyperemia, and warmth. 
Years of research has found that hypertrophic scars are 
associated with extracellular matrix molecules, growth 
factors, and enzymes, but no cellular or molecular cause 
of this undesirable response to injury has been identi-
fied. Hypertrophic scars occur at the same body sites 
where contraction prevails, such as the presternal skin. 
Hypertrophic scars uniformly develop in deep dermal 
wounds that take a long time to heal; this fact suggests 
that the deep dermis or subcutaneous tissue may hold the 
answer to the cause of this scarring. As is true for keloids, 
therapeutic options often provide unsatisfactory results.

Pearls for Avoiding Wound Complications

Preoperative management
Optimize nutrition
Review all medications
Control serum glucose concentrations
Verify adequate vascularity
Intraoperative management
Use skin lines to plan incisions
Avoid surgical tissue injury or excessive tension
Debride all nonviable tissue
Achieve hemostasis
Postoperative management
Avoid pressure from casts and dressings
Diagnose and treat infection early
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Burn injuries present great metabolic, immunologic, and 
mechanical challenges to the human body. Additionally, burn 
injuries are associated with a variety of complications. In this 
chapter, we will discuss the prevention, diagnosis, and treat-
ment of many of these associated complications.

41.1 Complications of Burn Injuries

41.1.1 Definitions

Burns are categorized by the depth of injury. Burns 
involving only the epidermis are first-degree burns and 
require no specific therapy. Burns involving part of but 
not the entire thickness of the dermis are second-degree 
burns. There is a high degree of variability within the 
class of second-degree burns. Superficial second-degree 
burns can be expected to heal spontaneously in as little 
as a few days or in as much as 2–3 weeks, with minimal 
risk of hypertrophic scarring or functional disability. 
Deeper second-degree burns can also close spontane-
ously over longer periods of time but can be expected to 
be associated with significant hypertrophic scarring and 

unstable overlying epithelium, which is prone to blisters 
and injuries from minor trauma. Indeterminate second-
degree burns are those whose appearance defies classifi-
cation by the trained observer or those that are of mixed 
depth and require longer periods of observation before 
the wounds can be clearly defined as deep or superfi-
cial burns. Burns involving the entire thickness of the 
dermis are classified as third-degree or full-thickness 
burns. All of the dermal elements are destroyed and 
the wound can close only by contraction from its perim-
eter. This type of closure may be acceptable when the 
burns are very small, depending on their location, but 
when such burns occur in important functional or cos-
metic areas, closure by contraction leads to unacceptable 
functional outcomes and cosmetic deformities. Excision 
and grafting are generally required for the treatment 
of third-degree burns. Burns involving the muscle fas-
cia and deeper structures are sometimes referred to as 
fourth-degree burns, but this is not a widely used term.

41.1.2 Immediate Complications

The risk of complications begins at the time of burn-
ing. Maneuvers performed to extinguish flames, such 
as rolling on the ground or immersing the wound in 
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standing water, may contaminate the wound. Aeromonas 
infection can occur when the wound is immersed in a 
natural body of water. If water or ice is applied to large 
burns, systemic hypothermia can occur. For this reason, 
cooling maneuvers are recommended only for small 
burns. Efforts to neutralize chemical burns can lead to 
further injury due to the neutralizing agent. However, 
the conventional belief that neutralization is an exother-
mic reaction that will cause further burning has recently 
been challenged in animal studies (unpublished data). 
Failure to recognize the depth of burning can lead 
either to incorrect triage or to delay of appropriate ther-
apy. Immersion burns may have a moist red appearance 
suggestive of a superficial scald; careful observation 
will reveal that these wounds do not blanch and that the 
redness is caused by fixed hemoglobin in a deep wound. 
Some deep-contact burns may have an intact epidermis 
that can easily be rubbed away to reveal the deep under-
lying dermal burn. If this epidermis is left undisturbed, 
the presence of the burn may be unappreciated. If medi-
cal care is not obtained within 24 h after burning, the 
burns may have a coat of proteinaceous exudates, which 
can confound the determination of burn depth.

Burn wounds exist in three dimensions. The area of 
direct exposure to heat will contain the zone of coagu-
lation, that is, the area of the burn that has undergone 
coagulation necrosis. Surrounding this zone in every 
direction is the zone of stasis, a zone of variable protein 
coagulation and impaired circulation that results from 
endothelial injury. This zone is at risk of becoming part 
of the zone of coagulation if the patient is inadequately 
resuscitated or if the wound becomes infected [1].

Commonly, burn patients suffer unnecessarily 
because of inadequate pain control. Effective relief of 
burn pain generally requires opioids; commonly pre-
scribed non-narcotic analgesics are generally inade-
quate. Inadequate pain control may prevent the patient 
from performing adequate wound care and participat-
ing in rehabilitation.

Both early under-resuscitation and over-resuscitation 
are common complications for burn patients. The 
Advanced Burn Life Support (ABLS) program of the 
American College of Surgeons recommends resusci-
tation with 2–4 mL of fluid/kg body weight times the 
percentage of the body surface area that is burned; 
this amount of fluid should be administered over a 
24 h period, half during the first 8 h. Those unfamil-
iar with burns may not appreciate the large volumes of 
fluid required to resuscitate a burn patient, and this lack 
of knowledge can lead to under-resuscitation and its 
consequences of renal failure and multiple organ sys-
tem failure. Conversely, those loosely familiar with the 
need for fluid resuscitation of burn patients are likely 
to injudiciously over-resuscitate, and this problem 
leads to unnecessary degrees of edema that can cause 

local tissue hypoxia in the edematous areas or airway 
obstruction in severe cases.

41.1.3 Infectious Complications

The burn patient is at risk of infection because of 
impaired mechanical, cellular, and humoral host 
defenses. This break in the defensive barrier, coupled 
with contamination, nutritional difficulties, and gut 
effects (bacterial translocation through an already com-
promised, hypoxic mucosal barrier) [2], accounts for the 
incidence of infectious complications.

Both cell-mediated and humoral responses [2] are 
adversely affected in the burn patient. It is thought 
that defects in the lysosomal enzymes and a decrease 
in the production of oxygen radicals account for the 
decrease in the intracellular bacterial killing capacity of 
neutrophils despite normal phagocytic ability [3,4]. The 
activation of the complement system also creates a con-
dition of relative immunosuppression in burn patients 
[5]. The levels of certain cytokines, interleukin-1-beta, 
interteukin-6, interleukin-10, and tumor necrosis factor 
alpha, are elevated in severely burned patients. These 
changes appear to increase susceptibility to infection.

Historically, gram-positive organisms (Streptococci 
and Staphylococci spp.) have been most frequently asso-
ciated with septic death among burn patients. Since 
the advent of penicillin antibiotics and the use of topi-
cal antimicrobial agents, these organisms are rarely the 
cause of death. However, when Streptococci cause burn-
wound infection, there is an increase in pain, erythema, 
and induration [2]. Classically, in these cases, erythema 
originates at the burn-wound margin, and progression 
of the infection to the lymphatics may occur. Penicillin 
is the antibiotic of choice for Streptococcal cellulitis. A 
dreaded complication of Streptococcal infection is the 
conversion of skin graft donor sites to full-thickness 
injury. Streptococcal infection can also result in skin 
graft loss [2]. Staphylococcal infection of burn wounds 
has also been treated with nafcillin, oxacillin, or methi-
cillin. Recent years have seen the development of infec-
tion due to methicillin-resistant Staphylococcus aureus 
(MRSA). Vancomycin is the drug of choice for treating 
this infection [2]. The development of toxic shock syn-
drome, although rare, requires aggressive management 
with antibiotics, intravenous human immunoglobulin, 
and circulatory support. Clostridial infections are rare 
but must be watched for in patients with deep-tissue 
injury. Intravenous antibiotics and early aggressive 
debridement of nonviable tissue are the mainstays of 
infection management.

More recently, the cause of burn-wound infections 
has been predominantly gram-negative bacteria. One 
of the primary pathogens involved in these infections 
is Pseudomonas aeruginosa; these bacteria can invade 
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the burn wound locally and cause sepsis. Early infec-
tion with Pseudomonas can be detected by the classic 
fruity smell of the wound and its dressing and by the 
characteristic green pigment produced by the bacteria. 
Visualization of fluorescence under a Wood’s lamp can 
also be helpful. Subeschar clysis of antibiotics has been 
used in the past to treat invasive burn-wound sepsis, 
but this procedure is rarely used currently in the devel-
oped world, where proper antisepsis, topical antimi-
crobial agents, and early excision of the burn wounds 
make burn-wound sepsis a preventable complication. 
The keys to early recognition of pathogens and the use 
of appropriate antibiotics are the microbial prevalence 
patterns and the antibiotic susceptibility reports of indi-
vidual burn units and centers.

The emergence and increasing incidence of fungal 
infections among burn patients have resulted from 
the increasing use of systemic antibacterial agents and 
effective topical antibacterial burn-wound regimens [2]. 
Although silver sulfadiazine (SSD) is effective against 
Candida, another commonly used topical agent, 
mafenide acetate, allows Candida to overgrow the mar-
gins of the burn wound [6]. Candida species are the most 
common fungal organisms causing burn-wound infec-
tions [2]. Commonly, Candida may be a wound contami-
nant, but when Candida causes a local wound infection, 
nystatin can be used locally. When systemic infection 
with Candida organisms occurs, systemic antifungal 
therapy is necessary. The administration of systemic 
antibacterial agents should be discontinued if possible. 
Early aggressive surgical debridement with rapid cover-
age has also been beneficial in controlling systemic fun-
gal infections [2].

Early burn-wound excision, occurring within the 
first few days after burn injury, aims primarily at 
removal of the dead tissue that stimulates a systemic 
inflammatory response syndrome and prevention of 
infection by temporary or permanent closure of the 
burn wound [7].

41.1.4 Complications of Topical Antimicrobials

A number of topical agents are used in the care of 
burn patients. By controlling infection, effective topi-
cal antimicrobial therapy decreases the conversion of 
partial-thickness to full-thickness wounds, but its use 
is adjunctive to early excision therapy. Some of these 
agents are used in wound-cleansing procedures and 
others as part of the wound dressing. Certain complica-
tions are related to the use of these agents.

Silver nitrate can cause hyponatremia and hypochlo-
remia, and thus serum electrolyte levels must be care-
fully monitored while this agent is being administered. 
This occurs because the silver ion in the silver nitrate 
binds to elemental chlorine ions causing the electrolyte 

imbalance when there is repeated or large-surface appli-
cation of this solution [8,9].

SSD 1% cream, formulated in 1967, has excellent activ-
ity against P. aeruginosa, S. aureus, and other organisms, 
including yeast. The silver ion binds to the microor-
ganism’s nucleic acid, releasing the sulfadiazine that 
interferes with the metabolism of the microbe [10]. 
Mild cutaneous hypersensitivity reactions may occur 
in fewer than 5% of patients [11,12]. A transient leuko-
penia may occur, typically within 2–3 days after the 
institution of therapy; however, no increased suscepti-
bility to infectious complications has been identified [6]. 
Some bacteria, such as all Enterobacter cloacae strains and 
some Pseudomonas strains, are not susceptible to SSD 
(Silvadene®, King Pharmaceuticals, Inc., Bristol, TN).

Sulfamylon® (mafenide acetate 0.5% cream), intro-
duced in the mid-1960s, is readily absorbed through 
burn eschar. It is available in both a 10% water-soluble 
cream and a 5% solution. It has a wide antibacterial 
spectrum against most gram-positive bacteria, includ-
ing Clostridia, and most gram-negative bacteria [6,11]. 
Cutaneous hypersensitivity reactions may be seen in as 
many as 50% of patients. Mafenide is a potent carbonic 
anhydrase inhibitor, and its use can result in metabolic 
acidosis. A compensatory hyperventilation may occur; 
minute ventilation as high as 50 L has been reported [9]. 
Consequently, when mafenide is used, the patient’s 
respiratory status, pH levels, and blood gases must be 
frequently monitored. In burn patients with inhalation 
injury and concomitant respiratory acidosis, the use 
of mafenide acetate over a large burn surface area or 
repeated application of this compound can be fatal [7]. 
Mafenide acetate also decreases the breaking strength 
of healed wounds and delays healing [13]. Because of its 
ability to inhibit human keratinocytes and fibroblasts in 
vitro and to suppress the activity of polymorphonuclear 
leukocytes (PMNs) and lymphocytes, mafenide inhibits 
re-epithelialization more than SSD does [11].

Cerium nitrate–SSD was developed by add-
ing the lanthanide salt cerium nitrate to SSD. This 
agent has excellent bacteriostatic activity on wounds. 
Methemoglobinemia has occurred in some patients 
treated with this agent and is caused by the absorption 
of reduced nitrates. No other electrolyte abnormalities 
have been noted when cerium nitrate–SSD is used [6]. 
This agent has been shown to reduce the inflammatory 
response to burn injury, decrease bacterial colonization, 
and provide a firm eschar for easier wound manage-
ment [14].

Povidone-iodine, as a 10% ointment, has a wide 
spectrum of antibacterial and antifungal activity and 
is effective against protozoa. Its systemic absorption 
through the wound is associated with decreased renal 
function or renal failure. Patients using povidone-
iodine dressings for prolonged periods of time should 
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be monitored for symptoms of iodine toxicity, which 
include hypercalcemic metabolic acidosis, cardiovascu-
lar instability (bradycardia, hypertension), elevation of 
hepatic enzymes, and central nervous system and pro-
gressive renal dysfunction [15]. This agent is no longer 
extensively used.

Dakin’s solution (sodium hypochlorite 0.5% or 
0.25% solution) is bactericidal, fungicidal, and viru-
cidal. It is effective against MRSA, methicillin-resistant 
Staphylococcus epidermidis, and Enterococci [6]. Sodium 
hypochlorite dissolves clots and may cause bleeding. 
At concentrations higher than 0.025%, it is toxic to fibro-
blasts, keratinocytes, and PMNs [11].

The aforementioned complications of topical anti-
microbial agents, of course, can be eliminated if these 
agents are not used. It is possible not to use them in some 
circumstances, if an occlusive wound dressing can be 
applied. Types of these dressings include simple clear 
adhesive dressings for small wounds and Biobrane® 
(UDL Laboratories, Inc., Rockford, IL), xenograft, and 
allograft for larger wounds. These dressings can be left 
in place, thereby obviating the need for frequent pain-
ful dressing changes and avoiding the complications that 
may accompany the use of topical antimicrobial agents. 
However, the occlusive dressings introduce their own 
complications. Primary among these is the chance that 
definitive treatment of the wound may be delayed. Such 
delay may occur if the depth of the wound was underesti-
mated when the dressing was applied, particularly if the 
dressing remains adherent and the underlying wound 
is not examined. Acticoat® and other silver-containing 
occlusive dressings combine the advantages of the 
topical antimicrobial agents and those of the occlusive 
dressings. These dressings have potent antibacterial 
activity against most aerobic gram-negatives, including 
Pseudomonas aeruginosa and antibiotic-resistant members 
of the family Enterobacteriaceae, as well as aerobic gram-
positive bacteria, including MRSA and vancomycin-
resistant enterococci [16–18]. However, Acticoat can cause 
a burning sensation on application and can temporarily 
limit range of motion if allowed to desiccate.

The complications associated with the topical anti-
microbial agents and the occlusive dressings can be 
avoided with early definitive excision and grafting. 
Pediatric patients treated with immediate excision and 
grafting have experienced less blood loss and shorter 
hospital stays than similar patients who were not treated 
in this way [19,20].

41.1.5 Pulmonary Complications

Historically, wound infection was the most common 
infection suffered by burn patients. Since the develop-
ment of topical antimicrobials and intravenous antibi-
otics, however, the infection most frequently suffered 

by burn patients is pneumonia [21]. In fact, for burn 
patients, the leading cause of death is respiratory fail-
ure. Early diagnosis with sputum assessment and 
chest radiographs is necessary when respiratory fail-
ure occurs. The results of cultures should guide the use 
of antibiotic therapy, and aggressive pulmonary toilet 
should be instituted. Before culture results are ready, 
empiric therapy against the organisms that predomi-
nate in the unit should be used.

Some patients who suffer thermal injury experi-
ence inhalation injury. Inhalation injury is a chemical 
tracheobronchitis and acute pneumonitis caused by 
inhalation of smoke and other irritative products of 
incomplete combustion. The mortality rates for burn 
patients with inhalation injury are greater overall than 
that for patients with burns of similar size but with no 
inhalation injury [22]. Chest radiography is insensitive 
in making the diagnosis [23]; fiberoptic bronchoscopy 
(FOB) and xenon-133 scans are more reliable. FOB evi-
dence of mucosal inflammation or ulceration and depo-
sition of carbon particles indicate inhalation injury. 
Therapy depends on the severity of the injury. For 
mild cases, humidified oxygen–enriched air and incen-
tive spirometry may be the only treatment required. 
However, for impaired mucociliary function, repeated 
FOB may be necessary. For the patient with progres-
sive respiratory difficulty, endotracheal intubation 
and mechanical ventilation must be undertaken [24]. 
Because of the increased mortality rates associated with 
inhalation injury, the appearance of a new infiltrate on 
the chest radiograph of a patient with progressive respi-
ratory difficulty should prompt the clinician to obtain 
endobronchial cultures and to begin treatment with 
intravenously administered antibiotics for presumptive 
bronchopneumonia.

Patients with inhalation injury are at a significant risk 
of carbon monoxide poisoning as a result of incomplete 
combustion of organic materials, particularly if they 
are burned in an enclosed space. Treatment involves 
endotracheal intubation (in cases of severe respira-
tory distress) and administration of oxygen-enriched 
air mixtures. On room air, the half-life of carboxyhe-
moglobin (COHb) is about 5 h whereas 100% oxygen 
delivered through a nonrebreather mask can reduce 
the half-life of COHb to about 1 h [25]. Many patients 
suffer prolonged neurologic sequelae (PNS) for months 
or years after exposure to CO, even when appropriate 
therapy is promptly delivered. The pathophysiology of 
this PNS is poorly understood and several small in vitro 
and in vivo animal studies seem to indicate that inhi-
bition of the cytochrome oxidase system persists even 
when COHb levels drop to undetectable levels [25–27]. 
Current theory is that hyperbaric oxygen therapy can 
somehow overcome this inhibition reducing delayed 
neuronal death [25]. Hyperbaric oxygen therapy can be 
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used, especially for those patients who are comatose 
and have carbon monoxide poisoning [22].

Cyanide (CN) gas can also be produced as a direct 
result of the combustion of synthetic materials as well as 
natural materials such as silk and wool. CN can contrib-
ute independently and markedly to illness and death 
in smoke inhalation [28,29]. CN reversibly binds to the 
cytochrome oxidase (a3) within the mitochondria caus-
ing intracellular hypoxia affecting aerobic cell metabo-
lism. CN completely stops oxidative phosphorylation 
in the cell by binding to the ferric ion at the terminal 
enzyme in the Krebs cycle [28]. The cell is unable to pro-
duce ATP because the electron transport chain is halted 
[29]. The cell’s metabolism shifts to anaerobic metabo-
lism resulting in lactate formation and ultimately a high 
anion gap metabolic acidosis [28,30]. The inability of 
the cells to use oxygen results in the accumulation of 
oxygen in the venous supply, and therefore, while arte-
rial blood gases may be normal, a venous blood gas 
will show abnormally elevated oxygen levels result-
ing in a reduced arteriovenous oxygen saturation dif-
ference (<10 mmHg) [29]. CN also binds to the ferric 
form of hemoglobin making this type of hemoglobin 
incapable of transporting oxygen [28]. The CN antidote 
kit (amyl nitrite, sodium nitrite, and sodium thiosul-
fate) has been used in the United States for acute CN 
poisoning. The nitrites oxidize the iron in hemoglobin 
to form methemoglobin [30]. CN binds preferentially to 
the ferric ion of methemoglobin rather than to the ferric 
ion of the cytochrome oxidase (a3) in the mitochondrial 
membrane. CN is reversibly bound to cytochrome oxi-
dase and as a result methemoglobin is able to extract 
CN from the mitochondria and reverse its toxic effects 
on the electron transport chain. Cells can then generate 
ATP. The third drug in the CN antidote kit, sodium thio-
sulfate, is then given intravenously over 30 min and acts 
as a sulfhydryl donor [30]. The sulfhydryl group of the 
thiosulfate ion will bind to any unbound, extracellular 
CN forming thiocyanate, which is then excreted by the 
kidneys [30]. The two nitrites must be administered first. 
The Food and Drug Administration (FDA) approved 
the use of hydroxocobalamin for the treatment of acute 
CN poisoning in December 2006 [31]. The starting dose 
of hydroxocobalamin for adults is 5 g (both 2.5 g vials) 
administered intravenously over 15 min. Depending on 
the clinical response and the severity of the poisoning, 
a second dose of 5 g may be given: total dose 10 g. Each 
2.5 g vial of hydroxocobalamin is reconstituted with 100 
mL of diluents (not in Cyanokit). Hydroxocobalamin 
works by binding with CN to form nontoxic cyanoco-
balamin (vitamin B12), which can be excreted by the 
kidneys. Cyanocobalamin can also release CN in the 
liver to allow hepatic rhodanese to convert it to thio-
cyanate, which can be excreted by the kidneys [32]. 
Like methemoglobin, CN has a greater affinity for 

hydroxocobalamin than for the cytochrome oxidase (a3) 
within the mitochondria. However, since hydroxoco-
balamin does not form methemoglobin, it can be safely 
used without compromising the oxygen-carrying capac-
ity of hemoglobin [28]. The most common side effects 
are reddening of the skin and urine [33].

Both severe pneumonia and inhalation injury can 
lead to the development of acute respiratory distress 
syndrome. Patients with this disease may require pro-
longed mechanical ventilatory assistance, and the use 
of this treatment further increases the incidence of 
ventilator-associated pneumonia. In a murine model of 
cotton smoke inhalation injury and intranasal infection 
with Pseudomonas aeruginosa, smoke inhalation alone 
had a 90% survival rate, whereas smoke inhalation with 
a bacterial infection had a 10% survival rate, imply-
ing that combined lung injury and infection markedly 
increase mortality risk [34].

41.1.6 Gastrointestinal Complications

Patients sustaining burns over more than 25% of the 
body are likely to experience paralytic ileus. With 
adequate resuscitation, the return of gastrointestinal 
(GI) motility occurs around the third to fifth post-
burn day. Thus, the initiation of enteral nutrition is 
delayed. Because of this delay and the development 
of focal ischemia (which can occur as early as 3–5 h 
after the burn), there is a great risk of mucosal ulcer-
ations and perforation [22]. The burn patient with sep-
sis is also at an increased risk of mucosal ulceration, 
which can result in GI bleeding. Histamine-2 recep-
tor antagonists (H2RA) have been shown to be more 
effective than sucralfate in preventing gastric mucosal 
ulceration among critically ill patients without burns 
[35]. Additionally, antacids are effective and are used 
at some institutions in an effort to prevent erosive 
gastritis (Curling’s ulcer). The 2008 Surviving Sepsis 
Campaign guidelines included a statement on stress 
ulcer prophylaxis where they recommended the use 
of either an H2RA or a proton pump inhibitor (PPI). 
In those guidelines, H2RAs were given a higher evi-
dence grade (1A versus 1B) [36]. Two large recent 
meta-analyses showed a lower incidence of upper GI 
bleeding with PPIs compared with H2RAs [37,38]. In 
the 2010 meta-analysis, this difference was not signifi-
cantly significant, while it was significant in the 2012 
meta-analysis. Vitamin A supplementation may help 
prevent ulceration by assisting in mucin production. 
Cholestyramine can be used to prevent bile reflux gas-
tritis. Today, we rarely see massive hemorrhage from 
mucosal ulcers, but when they occur the patient’s like-
lihood of mortality is increased. It is unclear whether 
very sick patients with an already poor prognosis are 
more likely to experience these massive GI bleeds or 
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whether the massive hemorrhage by itself increases 
the patient’s likelihood of mortality.

41.1.7 Renal Complications

The development of acute kidney injury (AKI) in criti-
cally ill burn patients has long been recognized as an 
ominous sign with a reported mortality as high as 
50%–100% [39,40]. Adequate fluid resuscitation of burn 
patients cannot be sufficiently stressed. Of concern is 
the fact that, as the patient’s blood pressure falls, there 
is progressive vasoconstriction of the afferent arterioles. 
The efferent arterioles may also undergo vasoconstric-
tion as the result of the administration of norepineph-
rine and angiotensin. The net result is hypoxia at the 
level of the glomerulus and the tubules. The potential for 
muscle necrosis with resulting myoglobinuria or hemo-
globinuria, coupled with a decrease in blood flow to the 
tubules, further potentiates the acute tubular necrosis. 
When myoglobinuria is suspected, alkalinization of the 
urine [41] by adding sodium bicarbonate to the intrave-
nous fluid and maintenance of urine output of l00 cc/h 
or greater are recommended. Over-resuscitation of burn 
patients, however, can lead to many severe untoward 
consequences, which include abdominal compartment 
syndrome (ACS), airway obstruction, extremity com-
partment syndromes, and pulmonary edema [42,43]. 
ACS results in decreased renal blood flow and subse-
quent renal failure. When ACS develops, decompressive 
laparotomy must be performed to prevent progression 
to multiorgan failure and death.

41.1.8 Complications of Reconstruction

Skin grafting has shortened recovery time and has 
decreased the rate of infectious complications among 
burn patients [19,44]. However, skin grafting is also asso-
ciated with complications. Of particular importance is 
the contraction of skin grafts. It has been noted that 
full-thickness skin grafts suffer less contraction than 
split-thickness skin grafts. In addition, the interval of 
time between the initial release of contraction and sub-
sequent releases was longer with full-thickness grafts 
than with split-thickness grafts [45]. Pentoxifylline has 
been shown to decrease cell proliferation in hypertro-
phic scars. In one prospective study, pentoxifylline 
was administered to patients with burn hypertrophic 
peribuccal scarring and resulted in improved mouth 
opening and dental distance during the 38 days of 
treatment [46].

“Graft take” is affected by infection and may be 
delayed in the malnourished patient. Thus, various 
degrees of graft loss can be experienced. Sponge defor-
mity is a complication of skin grafting that usually 
occurs around the periphery of the excised area where 

the excision was shallower or with thicker skin grafts 
[47]. It may be that the bed beneath the graft epithelial-
izes from residual epithelial elements before vascular-
ization of the autograft develops [41].

41.1.9 Psychological Complications

Victims of burn injuries suffer from a variety of psy-
chological disorders. The equivocal findings of some 
studies suggest a relationship between total body sur-
face area of the burn and the incidence of post-traumatic 
stress disorder (PTSD) [48]. However, other studies sug-
gest a correlation between the occurrence of PTSD and 
previous psychological adjustment, preburn affective 
disorder, delirium or severe pain during acute treat-
ment, and weaker perceptions of social support [49]. It 
has been noted that patients are at risk of PTSD both at 
the time of hospitalization and after discharge. Thus, it 
is important for clinicians to provide all patients with 
education and psychological intervention during hospi-
talization and with aggressive follow-up after discharge 
[44]. Some patients experience anticipatory anxiety as a 
result of unavoidable, painful wound dressing changes 
[50]. Adequate premedication before dressing changes 
can minimize the likelihood that aversion reactions 
will occur. Depressive symptoms may develop as the 
result of changes in body image and excessive pain. 
One would expect that the degree of disfigurement 
would correlate with the degree of depressive symp-
toms. However, no such correlation has been shown 
in previous studies. In one study of 70 burn survivors 
in western Australia, personality assessments were 
made using personality inventory scores. Twenty-nine 
patients developed depressive symptoms following 
burn injury. Neuroticism and avoidant coping were the 
personality traits most linked to the development of 
depressive symptoms [51]. The authors concluded that 
patients at risk for depression following a burn injury 
could be identified early by personality assessments.

41.1.10 Heterotopic Ossification

Heterotopic ossification (HO) can be a sequela of burn 
injury and is clinically devastating [52], often lead-
ing to restricted joint mobility, severe pain, and even 
nerve entrapment [53]. When HO develops in a burn 
patient, physical rehabilitation must be stopped, which 
can result in a significant delay in functional progress. 
Studies report a 1%–3% incidence of HO in burn patients, 
but a 60% incidence is observed in patients with severe 
burns [54]. HO often occurs secondary to deep-tissue 
burns, usually in >20% TBSA or full-thickness burns 
[54]. Mesenchymal stem cells (MSCs) may play a role 
in both HO and prevention of HO through their immu-
nomodulatory properties. MSCs are known to secrete 
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potent cytokines that may regulate the wound environ-
ment, and these paracrine interactions may also drive 
HO formation. MSCs have also been shown to produce 
the receptor activator of nuclear factor-κβ ligand, which 
stimulates the formation of bone-resorbing osteoclasts 
[55]. It remains unclear how exogenously delivered and/
or genetically engineered MSCs will play a therapeutic 
role in patients with HO.

41.2 Complications of Electrical Injuries

Electrical injuries depend on the source of the current, the 
voltage, the amperage, the duration of contact, and the 
surface area through which the current flows. Certainly, 
the greater the voltage and amperage and the greater 
the duration of contact [56], the more energy delivered 
to the victim and the more severe the potential injury. 
The complications can be categorized as acute or early, 
ongoing, and late. Low-voltage electricity is defined as 
less than 1000 V and supplies power in our homes, work 
places, and areas of recreational activities.

41.2.1 Early Complications

Neurological sequelae, when they occur, can be early or 
late and can affect both the central and the peripheral 
nervous systems. Up to 70% of patients who sustain a 
high-voltage injury are rendered unconscious [57], par-
ticularly if current passes through the head. All patients 
who have not sustained a fatal injury regain conscious-
ness. Patients who fall after being electrocuted can expe-
rience closed head injuries, which must be managed in 
much the same way as they are managed in the regu-
lar trauma setting. The tetanic contractions that occur 
at the time of electrocution can produce vertebral frac-
tures that can result in paralysis and other neurological 
deficits [58]. Thus, maintaining spinal precautions when 
examining the electrocuted victims and completely 
evaluating these patients for associated injuries are very 
important.

Ventricular fibrillation can occur with electrical injury 
and can be fatal. However, sinus tachycardia and non-
specific S-T segment changes are the most common car-
diac findings [59,60]. Most of these disturbances resolve 
spontaneously within a few hours. Patients who are 
burned by either low-voltage current or high-voltage 
current but who reach the emergency room without evi-
dence of cardiac abnormalities rarely experience these 
abnormalities later. If the patient suffers arrhythmia 
or demonstrates electrocardiogram evidence of acute 
myocardial infarction, then cardiac monitoring is neces-
sary. These are key points because such patients usually 

require multiple surgical procedures, which should not 
be delayed because of questionable findings [61].

Patients who are apneic at the time of injury should 
undergo full cardiopulmonary resuscitation and sup-
port. Chest radiographs of patients who have fallen 
should be obtained and examined for evidence of pneu-
mothorax or hemothorax. Effusions and pneumonitis 
may occur near entrance and exit wounds. Effusions 
can be treated by tube thoracostomy.

41.2.2 Ongoing Complications

The fluid requirements of patients with thermal burns 
can be estimated more accurately than can those of the 
electrically burned patient. Because current has passed 
through the tissue between the entrance and exit sites, 
it is difficult to gauge the fluid requirement strictly by 
outward evidence of injury. Thus, one must be hyper-
vigilant so that ongoing injuries and consequent fluid 
requirements are not overlooked. Adequate urine out-
put can still be used as a guide to resuscitation. Muscle 
tissue can become edematous when injured. The mus-
cles lie within fascial compartments, and as the muscle 
swells the pressure within the compartment increases. 
At a certain critical value, the blood flow to the muscle 
decreases, and further muscle damage is produced. The 
five symptoms of pain, pallor, paresthesias, paralysis, 
and pulselessness are all evidences of compartment 
syndrome. However, the earliest sign of this syndrome 
is paresthesia. The consequences of muscle injury 
include limb loss with the need for extensive rehabilita-
tion and acute renal failure caused by myoglobin depo-
sition within the renal tubules.

Determining the extent of tissue damage and viabil-
ity is difficult. The resistance of bone is high; thus, heat 
is produced deep within the limb [56]. Consequently, 
the superficial muscles may be viable although the 
deeper muscles are necrotic. There is no good test to 
determine the viability of the muscles short of explor-
ing the compartments to determine whether the muscle 
bleeds or contracts [62]. The problem caused by failure 
to detect necrotic muscle is that this tissue provides a 
focus for the development of infection and sepsis. When 
necrotic muscle is detected, debridement is mandatory. 
Subsequent re-exploration and additional debridement 
may be required.

When rhabdomyolysis is suspected, the urinary out-
put should be maintained at 100 mL/h. Mannitol has 
been used to enhance excretion of hemochromogens. 
Alkalinization of the urine may be helpful in preventing 
crystallization of myoglobin within the renal tubules 
[48]. Because of the large fluid shifts that take place, shock 
can occur. It is essential to administer large volumes of 
fluid because under-resuscitation is the most common 
cause of acute renal failure among these patients.
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The direct passage of current through the abdominal 
wall may injure both the wall and the underlying intes-
tines. Injury to intra-abdominal viscera can occur even 
when the entrance and exit sites are not on the abdo-
men. A high index of suspicion is necessary to make 
the diagnosis, particularly if patients have other severe 
injuries. Bowel perforation [63], pancreatitis, and gall-
bladder necrosis [64] have been reported. Exploratory 
laparotomy may be necessary when suspicion is high. 
Curling ulcers may also occur [56]. This complication 
was discussed earlier under GI complications of ther-
mal injuries.

41.2.3 Late Complications

Fibrosis and scarring of locally damaged tissue in and 
around peripheral nerves may result in late nerve com-
pression and decreased conductance. The perineural 
tissue may undergo vascular inflammation, throm-
bosis, or fibrosis. Causalgia, motor weakness, pares-
thesias, and hyperesthesia have been reported. With 
regard to the central nervous system, cortical encepha-
lopathy, hemiplegia with or without aphasia, striatal 
syndrome, and brain stem dysfunction can occur [65]. 
Seizure disorders can also occur late. Spinal cord symp-
toms similar to those of progressive muscular atrophy, 
amyotrophic lateral sclerosis, or transverse myelitis 
may develop later [66].

Cataracts may occur in 5%–7% of patients and fre-
quently are bilateral [50]. The onset of blurred vision 
usually begins about 6 months after injury [67]. Because 
of the possibility of such a devastating complication, 
patients should undergo ophthalmologic examination 
as part of their acute care and should be made aware of 
the potential for cataracts [59].

Complications of thermal injuries clearly can involve 
any of the body’s systems. Although prevention is the 
goal, knowledge of the potential pitfalls may help to 
mitigate the detrimental effects of the complications 
when they do occur. Careful attention and a high index 
of vigilance can help to prevent some, but not all, of 
these complications.

Overview of Complications of Thermal Injuries

Complication Incidence References

Immediate complications:
Contamination
Infection
Immune suppression
Cellulitis
Burn-wound infection
Hypothermia
Misdiagnosis/mistriage

Complication Incidence References

Inadequate pain relief
Under-resuscitation/over-resuscitation

Complications of topical antimicrobial agents:
Silver nitrate solution 0.5%
Hyponatremia
Hypochloremia
Hypothermia 0.5%
Silver sulfadiazine
Cutaneous hypersensitivity <5% [11,12]
Transient leukopenia 5%–15% [68]
Mafenide acetate
Cutaneous hypersensitivity ≈50% [9]
Metabolic acidosis

Pulmonary complications
Pneumonia Up to 65% [69]
ARDS
Tracheobronchitis
Gastrointestinal complications
Paralytic ileus
Mucosal ulceration
Perforation

Renal complications
Acute tubular necrosis 0.5%–30% [70]
Renal failure secondary to 
myoglobinuria

Complications of reconstruction
Donor site conversion to full-thickness 
injury

Skin graft loss
Graft contraction
Sponge deformity
Contracture across joints

Psychological complications
Post-traumatic stress disorder
Anxiety
Depression
Complications of electrical injury Cataracts 

in 6.2%
[71]

Neurologic complications
Loss of consciousness
Paresthesia

Cardiac complications
Ventricular fibrillation
S-T segment changes
Sinus tachycardia

Musculoskeletal complications
Compartment syndrome
Post-tetanic fractures

Abbreviation: ARDS, acute respiratory distress syndrome.
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Avoiding Complications of Thermal Injury

Use aseptic technique at all times
Maintain warm environment
Titrate fluids carefully
Control pain adequately
Wean patients from ventilator as rapidly as is safely possible
Administer enteral feedings early, but stop feeding if tolerance is in 
question

Err on the side of grafting in areas where contractures are a 
concern. Remain cognizant of concomitant injury and the 
potential for compartment syndrome

Provide emotional and psychological support
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Reconstructive surgery attempts to restore both form and 
function. Because many postsurgical and traumatic condi-
tions result in loss of tissue, restoration of form and function 
frequently requires replacement of the lost tissue, prefer-
ably in kind. Two general categories of tissue may be used 
in reconstruction: flaps and grafts. Grafts may be composed 
of any kind of tissue (skin, cartilage, fat, bone, or nerve), but 
all are devoid of an active, functioning blood supply. Flaps, 
in contrast, carry their own blood supply and therefore have 
the advantage of bringing tissue and blood supply to an area 
that is deficient in both. In cases of significant loss of tissue 
or volume or lack of donor sites, implants may be used for 
restoration of volume or scaffolding and possibly to maintain 
stability, such as in breast reconstruction. All of these are 
associated with the potential for specific complications and 
attendant failure.

Depending on the anatomical components they contain, 
flaps may be cutaneous, fasciocutaneous, muscular, or osteo-
myocutaneous. Cutaneous or fasciocutaneous flaps may be ori-
ented to incorporate a blood vessel running along their length 
(the so-called axial-pattern flap) or may depend entirely on the 
richly anastomosing network of dermal circulation (the ran-
dom-pattern flap). The absence of a defined blood vessel ren-
ders random-pattern flaps more prone to complications than 
axial-pattern flaps. To paraphrase Sir Harold Gilles, we might 
state that surgical procedures involving flaps face a constant 

struggle between blood supply and coverage; the loss of blood 
supply is responsible for many of the complications that ensue 
after such procedures.

Flaps may also be described as “pedicled,” which retain their 
original blood supply, or “free,” which are completely detached 
from their native source of circulation and are later anasto-
mosed to a feeding vessel by means of microsurgical tech-
niques. Of these two types of flaps, pedicled flaps are easier 
to create, allow shorter operative procedures, and, unlike free 
flaps, are not subject to a myriad of complications related to 
surgical technique. Free flaps (those requiring microvascu-
lar surgery), however, have greatly increased the number of 
reconstructive techniques available to plastic surgeons. When 
coupled with advances in technology and patient care, free-
flap reconstructions are now considered the standard of care 
in many situations.

Flaps may be seen as a panacea for infected wounds, which 
they are not. Debridement, treatment of related host factors 
in wound healing, and provision of an adequate blood sup-
ply are crucial for the success of procedures involving flaps. 
Antibiotic therapy may be an important adjunct in the set-
ting of significant infections, such as osteomyelitis. Persistent 
infections despite flap coverage, therefore, should not be con-
strued as a failure of the flap but may instead be associated 
with a failure to adhere to the crucial principles enumerated 
earlier.
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The reconstructive surgeon’s goal of completely restor-
ing preinjury form and function may be achieved but can be 
fraught with significant problems related to the reconstructive 
surgery itself. Realistic expectations on the part of the patient 
and the surgeon are necessary in the most challenging cases.

42.1 Skin Grafts

Skin grafts are at once the simplest technical procedures 
to perform but often amongst the most difficult to get a 
consistent result with regard to healing. The skin graft 
is an ancient procedure. It is important that it provides 
immediate coverage of a wound with a resultant donor 
site that is relatively benign, except for appearance. 
While advantageous for reasons of ease of procurement, 
the most common complication is graft loss. The factors 
are multivariate but include infection, poor recipient 
bed, hematoma or seroma preventing graft adherence, 
and technical factors including movement and lack of 
proper immobilization.

Proper wound bed debridement, either immediately 
prior to or some time prior to graft placement, is criti-
cal to ensure graft survival. Presence of a contaminated 
wound, especially in the setting of a chronic wound, is a 
known factor leading to graft loss.

If the graft bed has been properly prepared and a 
graft has been harvested well, securing the graft with 
a bolster or some pressure dressing is critical to ensure 
that the graft gets immediate nourishment to maintain 
metabolic functioning of the skin cells. The processes of 
imbibition, inosculation, and eventual graft take can be 
best facilitated with a bolster or negative pressure dress-
ing. This prevents the three factors associated with graft 
loss: (1) shear, (2) hematoma, and (3) seroma. Graft sta-
bilization and immobilization can be best ascertained 
with a proper bolster and dressing and, in such cases, 
can provide the necessary conditions for graft take.

42.2 Cutaneous Flaps

Cutaneous flaps are termed advancement, rotation, and 
rhomboid. The principal advantage of these local flaps is 
the ability to cover “like with like,” that is, the ability to 
match the color, thickness, and texture of the surround-
ing tissue by reconstructing the defect with neighbor-
ing skin. Cutaneous flaps may be subject to a variety of 
mishaps: poor design, inability to cover the defect, ten-
sion on the flap with subsequent ischemic necrosis, etc. 
(Figures 42.1 through 42.4). These complications can be 

magnified by the use of flaps in aesthetically sensitive 
areas such as the face. The “pin cushion” or “trap-door 
deformity” results when the flap tissue bunches up 
because of a circular scar line at its base; this deformity 
can be obviated by the use of transposition flaps that 
are angulated such as the rhomboid flap. A random 
skin flap is much more prone to complications when 
the patient is a smoker, presumably because of the isch-
emic complications induced by nicotine and carbon 
monoxide [1,2].

On the whole though, these cutaneous flaps are asso-
ciated with a high degree of success and failure is rare. 
Complications are almost always associated with iden-
tifiable host factors, such as infection or prior radiation 

FIGURE 42.1
A 75-year-old woman was injured in a fall; the injury resulted in 
exposed hardware (placed for calvarial replacement after resec-
tion of a meningioma) on the vertex of the skull. Shown here is the 
defect (center of the picture) with scalp flaps raised circumferentially. 
(Courtesy of Thomson, J.C., Yale University, New Haven, CT.)

FIGURE 42.2
Immediate postoperative result with coverage of hardware. (Courtesy 
of Thomson, J.C., Yale University, New Haven, CT.)
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limiting vascular supply. They are for the most part 
straightforward and provide durable and consistent 
results. They are limited though in their ability to cover 
larger regional or distant defects.

42.3 Pedicled Muscle or Myocutaneous Flaps

Because many of the complications of muscle or myo-
cutaneous flap surgery are related to vascularity, the 
vascular anatomy associated with these flaps has been 
categorized to facilitate their design prior to surgery.

The Mathes–Nahai classification is one such para-
digm in general use; it describes the vascular anatomy 
of muscles in a manner that can be correlated with their 
potential clinical use. This classification scheme defines 
five primary types of flaps (Table 42.1).

This classification scheme has practical applications 
in the consideration of complications associated with 
the flap and its surgical execution. The vast majority of 
complications with these flaps are related to the vascu-
larity or are technical factors associated with “raising” 
these flaps. These complications are associated with the 
failure of the vascular supply to fully nourish the bulk 
of the muscle or the cutaneous paddle. For example, 
a Type-4 muscle such as the sartorius muscle has a lim-
ited arc of rotation (and, hence, limited transferability) 
because its blood supply is segmental. The limitations 
hence will result in limitations for its use such as cover-
age of the infected groin wound resulting from vascular 
repairs of the femoral artery or exposure of the femoral 
vessels in cancer resections.

The blood vessel orientation of the medial head of the 
gastrocnemius (Type 1), in contrast, is much more axial 
and therefore allows a wider arc, as long as the main 
pedicle is not compromised. This allows the muscle 
to be rotated or transposed along a much further dis-
tance to cover the medial knee in the event of coverage 
of exposed hardware following knee surgery or tibial 
injuries. The two dominant blood vessels in the rectus 
abdominis muscle (the superior and inferior epigastric 
arteries), each of which can nourish the entire muscle 
and its overlying fasciocutaneous unit, allow either 
vessel to be divided for pedicled transfer. Dividing the 
inferior epigastric artery allows the transverse rectus 
abdominis muscle (TRAM) flap to be inset into the chest 
wall with connection to the superior epigastric artery 
alone.

Examples of such muscle and the associated compli-
cations follow.

TABLE 42.1

Types and Examples of Muscle Flaps According to the 
Mathes–Nahai Classification Scheme

Type Description Example

1 Muscle with single dominant 
pedicle

Tensor fascia lata, 
gastrocnemius (each head)

2 Muscle with single dominant 
and minor pedicle(s)

Gracilis

3 Muscle with two dominant 
pedicles

Rectus abdominis

4 Muscle with segmental 
blood supply

Sartorius

5 Muscle with one main and 
multiple segmental 
branches

Latissimus dorsi

FIGURE 42.4
The wound was debrided, and a lateral arm flap was harvested 
(because the results of Allen’s tests on both arms precluded the use of 
a radial forearm flap) to provide coverage. Here we see the lateral arm 
flap covering the defect. (Courtesy of Thomson, J.C., Yale University, 
New Haven, CT.)

FIGURE 42.3
Ischemic necrosis of flaps with reexposure of hardware. (Courtesy of 
Thomson, J.C., Yale University, New Haven, CT.)



464 Complications in Surgery and Trauma

© 2008 Taylor & Francis Group, LLC

42.3.1 Gracilis Muscle Flap

The pedicled gracilis muscle, along with its overlying 
skin paddle, is often used for vaginal reconstruction 
and anal rectal complications following abdominoperi-
neal resections. This is often necessary if the resultant 
surgical defect happens in the setting of prior or antici-
pated radiation. The muscle alone has been used to 
reconstruct the rectal sphincter. Abdominal, perineal, 
as well groin wounds may also be covered with flaps 
composed of this muscle and its associated skin paddle, 
termed the myocutaneous flap.

Lying between the adductor longus anteriorly and 
the semimembranosus posteriorly is the thin, flat graci-
lis, which is supplied predominantly by the ascend-
ing branch of the medial circumflex femoral artery, a 
branch of the profunda femoris. The distal end of the 
skin paddle, however, is not as a general rule reliable, 
and the so-called delay procedure prior to raising the 
flap some weeks prior has been used in an effort to avert 
avascular necrosis. The sartorius muscle (also thin and 
flat) is sometimes mistaken for the gracilis, especially 
in limbs with long-standing paralysis. Shearing off the 
skin paddle from the underlying muscle, which is nour-
ished by the perforating vessels during overly aggres-
sive attempts to tunnel the flap, can also contribute to 
the loss of the accompanying skin paddle. Tunneling 
the muscle under unyielding skin, resultant venous 
outflow obstruction, or placement of undue tension on 
the pedicle may also result in vascular compromise and 
partial or complete flap necrosis.

42.3.2 Gastrocnemius

The gastrocnemius is conveniently divided into two 
heads, each with its own blood supply. This mus-
cle is particularly robust and is useful for covering 
defects around the knee joint or tibia in the case of 
infections, exposed hardware following fracture fixa-
tion, or possibly in tumor resections. Contour donor 
defects can result if the muscle is used with a skin 
paddle. Therefore, the muscle is usually transferred 
without the overlying skin and is often covered by a 
split-thickness skin graft. Damage to surrounding 
structures such as to the tibial and peroneal nerves can 
result during dissection of the popliteal fossa. Sural 
artery occlusion due to kinking of the pedicle may 
compromise the vascularity of the flap; a preoperative 
angiogram can identify this arterial anatomy and may 
help prevent this mishap. Lower-extremity deep vein 
thrombosis is a relative contraindication to the use 
of this flap. To preserve plantar flexion, the medial or 
lateral gastrocnemius muscle flap should not be used if 
the opposite head of the gastrocnemius and the soleus 
muscles are not functional.

42.4 Free Microvascular Flaps

Free flaps are considerably more technically demanding 
than local or pedicled flaps. A free flap involves detach-
ing a unit of tissue (which may contain skin, fascia, fat, 
muscle, bone, or various combinations of all of these 
tissues) with its blood supply and anastomosing this 
unit to a new blood supply by using microvascular tech-
niques. The main complication, flap loss, results from 
vascular compromise of either arterial or the venous in 
nature (Table 42.2).

Technical factors are clearly the most important con-
sideration, and many of these factors are interlinked. 
As the microvascular anastomosis is done under either 
loupe magnification or the microscope, technical com-
plications consistent with all vascular surgeries, such as 
“backwalling” and improper suturing or rotation of the 
artery or vein and resultant kinking of the vessel, may 
result in immediate or delayed thrombosis. Inadequate 
pain control may lead to excessive movement, which 
may lead to the mechanical shearing of the graft or 
disruption of the microvascular anastomosis. Venous 
engorgement may produce thrombosis of the vessels in 
the graft, eventually causing ischemic damage. In par-
ticular, constrictive dressings may compromise both 
venous outflow and arterial inflow, resulting in flap 
loss. Hypothermia may lead to vasospasm of the inflow 
vessel, as may the use of vasopressors. Hourly monitor-
ing for the first few hours to days is critical to the suc-
cess of any microsurgery as flap salvage is dependent 
upon the time to identification of critical flap ischemia.

A few commonly used free flaps and the attendant 
complications associated with them are described in the 
following sections.

42.4.1 Radial Forearm Free Flap

The radial forearm free flap, usually constructed in its 
fasciocutaneous form, is applicable in diverse situations 

TABLE 42.2

Sources of Complications Affecting Free-Flap Reconstruction

1. Technical factors
a. Surgical skill
b. Position of the anastomosis
c. Tension of the pedicle
d. Redundant pedicle

2. Poor inflow (below stenotic lesions, use of vasoconstrictors)
3. Poor outflow (venous engorgement)
4. Inadequate immobilization
5. Poor pain control
6. Hypothermia
7. Constrictive dressings

Source: Kilaru, S. et al. J. Am. Coll. Surg., 193, 538, 2001.
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such as lower-extremity coverage, resurfacing of the 
floor of the mouth, pharyngeal reconstruction, penile 
reconstruction, or upper extremity (hand and elbow) 
reconstruction. A preoperative Allen’s test is manda-
tory to ascertain the patency of the radial and ulnar 
arteries in all cases to prevent the devastating compli-
cations of an ischemic hand, brought about by remov-
ing the dominant (or rarely the only) vessel of the hand. 
The ulnar artery trap, which includes the anatomic 
anomaly of a superficial ulnar artery in addition to the 
radial artery, can lead to the same problem [3]. Donor-
site complications may include exposed tendons and 
their subsequent rupture, cold intolerance, and damage 
to the radial sensory nerve, which causes painful par-
esthesias. Harvesting the radius muscle in the form of 
an osteomyocutaneous flap may result in fracture of the 
radius. This complication can be avoided by harvesting 
less than 40% of the cross-sectional area of the radius.

The skin graft used to cover the donor site is usually 
of a poor color match and does not address the contour 
defect in the more heavyset patient. The flap is usually 
taken from the nondominant hand so that functional 
deficits can be minimized.

42.4.2 Fibula Free Flap

Since its original description by Taylor et al. [4], the 
fibula free flap has been adapted by plastic surgeons 
to become the workhorse of mandibular reconstruc-
tion. The specific advantages of this flap for mandibular 
reconstruction include the long length of available bone, 
the flap’s ability to undergo segmental osteotomies 
(hence improving its malleability), the ready incorpora-
tion of dental implants, and the easily tolerated donor-
site defect. The flap has also been used in this form to 
replace long-bone defects resulting from either trauma 
or tumor ablation or occasionally in those cases of maxil-
lary reconstruction requiring segmental reconstruction.

Assessment of the vascularity of the leg preopera-
tively by either angiography or magnetic resonance 
angiography (MRA) will help avert the consequences 
of critical limb ischemia. Thorough knowledge of the 
regional anatomy is a prerequisite for harvesting this 
flap, which is among the most demanding of flap pro-
cedures. The vascularity of the associated skin paddle 
incorporated in an osteomyocutaneous fibula flap may 
be unreliable because it relies on a few and sometimes 
diminutive septocutaneous perforators. Incorporating 
a cuff of muscle from the lateral and anterior compart-
ment muscles helps preserve the periosteum and, con-
sequently, the blood supply to the bone.

Damage to the peroneal artery during osteotomy can 
compromise the viability of the flap. During flap har-
vest, care must be taken to avoid the peroneal nerve 
where it curves around the neck of the fibula. Similarly, 

leaving approximately 8 cm of the bone at the lower end 
of the fibula helps maintain the stability of the ankle 
mortise.

42.4.3 Rectus Abdominis Free Flap

This long, strap-like muscle is particularly useful in 
providing coverage for large defects, and it can be har-
vested with its overlying skin paddle if necessary. It can 
be used as a pedicled flap and is extremely versatile in 
this use. As a free flap, the muscle is usually harvested 
with the deep inferior epigastric artery; this procedure 
provides the advantages of a long pedicle and a large-
diameter vessel, thus considerably easing the task of 
anastomosis. A slipped tie from this pedicle, however, 
can result in substantial yet initially “silent” retroperito-
neal blood loss. Prosthetic mesh may be used to prevent 
the complications of hernia resulting from the harvest 
of muscle.

A variant of the rectus abdominis flap is the free 
TRAM flap, which has been widely used for breast 
reconstruction. The complications associated with the 
pedicled TRAM flap, such as ventral hernia or abdomi-
nal wall weakness, can be minimized with the free-flap 
transfer of a more limited segmental harvest of the rec-
tus muscle. The free TRAM flap generally has a better 
blood supply than the pedicled TRAM flap; this advan-
tage results in a lower incidence of fat necrosis because 
it is not necessary to include the blood flow, thus limit-
ing mesh of vessels connecting the deep superior and 
inferior epigastric arterial systems. The procedure, how-
ever, requires a steep learning curve, in part because of 
the difficulty in performing a microvascular anastomo-
sis to the thoracodorsal vessels deep in the axilla or to 
the internal mammary artery. Total flap loss, although 
uncommon when the surgeon is experienced, is more 
likely than when the pedicled form of the flap is used.

42.4.4 Latissimus Dorsi Free Flap

The large mass (area) of the latissimus dorsi muscle 
makes this muscle ideal for covering very large defects 
in any region of the body. Like the rectus abdominis 
flap, the latissimus dorsi flap is hardy and can be easily 
harvested with a skin paddle. Skin necrosis is unusual. 
Seromas at the donor site are a common problem when 
latissimus dorsi flaps are used, but reports indicate that 
using sharp dissection instead of electrocautery can 
reduce the incidence of this complication by half. More 
muscle mass can be harvested by including the serra-
tus anterior muscle in the dissection. This procedure, 
however, increases the likelihood of injury to the long 
thoracic nerve and the debilitating “winged scapula.”

Using this flap to treat patients who are wheel-chair 
bound can lead to a loss of strength in stabilization and 



466 Complications in Surgery and Trauma

© 2008 Taylor & Francis Group, LLC

in extending the shoulder. This condition may nega-
tively affect the patients’ ability to transfer to and from 
the wheelchair, thus decreasing their quality of life.

42.4.5 Jejunal Free Flap

Currently, the jejunal free flap is most commonly used 
to reconstruct the upper digestive tract after ablative 
resection of cancerous growths. Jejunal flaps are much 
more susceptible to ischemia than the flaps described 
earlier and therefore demand greater technical pro-
ficiency of the surgeon performing the anastomosis. 
Complications associated with jejunal flaps include 
anastomotic strictures; problems at the donor site, such 
as abdominal wound infection, dehiscence, and bowel 
obstruction due to adhesions; and volvulus. Necrosis of 
the jejunal segment used for esophageal reconstruction 
could lead to fistulae, abscess, and mediastinitis.

42.5  Complications of Reconstructive 
Surgery: Maxillofacial Surgery

Reconstructive surgery for patients who have suffered 
serious facial injuries has improved greatly over the past 
several decades. Early intervention and rehabilitation, 
as well as advancements in bony fixation, have reduced 
the long-term sequelae of such injuries. Despite these 
improvements, surgical procedures can still cause com-
plications, which fall into two broad categories: soft-
tissue complications and skeletal complications.

Traumatic soft-tissue injuries to the head and face 
may result in a wide variety of secondary complica-
tions. The extent of these complications depends on the 
exact nature of both the inciting traumatic event and the 
specific tissue injured. Lacerations and abrasions should 
be thoroughly cleansed and vigorously debrided of for-
eign bodies because of the risk of substantial scarring 
and tattooing. However, overzealous debridement or 
removal of tissue may result in significant loss of tis-
sue that is not easily replaced, such as that of the eyelid. 
Every effort should be made to meticulously remove 
foreign bodies and devitalized tissue, but maximal 
preservation of vital structures is standard. Scarring is 
generally inevitable in most cases of significant lacera-
tions, but early closure with fine suture materials and 
meticulous wound care can minimize the extent of scar-
ring and the need for surgical revision. Early removal of 
sutures may help the scar appearance by preventing the 
so-called railroad track marks.

Soft-tissue injuries may affect additional structures of 
the head and face, which are crucial to function. Because 
of its course and superficial location, the facial nerve is 

easily damaged by a number of mechanisms of trauma 
to the face. Early intervention and repair of such inju-
ries are important to assure the long-term function of 
the facial muscles. Once significant scarring and muscle 
atrophy have occurred, return of function is less than 
optimal. Injuries to the orbital and ocular region may 
cause substantial long-term complications. Such inju-
ries may include unrecognized injuries to the lacrimal 
system, corneal abrasions with residual scarring, and 
orbital malposition or entrapment of the globe or the 
extraocular muscle with subsequent enophthalmos 
and diplopia. If recognized early, most of these injuries 
can be successfully treated with a minimum number of 
residual long-term complications. Traumatic ectropion 
is exceedingly difficult to correct if not addressed early. 
Late repair of such problems is generally less satisfac-
tory because scar formation in such delicate tissues may 
compromise function. Additional complications may 
involve neuropraxia to the sensory nerves, especially 
the infraorbital and inferior alveolar nerve. Proper align-
ment of fractures in the maxilla and mandible is gener-
ally sufficient to help restore function, if the nerve has 
not been lacerated. With blunt injury, however, chronic 
pain or complete loss of sensation may yield substantial 
morbidity.

Fractures of the facial skeleton are extremely com-
mon. The pattern of injury is generally reproducible 
related to the type and nature of the trauma. The likeli-
hood of complications after repair of facial fractures has 
been greatly reduced as a result of early intervention 
and the use of vastly improved techniques of exposure 
and fixation. Although it was previously believed that 
repair of facial skeletal injuries should be delayed to 
allow soft-tissue swelling to decrease, subsequent stud-
ies have demonstrated that early intervention within 
24–48 h is beneficial in allowing more precise alignment 
of the bony segments because the ingrowth of fibro-
blasts and the process of scar healing will not yet have 
commenced. This will allow more precise alignment 
and thus better fixation.

Additionally, early fixation with the use or rigid mini-
plate and microplate fixation will allow the patient to 
begin all aspects of rehabilitation and mastication, 
thereby accelerating healing. The use of rigid fixation 
has improved not only early fixation but also long-term 
results. Traditional complications associated with frac-
ture fixation in the facial skeleton include malunion, 
nonunion, and, as a consequence in some cases, infec-
tion and even rarely osteomyelitis.

Of particular concern in the repair of facial fractures 
is proper maintenance of occlusion. Malunion or fail-
ure of fixation may result in nonunion of the maxilla or 
mandible and hence malocclusion, which can be dev-
astating for the patient. Significant attempts at recon-
struction may be required to correct this postoperative 



467Complications of Reconstructive Surgery

© 2008 Taylor & Francis Group, LLC

complication. All efforts should be expended preopera-
tively to ascertain proper occlusal contact. The liberal 
use of intermaxillary fixation with either wires or inter-
maxillary fixation screws should be incorporated to 
establish the proper occlusion and occlusal contact prior 
to any reduction or fixation. Injuries to the temporo-
mandibular joint (TMJ) and the condyle, if inadequately 
addressed, may result in ankylosis of the TMJ. Early 
range of motion as a result of proper rigid fixation may 
assist in prevention of ankylosis by allowing the jaw to 
move. This also has the salubrious effect of allowing 
proper nutrition, as opposed to those patients who are 
“wired shut.”

Proper evaluation of such injuries with early mobili-
zation of the jaw may improve functional outcome. The 
removal of teeth in line of the fractures may be required 
to make sure that the likelihood of odontogenic infec-
tions is limited. Maxillary sinusitis may occur after frac-
ture repair, especially if there is obstruction of various 
drainage routes for the sinuses such as the meatuses of 
the maxillary sinus. Care should be taken to remove 
bone fragments and blood from the fractured sinus. 
Frontal sinus fractures may result in dural injuries 
and obstruction of the frontal sinus drainage. In such 
cases, care should be taken to properly address the 
frontal sinus fracture, and cranialization of the sinus 
may be required in certain cases. Patency of the frontal 
sinus duct should be ascertained. Complications may 
include cerebrospinal fluid leakage or late formation of 
mucocele.

In summary, reconstructive surgery provides sub-
stantial relief to patients suffering from loss of tissue 
from either trauma or ablative surgery for cancer resec-
tions. The majority of the complications are related to 
a variety of host factors but are more typically related 

to technical problems in either planning or execution 
of the surgery. Advances in the understanding of the 
anatomy with improved radiologic techniques and 
understanding of segmental and regional blood supply 
have vastly improved our ability to avoid more common 
complications.
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The female reproductive tract exists in close proximity to a 
number of organ systems. Whether the surgery is abdomi-
nal, vaginal, or minimally invasive, the gynecologic surgeon 
must always be aware of key structures in the gastrointestinal 
(GI), urologic, neurologic, and vascular systems. An intimate 
knowledge of pelvic and abdominal anatomy as well as tech-
nical skills appropriate to the planned procedure are vital in 
preventing, recognizing, and managing complications of the 
procedure.

43.1 Preoperative Period

History: Prevention of complications begins in the pre-
operative period. An appropriately detailed history, 
particularly aimed at identifying previous abdominal 
surgeries and outcomes, will aid in determining the 
method of entry into the pelvis. A history of inflam-
matory conditions in the abdomen and pelvis, such as 
pelvic inflammatory disease, diverticulitis, inflamma-
tory bowel disease, or endometriosis, all should raise 

the possibility of pelvic adhesions, changes in the nor-
mal anatomic landmarks, and increased risk of injury 
during surgery. Recognizing that smoking, obesity, 
and diabetes are risk factors for postoperative surgical 
site infections can allow the surgeon to be proactive 
in choosing the duration of prophylactic antibiotics or 
using vacuum technology for wound closure. A history 
of thrombotic events will help determine the intensity 
of interventions to prevent deep venous thrombosis and 
pulmonary embolus.

Physical exam: Physical exam should note any exist-
ing abdominal scars, their locations, and the mobility 
of the underlying pelvic organs. If the patient’s history 
does not adequately explain the scars, additional his-
tory must be obtained prior to surgery. Any masses 
palpated should be evaluated with imaging studies; 
pelvic and transvaginal ultrasound may be sufficient, 
but if the nature of the mass remains unclear, computed 
tomographic (CT) scan or magnetic resonance imaging 
(MRI) are sometimes indicated. Barium enema and/
or colonoscopy may be necessary if inflammatory or 
neoplastic bowel conditions are entertained in the 
diagnosis.
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Preoperative testing and evaluation: Preoperative testing 
and evaluation should be appropriate to the patient’s 
age, medical comorbidities, planned surgery, and poten-
tial complications. Preexisting medical conditions 
should be optimized, and cervical cytology, endome-
trial biopsy, and tumor markers should be obtained 
if indicated. Mammography and colonoscopy screen-
ing may be warranted depending on the patient’s age. 
Preoperative bowel preparation, antithromboembolic 
prophylaxis, and antibiotic prophylaxis may be indi-
cated for some procedures.

This chapter will review complications of gynecologic 
surgery relevant to the various organ systems of the pel-
vis and abdomen. Strategies for preventing, recogniz-
ing, and treating injury to nerves, vascular structures, 
the genitourinary system, and the GI system will be 
presented.

43.2  Neurologic Complications of 
Gynecologic Surgery

Neurologic injury in gynecologic surgery can usually be 
attributed to one or more of three factors: positioning, 
retraction, or direct surgical injury. Contributing factors 
include prolonged surgery, radical dissections, patient 
weight, and patient anatomy. Most neurologic complica-
tions are minor, transient, and resolve spontaneously. In 
rare instances, the injury is permanent, with significant 
alterations in patients’ quality of life.

Upper extremity: Neurologic injury to the upper 
extremity is almost entirely due to positioning issues. 
The brachial plexus (C5 to T1) is susceptible to stretch 
or compression injuries. The use of shoulder braces 
for women undergoing laparoscopic surgery with the 
use of steep Trendelenburg can be associated with 
stretch injuries when the brace is placed too far later-
ally and compression injuries when placed too medi-
ally. Alternatives to shoulder braces include the use of 
bean bags or gel pads. Also of value is the use of an egg 
crate mattress against the patient’s bare back, which 
creates a drag coefficient and prevents slippage dur-
ing deep Trendelenburg positioning.1 Brachial plexus 
injury is also seen when the arms are secured on arm 
boards and abducted to greater than 90° from the 
patient’s body. These injuries can be avoided by check-
ing the arm position before the drapes are placed to 
ensure the angle is less than 90° or by tucking the arms 
by the patient’s side. Signs of brachial plexus injury 
can include wrist drop, inability to move the arm, or 
milder symptoms of numbness and/or tingling.1 Ulnar 
neuropathy, also due to positioning injury, presents 

with paresthesia of the fourth and fifth digit and the 
lateral hand. During laparotomy, the ulnar nerve can 
be compromised if the arm is secured on an arm board 
in the pronated position. Supination of the forearm and 
placement of padding around the elbow is an effective 
way to prevent this complication.1 Ulnar injury has also 
been reported following laparoscopy if the arm is supi-
nated before tucking it by the patient’s side or if the arm 
loosens from its restraints and falls onto the metal rails 
of the surgical table.

Neurologic complications in the pelvis are generally a 
result of damage to the lumbosacral nerve complex, 
which arises from nerve roots from T12 to S4. The major 
nerves involved are the iliohypogastric, ilioinguinal, 
genitofemoral, lateral femoral cutaneous, femoral, obtu-
rator, pudendal, and sciatic nerves.

Ilioinguinal/iliohypogastric nerve damage can occur 
during laparoscopic procedures or laparotomy per-
formed through a low transverse abdominal incision. 
The nerves run laterally through the head of the psoas 
muscle, then through the transversus abdominis mus-
cle, and terminate in the lower lateral aspect of the ante-
rior abdominal wall.2 Nerve damage in these instances 
can be the result of direct injury, incorporation into a 
suture, or late formation of scar tissue and presents as 
pain and burning at the incision sites, labia, mons, or 
inner thigh. If recognized, most injuries are reversible 
with removal of the sutures.3

Obturator nerve injuries are seen most frequently fol-
lowing extensive retroperitoneal dissections, particu-
larly those done for endometriosis or pelvic malignancy. 
Symptoms include sensory loss in the upper medial 
thigh and motor weakness in the hip abductors.2 The 
likelihood of nerve injury can be reduced by retracting 
the external iliac vessels to maximize exposure of the 
obturator space. If transection of the obturator nerve is 
noted intraoperatively, it should be repaired with micro-
surgical techniques.2 Obturator nerve injuries respond 
well to postoperative physical therapy, and complete 
recovery is common.

Femoral nerve injury associated with abdominal hys-
terectomy has a reported incidence as high as 12%.1 
Patients with femoral nerve injury have difficulty get-
ting out of bed and climbing stairs, typically present 
with inability to flex the hip or bend the knee on the 
affected side and may have paresthesias of the thigh.1 
The femoral nerve runs between the psoas and ilia-
cus muscles, passes under the inguinal ligament, and 
enters the thigh and is therefore vulnerable to injury 
from self-retaining retractors both when the retrac-
tor pulls the psoas laterally and when the retractor 
rests directly on the psoas. Positioning the patient in 
candy cane stirrups during vaginal surgery can result 
in excessive hip flexion, external rotation, or abduction 
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with compression of the femoral nerve against the 
inguinal ligament.

Genitofemoral neuropathy is primarily seen following 
oncologic surgery. The genitofemoral nerve runs along 
the ventral surface of the psoas and lies lateral to the 
external iliac artery where it is vulnerable to injury dur-
ing pelvic node dissection or the removal of a large mass 
adherent to the pelvic sidewall. Nerve injury results in 
paresthesia of the ipsilateral mons, labia majorum, and 
skin over the femoral triangle.2

Sciatic nerve injury and damage to its peroneal branch 
are infrequently seen following vaginal surgery. Like 
the femoral nerve injury discussed earlier, the sciatic 
nerve can be damaged when the patient is positioned 
in lithotomy and there is an angle approaching 180° 
between the knee and thigh (i.e., the legs are nearly 
straight) or when there is excessive external rotation or 
abduction of the thighs at the hip.4 Sciatic nerve injuries 
result in weakness of the hamstring muscles.5

Peroneal nerve injuries can be sustained via compres-
sion at the lateral fibular head.2 This injury commonly 
results in the inability to abduct and evert the foot, 
accompanied by numbness of the lateral leg and dor-
sum of the foot.5

Lateral femoral cutaneous nerve injury is due to exces-
sive flexion of the hip in lithotomy position (1) or dur-
ing laparotomy as a result of compression by the lateral 
blades of self-retaining retractors as it courses over the 
iliacus muscle and runs under the inguinal ligament. 
Postoperatively patients experience paresthesia and 
pain in the anterior and posterior lateral thigh, from the 
inguinal ligament to the knee, a condition also known 
as meralgia paresthetica.3

The pudendal nerve (S2–S4) exits the pelvis via the infra-
piriform or greater sciatic foramen, runs behind the lat-
eral third of the sacrospinous ligament, and reenters the 
pelvis through the lesser sciatic foramen. Damage to the 
pudendal nerve can occur during vaginal surgery, espe-
cially during sacrospinous ligament fixation for vaginal 
vault prolapse.3 A suture placed through the sacrospi-
nous ligament can quite easily incorporate the puden-
dal nerve as well. It has also been reported following a 
transobturator inside-out tension-free tape procedure.6 
The incorporation of the pudendal nerve in a suture 
or placement of a transobturator tape more caudally 
than recommended can result in pudendal neuralgia, 
which presents as gluteal/perineal pain or paresthesia. 
The suture or tape may need to be removed in order to 
obtain relief of symptoms.

43.2.1 Minimizing the Risk of Nerve Injuries

The vast majority of nerve injuries in gynecologic sur-
geries are due to one or more of the following: improper 

positioning of the patient, improper placement of retrac-
tors, extensive retroperitoneal dissection, improper tro-
car placement, and improper incision. Nerve injury will 
be avoided if the following steps are followed:

 1. Minimize use of self-retaining retractors partic-
ularly in thin patients. Most benign cases can be 
done without them. If a self-retaining retractor 
is necessary, use the shallowest blades possible 
and cushion with lap pads.

 2. Position patients so the arms are abducted less 
than 90° from the body. If arms are tucked, 
cushion the posteromedial aspect of the elbow. 
Avoid shoulder braces if at all possible.

 3. If patients are in lithotomy, avoid candy cane 
stirrups if at all possible in favor of stirrups 
that support the knee and calf. Position patients 
with moderate flexion at hip and knee, minimal 
abduction, and minimal external rotation of the 
hip. Check the lateral fibular head and pad if 
necessary.

 4. Place lateral trocars at least 2 cm medial and 
2 cm superior to the anterior superior iliac spine.

 5. If using a Pfannenstiel incision, do not cut the 
rectus fascia beyond the lateral border of the 
rectus.

 6. Know what your assistants are doing. It is all 
too easy to perch on a patient’s arm or lean on a 
patient’s thigh during lengthy procedures, with 
a neurologic injury as the outcome.

 7. If performing a retroperitoneal dissection or 
removing a pelvic sidewall tumor, identify the 
obturator nerve if possible. Retracting the exter-
nal iliac vessels can be helpful.

43.3  Vascular Complications of 
Gynecologic Surgery

43.3.1 Anterior Abdominal Wall

Injury to the vessels of the anterior abdominal wall is a 
recognized complication of both laparoscopy and lapa-
rotomy. The inferior epigastric vessels arise from the 
external iliacs, run just medial to the round ligament 
as it passes through the deep inguinal ring, then pro-
ceed obliquely and superiorly through the transversalis 
fascia, then between the rectus muscle and its posterior 
sheath, and ultimately anastomosing with the superior 
epigastric vessels. The vessels follow a line from the 
middle of the inguinal ligament toward the umbilicus, 
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but shortly after this line crosses the linea semilunaris, 
the direction changes and the vessels proceed directly 
upward in the line of junction of the inner third with the 
outer two-thirds of the rectus muscle.7

Laparoscopy: Laparoscopic injury to the inferior epi-
gastric vessel is usually related to placement of lateral or 
secondary ports. Secondary trocars are usually placed 
5 cm above the symphysis and 8 cm lateral to the mid-
line in order to avoid the inferior epigastric vessels.8 In 
addition, the laparoscope can be used to transilluminate 
the anterior abdominal wall in the area of a planned 
trocar insertion; in patients of slender or normal build, 
this technique will clearly show vascular densities and 
allow their avoidance. Both of these techniques can fail 
in the following circumstances: (1) the patient is obese, 
(2) the trocars are inserted in the skin appropriately 
but allowed to meander toward the patient’s midline 
during insertion, (3) intraperitoneal adhesions prevent 
optimum lateral trocar placement, and (4) reinsertion of 
a secondary trocar especially when the pneumoperito-
neum has been lost.9

Laparotomy: Rarely, the inferior epigastric artery can 
be damaged during laparotomy. At a point 2 cm above 
the symphysis pubis, the inferior epigastrics are lat-
eral to the lateral border of the rectus muscles. This 
area, Hasselbach’s triangle, is bounded medially by the 
lateral border of the rectus abdominis muscles, laterally 
by the inferior epigastric vessels, and inferiorly by the 
medial half of the inguinal ligament. Low transverse 
fascial incisions that begin 2 cm above the symphysis 
are often curved upward in order to avoid transecting 
the iliohypogastric or ilioinguinal nerve, placing the 
inferior epigastric vessels at risk. As with laparoscopic 
injuries, this is easily recognized and treated by suturing 
or cauterizing the bleeding vessels. The prevention of 
this type of injury is easily attained by placing the fascial 
incision 4 cm or more above the symphysis.

43.3.2 Major Vessels of the Pelvis

Major vessels at risk during gynecologic surgery include 
the aorta; the common, external, and internal iliac arter-
ies; the vena cava; and the common, external, and inter-
nal iliac veins.

Laparoscopy: Vascular complications of laparoscopy 
involving the major vessels of the pelvis are uncommon, 
occurring in approximately 0.04% of cases,10 and have 
been reported involving each of the vessels mentioned 
earlier. In most cases, vessel injury occurs in the initial 
stages of the operation while inserting either the Veress 
needle or trocars through the anterior abdominal wall.10 
The aorta and vena cava are particularly vulnerable to 
Veress needle injury when the Veress is inserted at a 90° 
angle to the patient’s anterior abdominal wall; the inser-
tion of the needle at 45° into the umbilicus and angling 

toward the pelvis has a protective effect. Unfortunately, 
in even moderately obese patients, a 90° angle is often 
necessary to access the peritoneal cavity; in these cases, 
control of the depth and speed of needle insertion and 
elevation of the anterior abdominal wall with sharp 
towel clamps can protect the major vessels from injury. 
Open entry techniques have been proposed to reduce 
such complications. However, while an open entry tech-
nique does limit the incidence of failed entry, the litera-
ture does not support the prevention of major vascular 
or visceral complications.11 Avoidance of the umbili-
cal area altogether in primary trocar insertion should 
clearly impact the risk of major pelvic vascular injury. 
Entry at Palmer’s point, in the left upper quadrant, mid-
clavicular line immediately inferior to the costal mar-
gin, provides a safe alternative to umbilical entry. As 
this is not a common entry site in gynecologic surgery, 
the risk of vascular injury is uncertain but should be 
considered as an alternative when the patient is felt to 
be at increased risk.

Laparotomy: Vascular injury at laparotomy is rarely 
seen during procedures for benign disease and is 
primarily a complication of surgery for advanced 
malignancy or for diseases requiring significant retro-
peritoneal dissection.

43.3.3 Identification and Treatment

Signs of a vessel injury include (1) copious blood from 
the Veress needle or trocar site in the case of laparos-
copy; (2) brisk intraperitoneal bleeding; (3) a rapidly 
expanding retroperitoneal hematoma; and (4) signs 
of hemodynamic instability including hypotension, 
tachycardia, or both. It is especially important to avoid 
blindly clamping areas of bleeding as this may result 
in the incorporation of the ureter into the clamp. The 
wisest approach is to apply pressure to the area while 
gaining appropriate exposure with retractors or by 
enlarging the existing incision. Once the area is visual-
ized, the packing is removed in a controlled fashion, 
with bleeding vessels cauterized, repaired, or ligated. 
Hemostatic agents may be helpful. Bilateral hypogastric 
artery ligation can be useful, as can pelvic artery embo-
lization using interventional radiology techniques. If 
all else fails, packing the area with multiple lap pads 
and closing the abdomen12 can be an effective tem-
porizing measure while the patient is stabilized with 
blood products. Usually the pads are removed during 
laparotomy 12–48 h later, depending on the patient’s 
hemodynamic status. Techniques to control bleeding 
from the epigastric vessels include direct suturing, 
with or without extension of the involved port site; 
compression with a Foley catheter inserted through 
the trocar sleeve; and bipolar coagulation of the vessel 
intraperitoneally.
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43.4  Urologic Complications of 
Gynecologic Surgery

The degree of morbidity due to a urologic injury is often 
directly related to the time of diagnosis, with immediate 
recognition often requiring little or no additional hospi-
talization. Conversely, delayed diagnosis can be a cause 
of significant morbidity and may require additional sur-
gery, hospitalization, or diversion of the urinary stream 
for a prolonged period of time with ongoing major 
repercussions. It was estimated in a Canadian study that 
the risk of litigation increases over 90-fold in the setting 
of a urinary tract injury compared with other complica-
tions of gynecologic surgery.13 The incidence of injury 
to bladder and ureter ranges from less than one injury 
per 1000 for subtotal hysterectomy up to 13 injuries per 
1000 surgeries for laparoscopic hysterectomy and for 
other gynecologic and urologic surgeries.14 Ureteral 
injuries alone have been estimated to range from 2% to 
11% among women undergoing advanced surgeries for 
prolapse or incontinence such as sacrospinous fixation, 
vaginal vault suspension, sacrocolpopexy, urethropexy, 
and bladder neck suspensions.15

43.4.1 Ureteric Injury

Iatrogenic injury to the ureter occurs somewhat more 
frequently than bladder injury. Risk factors include a 
history of previous pelvic surgery, endometriosis, pel-
vic inflammatory disease, inflammatory bowel dis-
ease, extensive neoplasm, or extensive adhesions, often 
leading to preoperative stent placement. Hence, the 
majority of injuries to the ureter occur in patients with-
out significant risk factors.16 Anatomically, the ureter 
runs retroperitoneally, entering the pelvis by crossing 
the bifurcation of the common iliac vessels, running 
medial to the hypogastric artery, and tracking down 
the lateral aspect of the uterosacral ligament to enter the 
cardinal ligament. It passes beneath the uterine artery 
approximately 1.5 cm lateral to the cervix and then 
passes medially to enter the bladder trigone.

Ureteral injuries can be divided into two groups. One 
group seldom requires surgical repair and involves 
kinking or partial obstruction of a ureter without com-
promise of ureteral patency. These patients usually have 
undergone abdominal hysterectomy with inclusion of 
the ureter in a sutured pedicle at the level of the cardinal 
ligaments. Patients in this group may have colicky pain, 
hydroureter and hydronephrosis on imaging, but have 
partial flow and can usually be managed by removal 
of the suture (if the injury is recognized promptly) or 
placement of a retrograde stent into the affected ure-
ter. The second group of patients has ureteral injuries 
that will require surgical repair. The ureter has been 

either crushed, transected, or ligated, is nonpatent, 
and patency cannot be reestablished with stenting. In 
addition, use of the newer energy-based vessel seal-
ing devices in close proximity to the ureter can cause a 
cautery injury that may not manifest itself until days or 
weeks after the surgery. The ureter is most vulnerable 
to injury at three sites in the pelvis: (1) at the pelvic brim 
where it rests in close proximity to the infundibulopel-
vic ligament, (2) at the lower uterine segment where it 
passes beneath the uterine vessels, and (3) at the level of 
the uterosacral ligaments.

43.4.2  Identification and Treatment 
of Ureteric Injury

Intraoperative: A complete ureteral transection may be 
apparent during abdominal or laparoscopic surgery if 
urine is noted in the pelvis during surgery or if indigo 
carmine has been given in preparation for cystoscopy 
and blue dye is seen to extravasate into the pelvis. It may 
also be obvious if cystoscopy is undertaken and no ure-
teral jet is noted from one orifice. In this setting ureteral 
repair should be immediately undertaken by an individ-
ual expert in urologic surgery. Gynecologic oncologists 
and urogynecologists in general are comfortable repair-
ing transected ureters; generalists are typically not well 
prepared to handle these surgeries without assistance 
from a urologist, who should be called into the operat-
ing room if needed. The ureter can either be stented and 
reimplanted into the bladder or directly reanastomosed 
over a stent. The placement of a pelvic drain to assess any 
pelvic fluid collections and evaluate postoperative leak-
ing of urine from the anastomosis is a key to successful 
repair. Ureteroureterostomy with stent placement is the 
preferred repair for injuries to the proximal one-third 
ureter (the area from the ureteropelvic junction to the 
upper border of the sacroiliac joint). Success rates are 
over 90% in most series17 and are dependent on creation 
of tension-free anastomoses over a stent, with good vas-
cular supply to both ends of the anastomosis. In cases of 
long segments of compromised proximal ureter use of 
an ileal conduit, Boari flap or psoas hitch can be helpful 
in reestablishing patency but should best be undertaken 
by an individual with experience in these procedures. 
The middle third of the ureter is that part that courses 
over the sacrum. If a tension-free anastomosis is pos-
sible, this area is also appropriate for a ureteroureter-
ostomy with stent. Otherwise, the bladder is mobilized 
using a psoas hitch, and a ureteroneocystostomy is 
performed over a stent.17 A Boari flap can be used for 
injuries involving a large part of the middle third. The 
distal one-third of the ureter passes from the inferior 
border of the sacroiliac joint to the bladder and accounts 
for 91% of ureteral injuries.17,18 Ureteroneocystostomy, 
with or without bladder mobilization/Boari flap, is the 
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treatment for distal ureteral injuries.17 In all of the afore-
mentioned repairs, prolonged catheterization of the 
bladder for 1–2 weeks is generally recommended.

Postoperative: Ureteral injuries not recognized at the 
time of surgery will usually become apparent in the first 
few weeks postoperatively. Symptoms are quite vari-
able, but may include fever, ileus, nausea, vomiting, pain 
or distention, anuria/oliguria/hematuria, unilateral 
flank pain, or frank drainage of urine from the vagina 
or abdominal incision. The leakage of urine into the 
peritoneal cavity may result in urinary ascites, usually 
accompanied by an elevated serum blood urea nitro-
gen (BUN) and creatinine; retroperitoneal urine col-
lection will result in a urinoma. Imaging studies such 
as ultrasound and CT scan and retrograde pyelogram 
may be necessary. The diagnosis of injury, treatment 
of infection, ending urine leakage, and protection of 
the involved kidney are the most important aspects of 
care following a ureteral injury. Cystoscopy with stent 
placement should be attempted if there is some ureteral 
patency. The placement of a temporary nephrostomy 
tube may be necessary if the damaged ureter cannot 
be stented or if the patient is not medically stable to 
undergo additional surgery.

43.4.3 Bladder Injury

The rate of reported bladder injuries in gynecologic 
surgery is greatly dependent on whether or not identifi-
cation using cystoscopy is performed at the time of sur-
gery, ranging from 3 to 129 per 1000 surgeries.14 Injuries 
to the bladder can result from any pelvic surgery includ-
ing trocar insertion at laparoscopy. Patients with a his-
tory of previous surgery, including caesarian section, 
malignancy, pelvic adhesions, and pelvic radiation, are 
at increased risk. Similar to ureteral injuries, bladder 
injuries can be grouped into those that require surgical 
repair and those that do not. Bladder abrasions or place-
ment of transmural sutures generally do not require 
surgical treatment. Small cystotomies that occur in the 
dome of the bladder and are under 1 cm in diameter will 
often close with only prolonged bladder decompression 
with a catheter. Large cystotomies, especially those near 
the trigone, require surgical repair.

43.4.4  Identification and Treatment 
of Bladder Injury

Intraoperative: Urine leaking into the operative field or 
the finding of blue dye from indigo carmine adminis-
tration may be clear-cut signs of a bladder injury, usu-
ally accompanied by reduction in urine output from the 
bladder catheter. Bladder injuries recognized intraop-
eratively should be immediately assessed and repaired 
if necessary.

Postoperative: Signs of a delayed bladder injury gen-
erally present early in the postoperative period and 
include pain, ileus, abdominal distention, urinary 
ascites, urine draining from the surgical incision or 
vagina, and elevated BUN and creatinine due to reab-
sorption from the peritoneal cavity. Such injuries are 
usually diagnosed using a retrograde cystogram. 
Delayed bladder injuries can also present as colovesi-
cal or enterovesical fistula.17,19,20 Symptoms include 
gross hematuria, frequency, irritative voiding, and 
the identification of feculent material in the urine. The 
diagnosis is generally confirmed using CT with oral 
and rectal contrast.

Treatment: Bladder repair is aimed at reconstituting 
integrity of the bladder wall and ensuring patency of 
the ureters. As noted earlier, cystotomies under 1 cm 
in diameter involving the dome of the bladder can be 
managed conservatively with catheter drainage for 1–2 
weeks followed by a retrograde cystogram to insure 
integrity of the bladder. Large cystotomies in the blad-
der that are not in proximity to the ureteral orifices are 
generally closed using a two-layer closure. The first 
layer closes the mucosa in a running fashion using a 2–0 
or 3–0 delayed absorbable suture. The second layer is 
used to reapproximate the seromuscular layer. A 2–0 or 
3–0 delayed absorbable suture can be used in a running 
fashion. The bladder is then filled in a retrograde fashion 
with sterile milk or saline with indigo carmine to dem-
onstrate that closure is complete. Bladder injuries that 
involve the trigone or are in close proximity to the ure-
ters require a more complex approach. Closure should 
be done following a cystotomy so the ureteral orifices 
are under direct visualization, and ureteral stenting may 
be required. Closure is accomplished from the inside of 
the bladder—closing the seromuscular layer first with 
a 2-0 or 3-0 delayed absorbable suture and closing the 
mucosal layer next with the same suture. Such closures, 
because they are more advanced than cystotomies in 
the dome, should be undertaken by trained individuals. 
Urinary catheterization should be continuous for 
2 weeks following any of the aforementioned.

43.4.5  Minimizing the Risk of Injury 
to the Urinary Tract

Common iatrogenic injuries to the bladder and ureters 
are usually due to one of the following: transection, 
ligation, or energy based. Avoiding injury to the ureter 
is best achieved by identifying the course of the ureter 
throughout the pelvis. This can be accomplished by 
entering the retroperitoneal space lateral to the infun-
dibulopelvic ligament and identifying the ureter on the 
medial leaf of the broad ligament. In clinical settings 
where the path of the ureter is distorted by scarring, 
endometriosis, or other conditions, the placement of 



477Complications in Gynecologic Surgery

© 2008 Taylor & Francis Group, LLC

ureteral stents can help identify injury as the surgeon 
can palpate the ureter throughout the surgical proce-
dure. Lighted stents provide a visual cue as well. The 
prevention of bladder injuries requires identifying the 
bladder, sometimes a challenge in cases of significant 
pelvic adhesions. Filling the bladder with saline under 
direct observation can help the surgeon identify the bor-
ders of the bladder in relationship to the lower uterine 
segment and can be helpful in both minimally invasive 
and open surgeries.

If in doubt, cystoscope. Cystoscopy is routinely per-
formed after some surgical procedures are performed 
(1) to treat urinary stress incontinence and anterior vag-
inal prolapse, such as Burch colposuspension, paravagi-
nal defect repair, pubovaginal sling procedures, and 
tension-free vaginal tape procedures (TVT); (2) to rule 
out intravesical placement of sutures or mesh; and (3) to 
verify ureteral patency.16 Intraoperative bladder per-
foration occurs in 3%–9% of cases involving TVT and 
other mid-urethral sling procedures that pass through 
the retropubic space21,22; hence, cystoscopy is especially 
necessary following these procedures. In general, the 
decision on whether or not to perform cystoscopy after 
other gynecologic procedures is left to the discretion of 
the operating surgeon; if there is any question as to the 
integrity of the urinary tract, cystoscopy preceded by 
intravenous indigo carmine can answer a number of 
questions quickly.

43.5  Gastrointestinal Complications 
of Gynecologic Surgery

It has been estimated that injury to the GI tract occurs 
in 0.05%–0.33% of cases, with a mortality rate as high 
as 3.6%.23 Injury from the stomach to the rectum can 
occur from any number of etiologies, including Veress 
needle placement, laparoscopic trocar placement, 
suture injury, lysis of adhesions, or dissection of tumor 
nodules. The mechanism of injury can be penetration, 
crush injury, devascularization, or energy based. The 
morbidity from a GI injury is directly related to tim-
ing; patients in whom the injury is recognized intra-
operatively can usually undergo primary repair of the 
involved segment and do well postoperatively. Patients 
in whom the injury is not recognized at the time of 
surgery typically present with secondary symptoms 
of sepsis, peritonitis, and fistula formation. Morbidity 
in this group is significantly increased; septic sequelae 
are more severe, and treatment often involves diver-
sion of the fecal stream with colostomy or ileostomy 
when injury involves the large intestine. Risk fac-
tors for intestinal injury are those conditions that are 

likely to cause adhesions and distort anatomy. These 
would include a history of endometriosis, diverticu-
lar or inflammatory bowel disease, pelvic inflamma-
tory disease, previous laparotomy, previous intestinal 
resection, pelvic malignancy, and pelvic or abdominal 
radiation treatment.

43.5.1  Identification and Treatment of 
Gastrointestinal Injury

If there is any question about a bowel injury, careful 
inspection is important to evaluate the entirety of the GI 
tract. The small intestine can be examined either laparo-
scopically or via laparotomy, from the ligament of Treitz 
to the cecum. Similarly, the colon can be inspected along 
its length. If a sigmoid injury is suspected, the sigmoid 
can be gently cross-clamped, insufflated using a proc-
tosigmoidoscope, and the pelvis filled with saline to 
detect any escaping gas. When an injury to the stom-
ach, small intestine, or large intestine is recognized 
intraoperatively, it should be repaired by an individual 
skilled in such repairs. When the surgeon is a gyneco-
logic oncologist, the repair often falls within the skills 
of the operating surgeon; currently, most gynecologists 
in general practice or other subspecialities will lack the 
skill set to perform this repair and should yield to a gen-
eral surgeon or other trained individual.

In general, small puncture wounds to the stomach can 
be irrigated and will heal without suturing; larger defects 
will require repair in one or two layers using either 
delayed absorbable or permanent sutures.24 Injuries to 
the small intestine if small are repaired perpendicular 
to the long axis of the intestine in one or two layers, 
using either delayed absorbable or permanent sutures. 
If the injury is greater than half the circumference of the 
segment, or if the repair causes a stricture of the lumen 
to less than 1–2 cm, then segmental resection and anas-
tomosis are indicated.25 Thermal injuries are generally 
best treated with resection and anastomosis as well, as 
the extent of the injury is often not obvious at the time 
it occurs. Any damaged area of small intestine that has 
suffered vascular compromise should also be treated by 
segmental resection and anastomosis. In addition, areas 
of small intestine in a patient who has been previously 
irradiated can be safely reanastomosed only if the areas 
in question were outside the radiated field; otherwise, 
a diverting procedure may be necessary.26

The management of colonic injuries depends on the 
size, location, and presence or absence of mesentery 
involvement. Injuries involving the serosa and small 
full-thickness injuries can usually be closed primarily 
with copious irrigation of the pelvis.23 Large injuries 
and those involving the mesentery should be treated 
with segmental resection and reanastomosis in hemo-
dynamically stable patients, while delayed injuries may 
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require diversion. As with injuries to other structures 
discussed in this chapter, prompt repair usually results 
in minimal or no morbidity to the patient. Cases of 
delayed intestinal perforation often cause much greater 
morbidity and mortality as the patients present with 
significant peritonitis and sepsis. One study found that 
one in five cases of delayed diagnosis of bowel injury 
resulted in death.27 Delayed repairs often require diver-
sion of the fecal stream, a procedure that carries with it 
significant quality of life issues for patients even if sub-
sequently reversed.

43.5.2  Minimizing the Risk of Injury to 
the Gastrointestinal Tract

In laparoscopic cases, especially those done for benign 
disease, preventative measures include using an alterna-
tive primary entry point such as the left upper quadrant, 
midclavicular line, or Palmer’s point, which allows the 
surgeon to visualize periumbilical and pelvic adhesions 

and dictates secondary trocar placement. Laparotomy 
incisions can be performed in a paramedial position 
or supraumbilically if necessary to minimize the risk 
of enterotomy during entry into the peritoneal cavity. 
Using sharp dissection to free bowel adhesions and 
avoiding the use of energy near intestine can also play 
an important role in prevention. The use of a nasogas-
tric or orogastric tube prior to laparoscopy will reduce 
likelihood of gastric injury by trocar or Veress needle. 
The role of mechanical preoperative bowel preparation, 
once believed mandatory for primary bowel anastomo-
sis, is uncertain. A recent review of 18 trials involving 
over 5800 participants found no statistically significant 
evidence that patients benefit from mechanical bowel 
preparation in elective colon surgery.28

In summary, even with the utmost preparation, opti-
mal outcome ultimately depends on the gynecologist’s 
knowledge of pelvic anatomy, meticulous technique, 
and appropriate index of suspicion regarding possible 
intraoperative complications.

How to Avoid Complications in Gynecologic Surgery

Complications Method of Avoidance Comments

Upper extremity 
neuropathy

Avoid shoulder braces, cushion arms, pad elbows, and all bony 
prominences

Avoid abduction greater than 90° from body

Generally self-limited
Responds to physical therapy

Ilioinguinal/
iliohypogastric 
neuropathy

Place lateral trocars at least 2 cm medial and superior to 
anterior superior iliac spine

Incise fascia only to external border of rectus muscle

Release suture

Obturator nerve 
injury

Retract external iliac vessels to maximize exposure
If transected, repair

Generally responds to physical therapy

Femoral neuropathy Avoid self-retaining retractors. If used, use shallow blades and 
cushion blades

In lithotomy, avoid excessive hip flexion, extreme external 
rotation of thighs

Generally responds to physical therapy

Sciatic and peroneal 
nerve injury

In lithotomy, maintain a 90° angle between thigh, leg, and 
abdomen. Avoid extreme external rotation/abduction of thighs

Generally responds to physical therapy

Complications in Gynecologic Surgery

Complications
Incidence 

(%) References Comments

Neurologic—lumbosacral 1.9 Bradshaw and Advincula1

Neurologic—iliohypogastric/ilioinguinal 4.9 Hyun Shin and Howard3

Neurologic—femoral nerve 12 Bradshaw and Advincula1 Data from abdominal hysterectomies
Sciatic and peroneal nerve 0.2 Pickett et al.10 Data from vaginal surgery
Vascular complications, laparoscopy 0.04 Pickett et al.10

Inferior epigastric vessel injury
Ureter injury 2–11 Kim et al.15 Surgery for incontinence or prolapse
Ureter and bladder injury 0.01

0.13
Gilmour et al.14 Subtotal hysterectomy, 

laparoscopic hysterectomy, other
Bladder perforation 3–9 Ward and Hilton21

Tamussino22

TVT and other midurethral sling procedures

Injury to GI tract 0.05–0.33 Sharp and Swenson23
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44.1 Introduction

Complications in pediatric surgery generally mirror 
those encountered in the adult population that 
are described elsewhere in this text. This chapter 
reviews complications resulting from some of the 
surgical disorders that are unique to infants and chil-
dren. Specifically, it focuses upon complications of 
esophageal atresia, congenital diaphragmatic hernia, 
Hirschsprung disease, anorectal malformations, and 
pyloric stenosis. With all of these disorders, complica-
tions can result directly from operative management, 
but the pathophysiology of most of them is character-
ized by elements that are not completely solved by an 
operation and therefore contribute to short- and long-
term morbidity.

44.2 Esophageal Atresia

Esophageal atresia, including several variants of tracheo-
esophageal fistulas, has an incidence of approximately 1 
in 3000 live births [1]. In about 64% of cases, infants with 
esophageal atresia and tracheoesophageal fistula have 
an associated anomaly [2]. Congenital cardiac defects 
are the most common of these and are found in about 
35%. Esophageal atresia also has an association with tri-
somies 13, 18, and 21. When a baby is diagnosed with 
esophageal atresia, it is essential to evaluate for anoma-
lies consistent with the VACTERL (vertebral anomalies, 
anorectal malformation, cardiac defect, tracheoesopha-
geal fistula, renal defect, limb deformity) syndrome [3].

Gross described five variations of esophageal atresia 
and tracheoesophageal fistula. Type C (86%) is the most 
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common and is an esophageal atresia with a distal tra-
cheoesophageal fistula. Type A (7%) is an esophageal 
atresia without a tracheoesophageal fistula and Type E 
is an H-type fistula without atresia [4].

The diagnosis of esophageal atresia can be suggested 
in utero with a demonstration of polyhydramnios and/
or a small stomach on ultrasound [5]. Neonates usually 
present with coughing or choking with feedings. The 
diagnosis is made when a suction catheter is seen to 
coil in the proximal esophagus. If the abdomen is per-
sistently gasless, this suggests a pure esophageal atresia 
without a fistula.

The overall survival rate of neonates with esophageal 
atresia is 97%. Spitz identified two risk factors for poor 
outcome: birth weight less than 1500 g and major, con-
genital cardiac malformations. Survival for neonates 
with esophageal atresia and a birth weight under 1500 g 
drops to 60%. If a baby has both a cardiac malformation 
and a birth weight of less than 1500 g, their survival is 
only 27% [6].

44.2.1 Preoperative Complications

Appropriate preoperative management is essential 
in infants with esophageal atresia in order to prevent 
respiratory and gastrointestinal complications. It is 
important to decompress the esophageal pouch with 
a Replogle tube as soon as the diagnosis is made. This 
helps to avoid aspiration of pooled secretions. These 
babies should also have the head of their bed elevated 
to 30°–45° in order to prevent reflux of gastric contents 
into the airway through the tracheoesophageal fistula.

Endotracheal intubation should generally be avoided 
in esophageal atresia. If neonates are in respiratory dis-
tress and needs to be intubated, they can be difficult to 
manage because the path of least resistance for air is the 
fistula, and positive pressure will preferentially fill the 
stomach and intestine instead of the lungs. If excessive 
air accumulates in the stomach, it can lead to perforation 
[7]. Options for the management of gastric perforation 
include needle decompression of the abdomen and ini-
tiation of high-frequency ventilation on the way to the 
operating room followed by obtaining rapid access to 
the abdomen and occluding the gastroesophageal (GE) 
junction, placement of a gastrostomy tube to water seal, 
bronchoscopy to occlude the fistula with a Fogarty cath-
eter, transgastric fistula occlusion, passage of a cuffed 
endotracheal tube distal to the fistula, or an emergency 
transpleural ligation of the fistula [8].

44.2.2 Operative Complications

The operative management of esophageal atresia with a 
tracheoesophageal fistula can be open or thoracoscopic. 
The open approach is through a right posterolateral 

thoracotomy, unless the patient has a right-sided aortic 
arch. An extra-pleural approach is used to expose the 
esophagus. The fundamental steps of the operation are 
identification and division of the tracheoesophageal fis-
tula and construction of an esophagoesophagostomy. 
Intraoperative maintenance of oxygenation may be dif-
ficult as positive pressure ventilation is avoided until 
the fistula is ligated, in order to avoid gastric distension. 
Hypoxia is managed by allowing for intermittent expan-
sion of the right lung during dissection of the fistula.

The H-type fistula is approached via a right neck inci-
sion, and the pure esophageal atresia, which is associ-
ated with a long gap, is usually approached with a staged 
operation with initial placement of a gastrostomy.

The most common complications of esophageal atre-
sia repair are anastomotic leak and stricture. Factors 
that predispose to stricture and leak are a long distance 
between the proximal pouch and the distal fistula, 
excessive tension across the suture line, and aggressive 
mobilization of the distal fistula.

Anastomotic leaks occur in about 15% of cases. Most 
are managed nonoperatively with chest tube drainage 
and seal within 4 weeks [9]. The use of fibrin glue over 
the anastomosis is reported to decrease the incidence of 
leak [10]. Only 5% of leaks require operative exploration, 
usually because of sepsis or hydropneumothorax. An 
attempt at another repair is only undertaken if there is 
minimal contamination and the ends of the esophagus 
appear healthy and viable. Most will require a segmen-
tal esophagectomy with a cervical esophagostomy and 
drainage of the pleural space and mediastinum. These 
cases will later require reconstruction of the esophagus.

Esophageal stricture (Figure 44.1) is reported to occur 
in 37%–49% of cases [9]. The factors that predispose 
to stricture include a two-layered anastomosis, anas-
tomotic tension, use of silk suture, anastomotic leak, 
and acid reflux. More than 80% of strictures respond to 
fewer than four dilations. Pneumatic balloon dilation 
is preferable to bougienage, but esophageal perforation 
may occur with any method [11].

A missed or recurrent fistula complicates about 
10%–15% of cases during the first year, typically pre-
senting with persistent respiratory compromise. The 
incidence of recurrent fistula is greater in those infants 
with an end to side anastomosis or an early leak [12].

Recurrent laryngeal nerve palsy has been reported in 
as many as 20% of cases [13]. Vagus nerve injury has 
been described, but it is unclear whether the nerve is 
compromised during the esophageal dissection or may 
be congenitally anomalous. Almost all patients with 
esophageal atresia have esophageal dysmotility and 
gastroesophageal reflux, which can lead to failure to 
thrive.

The thoracoscopic approach is transpleural, but the steps 
of the operation are the same. It is difficult to accomplish 
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in infants that weigh less than 2 kg or in those that have 
lung disease. The purported advantage of the thoraco-
scopic operation is prevention of winged scapula and 
scoliosis, which can occur after a thoracotomy in which 
the serratus anterior and latissimus dorsi muscles are 
divided with an incidence of 8%. With a muscle-sparing 
thoracostomy, these complications can be avoided.

Thoracoscopic esophageal atresia repair has been 
reported to have a leak rate of 7.6% and at least one dila-
tion is required in 31.7%. A recurrent fistula occurs in 
about 2% [14].

44.3 Congenital Diaphragmatic Hernia

Congenital diaphragmatic hernia (CDH) occurs in 1 in 
2000–5000 births [15,16]. The overall survival of infants 
born alive with a CDH is approximately 60%, but 
reported survival ranges from 25% to 83% [16], based 
upon the variable severity of cases that present to partic-
ular centers. These statistics do not account for as much 
as one-third of fetuses with CDH who are stillborn [17]. 
Approximately one-third of neonates with CDH require 
extracorporeal membrane oxygenation [18], indicating 
the severe physiological derangement that is frequently 
associated with CDH.

Complications attributable to CDH are due much 
more to the pulmonary hypoplasia and pulmonary 
hypertension that accompany the malformation than to 
the medical and surgical treatment.

44.3.1 Respiratory Complications

Pulmonary hypoplasia and corresponding pulmonary 
hypertension are of central importance in neonates 
with CDH. Pulmonary hypoplasia may, in fact, precede 
abnormal formation of the diaphragm in the pathogen-
esis of the disease [19]. Short- and long-term outcomes in 
CDH depend primarily upon the severity and progres-
sion of lung impairment.

The pulmonary hypoplasia that accompanies CDH is 
probably not due merely to compression from herniated 
abdominal viscera. Pulmonary hypoplasia is bilateral and 
characterized by fewer airway generations, thickened 
alveolar septae, decreased type 2 pneumocytes, and fewer 
and abnormally muscularized small pulmonary arteries.

The lung–head ratio (LHR) on ultrasound is used as 
a prenatal metric to classify the degree of pulmonary 
hypoplasia. When the LHR is less than 0.6, mortality 
approaches 100% [20]. At birth, there is no definitive 
indicator of pulmonary hypoplasia that is incompat-
ible with long-term survival, although one study has 
suggested that failure to achieve a preductal pO2 that 
exceeds the pCO2 is a predictor of poor outcome [21].

The long-term outcome from pulmonary hypoplasia in 
children with CDH is variable. While most adolescents 
with a history of CDH have minimal pulmonary morbid-
ity [22], more than half of those who required extracorpo-
real membrane oxygenation (ECMO) have chronic lung 
disease that requires bronchodilators, supplementary 
oxygen, or ventilator support [23].

Pulmonary hypertension results from anatomically 
and functionally abnormal small pulmonary arteries. In 
infants with pulmonary hypertension, there is arterial 
oxygen desaturation accompanied by a pre- to postduc-
tal oxygen gradient due to right-to-left shunting through 
the ductus arteriosus and echocardiographic evidence 
of elevated pulmonary vascular resistance. The onset of 
severe pulmonary hypertension may be delayed until 
the second day of life. The pulmonary arterial circula-
tion in infants with pulmonary hypertension is exqui-
sitely reactive to pain, cold, and other stressors, which 
makes early repair of CDH particularly hazardous.

The management of pulmonary hypertension con-
sists of conventional mechanical ventilation and early 
escalation to high-frequency ventilation and ECMO, 
if necessary. Although nitric oxide is very effective in 
infants with pulmonary hypertension associated with 
other conditions such as meconium aspiration, it is only 
effective in about 10% of infants with CDH [24].

44.3.2 Operative Complications

44.3.2.1 ECMO

ECMO is required in about one-third of newborns with 
a CDH; therefore, its complications contribute to those 

FIGURE 44.1
An esophagram in a 9-month-old girl demonstrates an esophageal 
anastomotic stricture.
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of CDH. Among the significant complications of ECMO 
are bleeding, cardiovascular collapse, and cerebral 
ischemia.

Cannula site bleeding occurs in approximately 6.5% 
of cases and can usually be managed with direct pres-
sure, adjustment of the heparin infusion, or exploration 
of the wound.

Hemorrhage at other sites that may have otherwise 
been clinically irrelevant may be exacerbated by hepa-
rinization. In particular, dramatic thoracic bleeding may 
result from placement of a chest tube in an infant on 
ECMO due to lung or intercostal vessel injury. Therefore, 
chest tube placement should rarely if ever be performed 
on ECMO. Devastating intracranial hemorrhage can 
occur, and this risk mandates that a head ultrasound be 
performed prior to cannulation to rule out subclinical 
choroid plexus bleeding. The risk for intracranial hem-
orrhage is one of the reasons why premature infants are 
not candidates for ECMO. When significant hemorrhage 
occurs at any site, ECMO usually must be discontinued.

Systemic hypotension is common on ECMO and can 
lead to intracranial hemorrhage if not treated with vaso-
pressors. Pericardial tamponade may result from atrial 
injury by the venous cannula tip. A narrowed pulse 
pressure might be the initial manifestation, and diagno-
sis would be confirmed by ultrasound.

Intracranial infarction has been demonstrated in 8.3% 
of neonates undergoing ECMO. Seizures occur in a 
similar proportion, and 50% of those affected will have 
long-term developmental morbidity [25]. The incidence 
of cerebral ischemia is less when venovenous ECMO is 
used [26] as the carotid artery is left intact. Repair of the 
carotid artery after venoarterial ECMO has not been 
shown to improve neurological outcomes.

44.3.3 CDH Repair

Repair of a CDH does little to improve respiratory 
physiology but can exacerbate pulmonary hypertension 
if medium size pulmonary arteries remain reactive. 
Therefore, it is important that infants be on minimal 
supplementary oxygen, require no vasopressors, and 
have no ultrasonic evidence of pulmonary hypertension 
prior to CDH repair.

Intraoperative bleeding can occur during repair, 
particularly when repair is done while heparinized 
on ECMO. Aminocaproic acid is administered in this 
setting, and dissection of the posterior rim of the dia-
phragm is avoided in order to reduce hemorrhage. This 
usually necessitates the placement of a patch.

When a significant proportion of the abdominal con-
tents are herniated into the chest, reduction into the peri-
toneal cavity may precipitate abdominal compartment 
syndrome. If abdominal closure results in increased 
airway pressures, a staged closure may be indicated 

using vacuum-assisted closure or a patch closure of the 
fascia in order to avoid compartment syndrome in the 
postoperative period.

Infrequently, a chylothorax develops pre- or postop-
eratively either ipsilateral or contralateral to the CDH 
repair. The etiology of chylothorax is not completely 
understood. Some believe that it results from injury to 
the thoracic duct in the course of patch placement, but 
this does not explain the occurrence of a chylothorax 
prior to CDH repair. Central venous thrombosis second-
ary to ECMO may contribute to a chylothorax by pre-
venting drainage from the thoracic duct into the venous 
circulation. A unifying explanation is that CDH can be 
associated with lymphatic malformations that prevent 
normal lymphatic flow. A chylothorax is diagnosed 
by elevated thoracic fluid triglycerides and a lympho-
cyte count over 90%. Treatment consists of making the 
patient NPO (nil per os) or transitioning to a medium-
chain triglyceride formula, administration of octreotide, 
and, if conservative measures are unsuccessful, pleurec-
tomy and pleurodesis [27].

Patch closure of the diaphragmatic defect is indicated 
when the diaphragm cannot be closed without tension. 
Whether a patch is composed of a prosthetic material 
like Gortex® or a collagen matrix, hernia recurrence rate 
is about 40% [28]. Recurrent hernias may not become 
apparent for several years. The diagnosis is typically 
suggested by respiratory symptoms or intestinal 
obstruction. If a chest radiograph does not demonstrate 
a recurrent hernia (Figure 44.2), a CT scan with oral 
contrast may be more sensitive, particularly for small 
defects. Options for managing a recurrent CDH include 

FIGURE 44.2
Chest x-ray shows a recurrent congenital diaphragmatic hernia in a 
3-year-old boy. Smaller hernias may only be apparent on CT scan.
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replacement or augmentation of the original patch and, 
in some cases, latissimus dorsi muscle flap closure.

Thoracoscopic repair of CDH is an alternative to open 
transabdominal repair in infants without any respira-
tory instability. Retrospective comparisons with open 
repair have shown higher recurrence rates with thoraco-
scopic repair [29]. Because of the difficulty in mobilizing 
the posterior rim of the diaphragm with this approach, 
repairs have been more likely to be under tension than 
when an open approach is used, likely leading to more 
frequent recurrence. A more liberal use of patch clo-
sures in thoracoscopic repairs may bring the incidence 
of recurrence more in line with open repair.

44.4 Anorectal Malformations

Anorectal malformations occur as a wide spectrum of 
anatomical disorders, each of which carries particular 
risks for complications due to both their underlying 
pathophysiology and the corrective procedures that are 
performed, which include posterior sagittal anorecto-
plasty (PSARP) and laparoscopic-assisted pull-through. 
The management of these malformations has been rev-
olutionized over the last three decades, and improve-
ments in the understanding of their gross and functional 
anatomy have led to much improved outcomes [30]. 
Nonetheless, many patients with anorectal malforma-
tions suffer complications that dramatically impact 
their overall health and quality of life. Meticulous eval-
uation, operative technique, and postoperative manage-
ment can reduce the incidence and severity of adverse 
outcomes in this complicated population of patients, 
although abnormal sphincter muscle and innervation 
limit the potential for normal function in many and 
emphasize the importance of supportive care.

Anorectal malformations progress in severity from 
perineal fistula to persistent cloaca. Even the most 
apparently straightforward lesions can be complicated 
in the short and long term if diagnosis and management 
are flawed. Complications associated with anorectal 
malformations can be reviewed in the context of diag-
nosis and evaluation, operation, and long-term postop-
erative management.

44.4.1 Diagnosis and Evaluation

Accurate diagnosis of anorectal malformations is essen-
tial for reducing the incidence of complications.

Although any malformation should be identifiable 
on routine newborn examination, perineal fistulas 
are occasionally missed and are not identified until 
a child presents with constipation. By this point, a 

megarectum, which can exacerbate constipation follow-
ing an anoplasty, is likely to have developed.

The diagnosis of girls with a persistent cloaca might 
be more difficult for those not familiar with the perineal 
anatomy of infants. Without careful identification of a 
normal urethral meatus, a persistent cloaca might be 
misdiagnosed as a recto-vestibular fistula, and identifi-
cation and treatment of the hydrocolpos that can occur 
in cloacal malformations might be neglected [31]. As 
untreated hydrocolpos can lead to urethral obstruction 
and subsequent renal injury, diagnostic accuracy in girls 
with anorectal malformations is particularly important.

Anorectal malformations are frequently part of the 
VACTERL association, and comprehensive evaluation 
for these disorders is essential [32]. In particular, an echo-
cardiogram must be performed prior to any operative 
intervention to avoid cardiovascular decompensation. 
In addition, a spinal ultrasound should be obtained in 
the neonatal period in order to identify a tethered spinal 
cord, which can contribute to future incontinence.

44.4.2 Operation

Except in cases with a perineal fistula, infants with 
anorectal malformations frequently undergo colostomy 
prior to a staged, definitive repair. Potential compli-
cations of colostomy in this setting include prolapse, 
overflow of stool into the distal rectum, compromise of 
the length of the rectum necessary for the ultimate pull-
through, and metabolic acidosis secondary to urine 
reabsorption from a urethral fistula. The incidence of 
these complications can mostly be prevented by place-
ment of an end-descending colostomy with a separated 
mucus fistula [33].

A sigmoid or transverse colostomy may be most con-
venient to construct, but carries a greater risk for pro-
lapse than an end-descending colostomy, which is held 
in place by retroperitoneal attachments. A sigmoid 
colostomy can compromise a subsequent pull-through 
by limiting the available length of rectum. Alternatively, 
a transverse colostomy leaves a long segment of distal 
colon potentially exposed to urine, which can result in 
metabolic acidosis.

The construction of a loop colostomy risks stool over-
flow into the distal rectum and fecaloma formation, 
which can compromise a subsequent PSARP or lapa-
roscopic-assisted pull-through and result in a megar-
ectum. Access to the distal rectum is important, but is 
best accomplished with the placement of a mucus fistula 
15 mm from the colostomy.

Accurate definition of the muscle complex, which 
mediates continence, using electrical stimulation is 
essential, whichever operative approach is used. When 
the rectum is placed outside of the muscle complex, 
constipation and/or incontinence will result, depending 
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upon the underlying anatomy. Magnetic resonance 
imaging (MRI) is useful for evaluating the location of 
the rectum, and when misplacement is identified, a 
revision of the anoplasty may be indicated [34]. In the 
past, the “cutback” anoplasty was frequently used for 
perineal fistulas, but this may increase the incidence of 
wound dehiscence, constipation, and incontinence.

The mismanagement of the urethra can result in uri-
nary leakage or fistula. If a recto-bulbar urethral fistula 
is not recognized, a persistent fistula will result. This 
emphasizes the importance of a preoperative colosto-
gram for identifying congenital fistulas of the urethra. 
A recurrent fistula may result from incomplete control 
of the urethral fistula or from anterior dehiscence of 
anoplasty due to excessive tension. Finally, if a urethral 
catheter is not placed, urethral injury during an opera-
tion for a perineal fistula might occur more easily and, if 
unrecognized, result in recto-urethral fistula [35].

A urethral diverticulum may result when a recto-
urethral fistula is not divided flush with the urethra and 
a portion of rectum is retained in continuity with the 
urethra. This is particularly likely during a laparoscopic-
assisted pull-through [36]. This complication may pres-
ent in a delayed fashion with urinary dribbling, urinary 
tract infection, or even adenocarcinoma.

Significant rectal prolapse following PSARP occurs 
with an incidence of 3%, although it is perhaps more fre-
quent after laparoscopic-assisted procedures [37]. While 
prolapse can negatively affect the lifestyle of the patient 
and parent, it can also compromise functional results 
in terms of continence and constipation. Children with 
anorectal malformations are at particular risk for pro-
lapse because sphincter muscles are weak. During 
PSARP, it is important to secure the rectum to the deep 
component of the muscle complex. Since laparoscopic-
assisted procedures do not involve deep dissection 
in the perineum, the rectum should be sutured to the 
pelvic sidewall in order to decrease the incidence of 
prolapse.

Stricture of the anoplasty following any pull-through 
procedure is nearly inevitable if routine, postoperative 
dilations are not performed [38]. Typically, daily dila-
tions are started 2 weeks after the operation and con-
tinued for 4–8 weeks, until a 12–15 mm dilator can be 
passed. If the end of the rectum is ischemic or under 
excessive tension, a stricture may develop that is resis-
tant to dilation and a revision of the pull-through may 
be necessary.

44.4.3 Long-Term Postoperative Management

Despite meticulous diagnosis and operative technique, 
children with anorectal malformations are at significant 
risk for long-term incontinence and/or constipation, 
based upon their anatomy.

The incidence of incontinence after a pull-through 
for anorectal malformation ranges from nearly zero for 
perineal fistulas to greater than 80% for recto-bladder 
neck fisutulae and is inversely proportional to the 
degree of development of the muscle complex and 
innervation [39].

In some cases, pseudoincontinence can occur when 
liquid stool passes impacted stool in the setting of con-
stipation and a megarectum (Figure 44.3). And, as dis-
cussed earlier, when the rectum is not placed within 
the muscle complex, incontinence may occur even if 
the muscle is adequate. This situation can be diag-
nosed with MRI and may indicate a revision of the pull-
through. However, most children with frequent soiling 
or a complete lack of sensation for stool in the rectum 
have a neuromuscular etiology.

The central focus of the management of long-term, 
postoperative incontinence is bowel management. With a 
combination of enemas and constipating agents, children 
can avoid diapers and attend school without concern for 
accidents. Specifically, patients with true incontinence 
and a tendency toward constipation are given large-
volume saline enemas. Those with more diarrheal stool 
are given smaller volume enemas, in combination with 
a constipating diet, pectin, and loperamide [40]. As chil-
dren age, transanal enemas become difficult and a con-
tinent appendicostomy can be constructed as a route for 

FIGURE 44.3
A barium enema in a 3-year-old girl with constipation and a history 
of posterior sagittal anorectoplasty for a recto-vestibular fistula dem-
onstrates a megarectum.
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the administration of nightly, antegrade enemas [41]. 
Even children less than 10 years old can administer these 
independently.

Constipation frequently accompanies anorectal mal-
formations that are presented with a perineal fistula. 
Although more acceptable than incontinence, consti-
pation can be debilitating and mandates aggressive 
treatment to improve lifestyle as well as to prevent the 
development of a megarectum, which can exacerbate 
constipation [42].

The evaluation of constipation should include digi-
tal rectal exam to assure that there is no stricture at the 
anoplasty. A contrast enema is useful to assess for a 
megarectum, which might be managed with resection 
or tapering.

The management of those with true, functional con-
stipation involves a combination of intermittent disim-
paction, occasional enemas, and daily laxative therapy. 
Senna laxatives are particularly effective and their 
dose can be titrated as necessary to produce stool every 
1–2 days.

44.5 Hirschsprung Disease

Hirschsprung disease is a functional intestinal obstruc-
tion that results from incomplete aboral migration of 
ganglion cells. In a majority of cases, aganglionosis 
begins in the rectosigmoid, although in some the entire 
colon or even the small intestine is aganglionic. The dis-
ease typically presents with constipation in the newborn 
period and a failure to pass meconium within the first 
day of life, although a significant proportion of cases are 
not diagnosed until months or even years later.

The underlying principles of the operative manage-
ment of Hirschsprung disease are exclusion of the agan-
glionic segment of bowel and anastomosis of ganglionic 
bowel to a point near the dentate line. The surgical man-
agement of Hirschsprung disease has evolved over the 
last 20 years from routine leveling colostomy followed 
by a later, open pull-through procedure to a strategy of 
an early, one-stage, minimally invasive procedure [43].

The principal operations used in Hirschsprung 
disease are the Swenson [44], Soave [45], and Duhamel 
[46] procedures. All involve resection of aganglionic 
colon, as necessary, but differ in their management of 
the rectum. The Swenson operation is a very low ante-
rior resection of the rectum. In the Soave procedure, a 
rectal mucosectomy is performed in conjunction with 
a posterior split of the remaining muscular cuff. In the 
Duhamel operation, the extraperitoneal rectum is left 
intact and ganglionic bowel is brought posteriorly and 
anastomosed to it in a side-to-side fashion.

The short- and long-term complications that follow 
these procedures are both general and specific to the 
individual operations. Some of these adverse outcomes 
can be traced to technical issues while others are persis-
tent manifestations of Hirschsprung disease.

44.5.1 Short-Term Complications

Short-term complications related to operations for 
Hirschsprung disease can be septic or obstructive. In 
addition, failure to anticipate the possibility of total 
colonic aganglionosis can negatively impact care.

Anastomotic leaks are infrequent if meticulous tech-
nique is used. Ischemia at the anastomosis is unusual 
unless a long segment of colonic blood supply is com-
promised [47]. It is important to administer a mechani-
cal and antibiotic bowel preparation prior to any of the 
definitive operations for Hirschsprung disease as they 
all involve an intrapelvic dissection and anastomosis. 
Because of the underlying functional colonic obstruction, 
a mechanical bowel preparation may be incomplete and 
recto-colonic irrigations should be performed on-table 
prior to the initiation of the operation if there is doubt 
as to the adequacy of the antegrade bowel preparation. 
In addition, the operative field should be thoroughly 
irrigated prior to construction of the anastomosis. With 
these measures, the incidence of cuff abscess is only 
about 3% following procedures for Hirschsprung dis-
ease [48]. While persistent, postoperative fever and leu-
kocytosis might also indicate enterocolitis, as discussed 
in a subsequent section, this would also accompany pel-
vic infection from leak or intraoperative contamination 
and would indicate assessment with a CT scan. A pelvic 
collection could initially be managed with percutane-
ous drainage, but if rapid improvement did not occur, 
operative irrigation, drainage, and proximal diversion 
would be required.

In most cases, laparoscopic, seromuscular biopsies are 
obtained and sent for frozen-section analysis prior to 
initiating a pelvic dissection in order to define the level 
of aganglionosis. If an unrecognized mucosal injury 
occurs during a biopsy and this segment of bowel is 
left in place at the end of the operation, a pelvic abscess 
or free passage of stool into the peritoneal cavity could 
result. This would be indicated by a pneumoperitoneum 
far in excess of what would be expected within 1–2 days 
of laparoscopic insufflation with carbon dioxide.

In most cases, stool is passed within 1–2 days of the 
operation. When early obstruction occurs, the surgeon 
must suspect that the colon was twisted as it was pulled 
through the pelvis [49]. Although an entirely transanal 
pull-through is feasible, assuring that the colon did not 
twist within the pelvis, as well as histologically con-
firming the transition zone, is a compelling indication 
for laparoscopy, particularly in the Soave operation. 
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In the setting of delayed stool passage and a signifi-
cantly dilated colon, examination of the pull-through 
segment under anesthesia would be indicated.

Although it is usually possible to accurately define the 
ganglion cell transition zone by contrast enema, in rare 
cases this can be misleading and a patient believed to 
have a recto-sigmoid transition zone will be found to 
have total colonic aganglionosis when intraoperative 
biopsies are obtained [50]. This is of particular concern 
in newborns, who may not have developed significant 
colonic dilation proximal to the aganglionic bowel. 
Some surgeons advocate an ileo-anal pull-through in 
the setting of a newborn with total colonic Hirschsprung 
disease, but most recommend an immediate leveling 
ileostomy with the definitive pull-through delayed for 
1–3 years. If a surgeon performing a Soave operation 
proceeds with a transanal dissection and subsequently 
finds no colonic ganglion cells, it will be necessary to 
proceed with an immediate ileo-anal anastomosis as 
the mucosectomy has already been completed. Without 
proximal diversion, this could lead to morbidity from 
continuous passage of liquid stool.

44.5.2 Late Complications

Late complications after a definitive pull-through for 
Hirschsprung disease can result from errors in opera-
tive technique, but more frequently are due to mani-
festations of the disease itself. Children who have 
undergone an operation for aganglionosis can suffer 
from mechanical and functional obstructions, inconti-
nence, and enterocolitis.

Ischemic strictures may develop at the colo-anal 
anastomosis, particularly following the Soave or 
Swenson operation [47]. Although the colon has a rela-
tively robust blood supply, extensive devascularization 
of the pull-through segment can lead to ischemia and 
resultant stricture. Although serial dilations may be 
sufficient to manage an ischemic stricture, a revision 
of the pull-through or a Duhamel procedure may be 
necessary.

Patients who have undergone the Duhamel procedure 
can develop a mechanical obstruction from kinking at 
the top of the side-to-side colo-rectal anastomosis. In 
addition, the procedure routinely leaves a spur of native 
rectum intact superior to the anastomosis. Over time, 
this segment of rectum can lengthen and distend to the 
extent that it obstructs the colon proximal to the anas-
tomosis by a mass effect. It is not unusual for children 
who have undergone the Duhamel operation to require 
resection of the retained spur of rectum [51].

The objective of definitive operations for Hirschsprung 
disease is to bring bowel with ganglion cells to the anus. 
In some cases, the distal end of the pull-through segment 

may be completely or partially devoid of ganglion cells 
at the time of the anastomosis, and in others, ganglion 
cells may disappear over time.

Prior to the anastomosis during any of the operations 
for Hirschsprung disease, it is essential that the pres-
ence of ganglion cells be confirmed in the distal bowel 
by frozen-section analysis. Occasionally, a pathologist 
with limited experience in pediatric cases may identify 
ganglion cells when, in fact, they are absent. If this is not 
detected on subsequent permanent sections, symptoms 
should indicate a postoperative rectal biopsy and revi-
sion of the pull-through.

Ganglion cells migrate aborally in a manner similar 
to dripping paint. When only a part of the circumfer-
ence of the end of the pull-through segment is subjected 
to frozen-section analysis for ganglion cells, a transition 
zone pull-through may result, in which some part of the 
anastomosis is aganglionic [52]. Obstructive symptoms 
correlate with the percentage of the bowel circumfer-
ence that is aganglionic and an effort should be made to 
assess the entire circumference histologically prior to an 
anastomosis [53].

Ganglion cells present at the time of operation may 
disappear over time, possibly due to ischemia. Some of 
these cases may represent transition zone pull-throughs, 
but revision of the operation may be necessary.

Although Hirschsprung disease is relatively well 
defined as an absence of ganglion cells in the submuco-
sal and intermyenteric plexuses, other neuroenteric dis-
orders have yet to be clearly delineated histologically. 
Some of these, including intestinal neuronal dysplasia, 
in which there are giant ganglion cells that may be het-
erotopic, coexist in some patients with Hirschsprung 
disease and can lead to dysmotility, even after an appro-
priate operation [54]. In the setting of constipation fol-
lowing a pull-through procedure, the workup should 
include physical and imaging evaluations for mechani-
cal obstruction followed by rectal biopsy to assure that 
ganglion cells are present at the anastomosis. If these 
are unrevealing, laparoscopic, seromuscular biopsies 
may be indicated to identify intestinal neuronal dys-
plasia. In rare cases, focal involvement may indicate a 
repeat pull-through.

There are several etiologies for fecal incontinence after 
a pull-through procedure. The most common cause 
would be constipation with overflow incontinence. The 
diagnosis and management of this situation would be 
as described previously in the section regarding dys-
motility. Sphincter injury may occur due to retraction 
during an endorectal pull-through and this may result 
in incontinence. Finally, if the anastomosis is made at a 
level below the dentate line, the loss of transitional epi-
thelium may result in a sensory deficit and incontinence. 
Anal manometry may be valuable in this situation [47].
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The enterocolitis associated with Hirschsprung 
disease is due, at least in part, to abnormalities in the 
mucosal barrier function of the ganglionated bowel [55]. 
Although it can be exacerbated by distal obstruction pre-
operatively, enterocolitis occurs in as many as 17%–50% 
of children following a pull-through procedure.

Enterocolitis typically presents with bloody diarrhea, 
abdominal distension, emesis, and fever. There are no 
absolute diagnostic criteria, which may contribute to 
the wide variation in the reported incidence, but there 
should be a high index of suspicion for postoperative 
enterocolitis and treatment should be rapidly instituted. 
Treatment consists of intravenous antibiotics, nasogas-
tric drainage, and rectal irrigation. Multiple episodes of 
enterocolitis should lead to concern for persistent agan-
glionosis, and rectal biopsies should be done [56].

There is reasonable evidence that the incidence of 
postoperative enterocolitis can be reduced by the admin-
istration of daily rectal irrigations and anastomotic dila-
tions for 3 months following a pull-through [57].

44.6 Pyloric Stenosis

Hypertrophic pyloric stenosis classically presents as 
non-bilious, projectile vomiting after feedings in infants. 
It is more common in boys than in girls and usually 
occurs at 2–8 weeks of age. The prevalence of pyloric 
stenosis ranges from 2 to 4 per 1000 live births [58].

The diagnosis can be made by physical examination in 
75% of cases, but this requires nasogastric decompres-
sion and a quieted infant. Five percent dextrose water 
may be given to the infant while right upper abdomen 
palpation is performed and often a rolling “olive” can 
be felt, although most physicians now depend on ultra-
sound to make the diagnosis. A pylorus longer than 15 
mm with a wall thickness of greater than 3–4 mm is 
considered diagnostic [59].

Pyloric stenosis does not require an emergency opera-
tion. Adequate fluid and electrolyte resuscitation should 
occur prior to an operation. Many of these patients have 
been vomiting for days, if not weeks, and will present 
with a hypochloremic, hypokalemic, metabolic alkalo-
sis. If left untreated, this contraction alkalosis will pre-
dispose to perioperative apnea or respiratory arrest.

There are several operative approaches to pyloro-
myotomy, all of which have the objective of splitting 
the thickened muscle fibers to alleviate obstruction. In 
the traditional open approach, a right upper quadrant 
incision is used to deliver the pylorus and perform the 
myotomy. A variation on this approach is to make a 
more cosmetically appealing transumbilical incision 

and deliver the pylorus though the umbilicus. A third 
approach is the laparoscopic pyloromyotomy, which 
is done through an infraumbilical port and two stab 
incisions, with the myotomy performed intracorpo-
really. Prior to induction, the anesthesia team should 
thoroughly decompress the stomach to prevent aspira-
tion [60].

The overall complication rate for a pyloromyotomy is 
reported as 3% [61]. Most complications occur when an 
overly aggressive myotomy causes a mucosal perfora-
tion or when an inadequate myotomy leaves the patient 
with persistent obstruction. Incisional hernias and 
wound infections are also described for this operation.

It is not uncommon for patients to vomit for 24–48 h 
after surgery due to the transient gastric dysfunction. 
When persistent vomiting occurs for more than 7 days, 
one must suspect an incomplete myotomy. The surgeon 
tries to avoid this complication by making sure there is 
independent motion of the superior and inferior edges 
of the myotomy. The incidence of incomplete myotomy 
is 1.4%–6% for the laparoscopic approach and less than 
0.5% for open pyloromyotomies [62].

Mucosal perforation occurs when the myotomy is 
extended through the mucosa. If unrecognized at the 
time of injury, this can become a potentially fatal com-
plication. Most perforations are recognized at the time of 
injury by direct visualization, leaking gastric content, or 
during insufflation of the stomach at the end of the pro-
cedure. If recognized at the time, it should be repaired 
and a new myotomy performed. The incidence of perfo-
ration is about the same with either the laparoscopic or 
open approach: 0.4%–2.3% versus 2%–3.6% [62–64].

Manipulation and grasping of the duodenum may 
result in a partial deserosalization or a full-thickness 
perforation. During the laparoscopic approach, this 
can be avoided by taking a large bite across the duo-
denum with an atraumatic grasper. A small bite of the 
thin duodenal wall can lead to a perforation. In the open 
operation, this injury can be avoided by making a large 
enough incision, so the pylorus can be delivered with-
out a struggle. The incidence of duodenal injury is about 
1% [64].

Incisional hernias are reported with both the laparo-
scopic and open approach with an incidence of about 
2%. The fascia at the infraumbilical port site should be 
approximated to prevent omental evisceration after lap-
aroscopic pyloromyotomy.

Preoperative antibiotics are not usually given for 
a pyloromyotomy. The incidence of wound infec-
tion is about 2%, which is appropriate for a clean case. 
Antibiotics are advocated for the open, transumbilical 
approach because the incidence of infection without 
antibiotics is 7%, as compared to 2.3% when they are 
given [65].
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Selected Complications of Esophageal Atresia and Tracheoesophageal Fistula

Complications Prevention Diagnosis Management

Preoperative 
pneumonia

Continuous suctioning of 
proximal pouch, elevation of 
head of bed, expeditious 
ligation of 
tracheoesophageal fistula

Respiratory decompensation Pulmonary toilet, antibiotics

Gastric perforation Avoidance of positive 
pressure ventilation prior to 
fistula ligation

Pneumoperitoneum, respiratory 
decompensation

Temporary needle aspiration, 
control esophagus at GE 
junction

Anastomotic leak Avoidance of tension, careful 
technique

Saliva in chest tube, contrast 
esophagram

Chest tube drainage, rare 
reexploration

Anastomotic 
stricture

Avoidance of tension and 
devascularization of distal 
segment, gastric acid 
blockade

Feeding intolerance, contrast 
esophagram

Balloon esophageal dilation and 
acid suppression, rare revision 
of anastomosis

Recurrent fistula Careful closure of fistula, 
avoidance of leak

Cough or pneumonia, contrast 
esophagram, and/or bronchoscopy

Reexploration and ligation

Scoliosis Muscle-sparing thoracotomy 
or thoracoscopic repair

Back pain, physical examination Spinal instrumentation in severe 
cases

Selected Complications of Congenital Diaphragmatic Hernia

Complications Prevention Diagnosis Management

Pulmonary 
hypertension

Prenatal tracheal plugging in 
selected cases, avoidance of pain 
and stress

Echocardiogram, pre- to 
postductal oxygen gradient

High-frequency ventilation, nitric 
oxide (rarely effective), ECMO

Bleeding on 
ECMO

Patient selection, avoidance of chest 
tubes, aminocaproic acid for repair 
on ECMO

Cranial ultrasound Limitation of heparinization, direct 
pressure, discontinuation of ECMO

Compartment 
syndrome

Silo or patch placement Respiratory compromise, 
hypotension, anuria

Decompressive laparotomy

Chylothorax None Elevated fluid triglycerides, 
lymphocytes

Medium-chain triglyceride diet, NPO, 
octreotide, pleurectomy with 
pleurodesis

Recurrent 
hernia

Avoid closure under tension, liberal 
patch use with thoracoscopic 
approach

Chest radiograph, CT scan Redo CDH repair

Selected Complications of Anorectal Malformations

Complications Prevention Manifestations Management

Diagnostic errors Careful examination of perineum Megarectum (missed perineal fistula), 
hydrocolpos (missed cloaca)

Rectal resection (megarectum), 
vesicostomy (hydrocolpos)

Errors of 
colostomy 
construction

Use end-descending colostomy with 
separate mucus fistula

Metabolic acidosis (transverse colostomy), 
overflow to distal rectum (loop), limited 
mobility for anoplasty (sigmoid colostomy)

Revision of colostomy as 
necessary

Urinary tract 
problems

Accurate definition of anatomy, 
urinary catheter, divide fistula on 
urethra

Recurrent fistula, urethral diverticulum Redo operation

Stricture of 
anoplasty

Avoid ischemia in rectum, careful 
dilation

Constipation Dilation, revision of anoplasty

Incontinence Precise placement of rectum within 
muscle complex, mostly due to 
neuromuscular deficits

Social compromise Redo anoplasty in selected 
cases, bowel management

Constipation Avoidance of stricture or 
megarectum, frequently inherent to 
low defects

Pain, failure to thrive Laxatives, dilation, rectal 
resection in selected cases
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45.1 Overview of Immunosuppression

The development of transplantation has dramati-
cally changed the fate of individuals presenting with 
end-organ failure. The collaboration of scientists and 
surgeons has led to greater understanding of the com-
plexities of immune response and paved the way to 
the discovery of agents that improve allograft survival. 
Fundamental knowledge of the immune response is 
paramount in understanding the pharmacological and 
physiological effects of drugs used to prevent organ 
rejection. In this chapter, we review the basics of trans-
plantation immunity and mechanism of action of immu-
nosuppressive agents and complications and strategies 
of prevention and management.

45.1.1 Basics of Immune Response

Immune response is classified broadly as innate and 
acquired; both having evolved over millions of years 
to offer protection against pathogens and prevent 
the development of disease. The innate and acquired 
immune systems work in a concerted fashion to optimize 
immune response to pathogens [1]. The innate response 
recognizes the general characteristics of pathogens or 

noxious stimuli, conferring a nonspecific defense to the 
host [2]. In general, the innate immune response acts as 
a barrier to infection, helps recruit immune cells to sites 
of infection, activates the complement cascade to iden-
tify and clear bacteria, identifies and removes any pos-
sible antigens present within the host, and activates the 
adaptive immune system.

Conversely, the acquired immune response recog-
nizes specific structural aspects of nonself substances 
in the form of peptides, carbohydrate moieties, and spe-
cific receptors. The complex mechanism of immunity is 
an integrated system that acts in concert to achieve opti-
mal overall response.

45.1.2 History of Immunosuppression

Seminal experiments by Medawar [3] illustrated the 
immunologic basis of graft rejection, and it was recog-
nized that for successful organ transplantation immu-
nosuppression is required. Initially, transplant pioneers 
used radiation and chemicals as nonselective immuno-
suppressive agents [4,5]; although the results were dis-
mal for long-term survival, the science of rejection and 
immunosuppression developed. Slowly, the advent of 
cyclosporine and prednisone combination for immuno-
suppression in the 1980s began the modern era of organ 
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transplantation. During this time, overall survival has 
increased. This is attributed to technical advances, 
improved safety of surgical procedures, efficacy, and safety 
of immunosuppression. While cyclosporine became 
the first drug that “selectively” inhibited specific adap-
tive immunity, “sparing” nonspecific host defenses, 
many more have come to the forefront making immuno-
suppression less dangerous. Thus, transplantation has 
become the accepted treatment modality for end-stage 
organ dysfunction.

45.2  Mechanism of Action of 
Immunosuppressants

To maintain allograft function and survival, transplant 
recipients must use pharmaceutical agents to prevent 
rejection. Clear understanding by surgeons and clini-
cians of the mechanistic action of the common agents 
used in transplantation and the complications asso-
ciated with immunosuppression is important in the 
management of the growing population of transplant 
patients. We will now explore the various types of 
immunosuppression and associated complications.

45.2.1 Types of Immunosuppression

Despite the tremendous advances made in transplanta-
tion over the last half century, agents used for immuno-
suppression remain nonspecific in action. Multiple agents 
are usually needed to control normal immune response 
necessitated by the redundancy of the immune system. 
Although we know that all patients do not have the same 
risk for rejection or propensity for complications, most 
transplant centers are not “patient-centered” in their 
utility of immunosuppressive agents. Inevitably, patients 
are exposed to the risk of “protocol-driven” immuno-
suppression. While immunosuppression can broadly be 
categorized into induction, maintenance, and antirejection 
therapy, these agents/regimens are used interchangeably:

 1. Induction therapy [6]: During the immediate 
posttransplant period, an induction regimen 
is introduced to establish an adequate level of 
immunosuppression. This initial conditioning 
of the recipient’s immune system is important 
for complete depletion of T-cell response and 
is tolerated for a brief period of time without 
lethal consequences. Due to the heightened 
state of inflammation during the first few days 
to months posttransplantation and increased 
exposure to various risk factors, some argue 

that it necessitates use of prophylactic induction 
immunosuppression in the early postoperative 
period. Although controversial, most transplant 
centers continue to use induction therapy in the 
form of steroids and various antibody infusion 
therapies (see Table 45.1).

 2. Maintenance therapy: Short- and long-term regi-
mens of maintenance therapy are necessary to 
combat the high risk of acute rejection during 
the first months after transplantation. The goal 
of the short-term maintenance therapy is to avert 
early acute rejection episodes, the occurrence of 
which appears to increase the risk of eventual 
graft loss [8]. Cyclosporine/tacrolimus may be 
administered alone, in combination with corti-
costeroids, or in a triple-drug combination with 
azathioprine or mycophenolate mofetil in long-
term maintenance therapy. Long-term main-
tenance immunosuppression regimens are 
calcineurin inhibitor (CNI) based and include 
steroids, with or without an additional mainte-
nance agent (see Table 45.1).

 3. Antirejection therapy: Although immune tolerance 
can develop, immunosuppression is required for 
the functional life of the graft. The discontinua-
tion of immunosuppression decades after trans-
plantation may lead to rejection. The majority of 
transplant failure is a result of rejection. There is 
significant pathologic consequence of excessive 
immunosuppression required for rejection ther-
apy; the key issue in treating rejection is defini-
tive diagnosis. Transplant centers and physicians 
may initiate empirical treatment of rejection; 
however, most prefer histological confirmation. 
Antirejection medications consist of rescue agents 
(see Table 45.1), which are generally the same 
agents used for induction therapy.

45.3  Complications Associated 
with Immunosuppression

By suppressing the body’s defensive immune functions, 
all immunosuppressive regimens can lead to increased 
rates of systemic or localized infections and increased 
risk of malignancy. Normal cell function is altered on the 
molecular level, which results in undesired, nonimmune 
side effects, including direct organ toxicity and injury. In 
discussing the complications associated with transplant 
recipients in both bone marrow transplantation (BMT) 
and solid organ transplantation (SOT), an emphasis 
will be on SOT in this chapter with the caveat that both 
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TABLE 45.1

Immunosuppressive Agents and Their Side Effects

Category Agent/Drug Mechanism of Action Common Side Effects/Comments

Induction Corticosteroids 
(hydrocortisone, 
prednisone, prednisolone, 
methylprednisolone)

Suppress antibody and complement binding, 
upregulate IL-10 expression, downregulate IL-2, 
IL-6, and interferon gamma synthesis by T cells 
(Vacca et al. 1992, Ray et al. 1990, Verhoef 1999)

Diabetes
Weight gain
Impaired wound healing
Adrenal insufficiency osteoporosis
Gastrointestinal ulcers

Antithymocyte globulin 
(ATGAM, RATG)

Polyclonal antibody against T-cell epitopes, leads 
to T-cell depletion via complement-mediated 
lysis and opsonization, interferes with T-cell 
receptor signaling (Merion et al. 1998)

Cytokine release syndrome 
(premedication indicated)

Thrombocytopenia
Leukopenia

Muromonab-CD3 (OKT3) Monoclonal antibody directed against CD3–T-cell 
receptor complex, causes depletion of T cells

Severe cytokine release syndrome 
(premedication indicated)

Pulmonary edema
Renal insufficiency
Neurological dysfunction

Basiliximab (Simulect®) Chimeric monoclonal anti-IL2 receptor antibody 
with high-affinity binding to CD25 on T cells, 
thereby inhibiting proliferation of T cells

Allergic reaction (premedication may 
be indicated)

Daclizumaba (Zenapax®) Chimeric monoclonal anti-IL2 receptor antibody 
with high-affinity binding to CD25 on T cells, 
thereby inhibiting proliferation of T cells

Allergic reaction (premedication may 
be indicated)

Rituximabb Chimeric antibody against CD20 on B cells, 
facilitates B-cell depletion

Hypersensitivity/allergic reaction 
(premedication may be indicated)

Alemtuzumab 
(Campath-1H®)

Monoclonal chimeric antibody against CD52 on 
both T and B cells. CD52 is present on mature 
lymphocytes, monocytes, and B cells

Bone marrow suppression
Thyroid disease
Cytokine release syndrome
Autoimmune idiopathic 
thrombocytopenia and autoimmune 
hemolytic anemia

Infusion reactions
Severe infections

Intravenous 
immunoglobulinb

Works via several mechanisms: neutralization of 
circulating autoantibodies and alloantibodies, 
down regulation of Fc-mediated mechanisms

Maintenance Corticosteroids See above
Azathioprine (Imuran®) Prodrug (purine analogue) converted to 

6-mercaptopurine and other metabolites, which 
inhibit DNA synthesis in rapidly dividing cells

Mycophenolate mofetil 
(MMF®, Cellcept®)

Mycophenolate sodium 
(Myfortic®)

Prodrug converted to mycophenolic acid (MPA). 
MPA inhibits inosine monophosphate 
dehydrogenase, prevents GMP formation, and 
leads to selective inhibition of B- and T-cell 
proliferation

Diarrhea/colitis neutropenia
Anemia

Leflunomide (Arava®) Antimetabolite prodrug, which inhibits tyrosine 
phosphorylation and dihydro-orotate 
dehydrogenase, used in pyrimidine synthesis

See above MMF
Diarrhea
Alopecia
Asymptomatic liver transaminase 
elevation

Cyclosporine Derived from fungus, Cylindrocarpon lucidum, 
inhibits T-cell activation by binding intracellular 
cyclophin, reduces calcineurin activation

Hypertension
Nephrotoxicity
Neurotoxicity
Gingival hyperplasia
Hirsutism
New onset diabetes
Hyperlipidemia

(continued )
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patient populations have similar manifestations of the 
complications associated with immunosuppression. 
BMT recipients tend to have additional infectious risk 
due to the ablative therapy and compromised anatomic 
barriers and long-term immune depression.
Infections: The most frequent complication after trans-
plantation is infection. Viral, respiratory, and urinary 
tract infections are common in the first months after 
transplantation [9–11]. Infection risk stratification in 
transplant patients is determined by a “semiquantita-
tive relationship” between two factors: the epidemio-
logic exposures of the individual and the “net state of 
immunosuppression” [12].

The epidemiologic factors are determined by a 
detailed history by a clinician of potential encounters 
with a variety of pathogens. According to Fishman 
et al. [11], epidemiologic factors are divided into donor-
derived infections, recipient-derived infections, nosocomial 
infections, and community infections. With the initiation 

of immunosuppression, latent pathogens are frequently 
reactivated. The importance of prior exposure varies 
based on the immunological deficit in the recipient. 
Bacterial and fungal infections are common culprits in 
the setting of neutropenia, while viral (CMV) and intra-
cellular pathogens such as tuberculosis (TB) are com-
mon in T-cell depleted states [13]:

 a. Community-acquired pathogens (CAPs) are organ-
isms that a recipient is in contact with within 
a community. CAPs include common bacterial 
pathogens such as Mycoplasma, Streptococcus 
pneumoniae, Legionella, Listeria monocytogenes, 
and Salmonella. Common respiratory viruses 
(respiratory syncytial virus [RSV], influenza, 
parainfluenza, adenovirus, and others) can 
cause marked morbidity in transplant recipients. 
Although there is reduced efficacy in immuno-
compromised patients [14], vaccinations for 

TABLE 45.1 (continued)

Immunosuppressive Agents and Their Side Effects

Category Agent/Drug Mechanism of Action Common Side Effects/Comments

Tacrolimus A macrolide isolated from Streptomyces 
tsukubaensis inhibits IL-2 and interferon gamma 
by binding FKBP12, which inhibits calcineurin 
and T-cell activation

Hypertension
Diabetes
Hyperlipidemia
Neurotoxicity (tremors)
Gingival hyperplasia

Sirolimus (Rapamune®) A macrolide isolated from Streptomyces 
hygroscopicus binds to FKBP12, the complex 
inhibits mammalian target of rapamycin and 
IL-2-dependent T-cell proliferation

Poor wound healing
Increased cholesterol
Thrombocytopenia
Ulcers
Pneumonitis

Everolimus Semi-synthetic form of sirolimus that binds to 
FKBP12, the complex inhibits target of 
rapamycin and IL-2-dependent T-cell 
proliferation

Same as above

Belatacept Fusion protein of CD152 (CTLA-4) and IgG1 that 
binds CD80/86 on APC, prevents interaction 
with CD28 on T cell, thereby impairs 
costimulation and T-cell activation

Not recommended to liver transplant 
patients

Increased risk of PTLD
Neutropenia

Fingolimod Derived from fungus Isaria sinclairii, an analogue 
of sphingosine. Antagonist of sphingosine that 
leads to sequestration of lymphocytes in 
lymphoid tissue

Reversible bradycardia
Gastrointestinal symptoms; diarrhea, 
nausea, vomiting

Increased liver enzymes
Deoxyspergualin Derivative of antitumor antibiotic spergualin. 

Unclear mechanism, involved in modulation of 
APC

Investigational drugc

Leukopenia
Dysgeusia

Antirejection Corticosteroids See above
Muromonab-CD3 See above
Antithymocyte globulin See above
Intravenous 
immunoglobulinb

See above

Source: Kirk, A.D., Transplantation, 82(5), 593, September 15, 2006; Marcen, R., Drugs, 69(16), 2227, November 12, 2009.
a No longer available in the United States.
b Used for highly sensitized transplant recipients undergoing kidney transplantation and ABO incompatible pairings. APC-antigen presenting 

cell. FKBP12-FK-binding protein.
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influenza virus and pneumococcus are recom-
mended. The frequency of multiple simulta-
neous pathologies distinguishes a transplant 
recipient from the normal individual. As such, 
common pathogens seen in the “normal popula-
tion” are also culprits in the transplant popula-
tion. Endemic pathogens in various geographic 
locations when exposed to recipients can cause 
severe morbidity. These include endemic fungi 
(Histoplasma capsulatum, Coccidioides spp., 
Blastomyces dermatitidis, and Cryptococcus gat-
tii) and other environmental pathogens such 
as Cryptococcus neoformans, Aspergillus spp., 
Nocardia spp., and Cryptosporidium spp. [13].

 b. Donor-derived infection (DDI) is derived from 
the donor organs or tissues, which then sub-
sequently get activated in the recipient [15,16]. 
Although organ donors are screened to avoid 
transmission of infections to transplant recipi-
ents, transmission of infection from donor to 
recipient still occurs. Latent pathogens in trans-
planted tissues and unrecognized donor infec-
tion are important determinants of DDIs in 
recipients. Cadaveric donor–associated infec-
tion of human immunodeficiency virus (HIV), 
West Nile virus, rabies, and Chagas disease 
have been reported in the literature [17–21]. 
Morbidity associated with these infections in 
immunocompetent patients can be self-limited 
with strong immune response. However, 
transplant recipients with these infections 
deteriorate rapidly with severe neurologic 
damage, rapid progression, and death due to 
immunosuppressive therapy. Presently, rou-
tine screening of donors using serology is not 
definitive in making a diagnosis in an infected 
donor organ, because seroconversion may not 
occur initially and detection can be missed [22]. 
It is therefore inevitable that an organ inhabited 
by pathogen will be transplanted, and acceler-
ated infectious process will ensue in the recipi-
ent by immunosuppression. Specific screening 
of endemic pathogens in various geographical 
locations (e.g., West Nile virus, Chagas dis-
ease) is recommended. In addition, enhanced 
donor screening with improved assays by 
organ procurement organizations will help curb 
the transplantation of donor-infected organs. 
Specific prophylaxis can be provided to recipi-
ents for seropositive donors; similarly organs 
from donors infected with various viruses, for 
example, hepatitis B and C (HBV and HCV), can 
now under certain protocols be considered for 
transplantation in specific recipient population 

with known exposure [23–27], thereby avert-
ing known catastrophe. The importance of 
informed consent cannot be overemphasized in 
such situations. Potential donors with unknown 
infectious process, fever of unknown origin, or 
encephalitis can be avoided to eliminate the risk 
of implanting an infected organ. See Table 45.2 
for a list of important transplant pathogens.

 c. Recipient-derived infections commonly encoun-
tered are TB, certain parasites (e.g., Strongyloides 
stercoralis and Trypanosoma cruzi), viruses 
(e.g., varicella zoster virus, HBV, HCV, and 
HIV), and endemic fungi (e.g., Histoplasma cap-
sulatum, Coccidioides immitis, and Paracoccidioides 
brasiliensis) [12]. Similar strategies for screening, 
prevention, and management are employed 
for these pathogens as described for DDIs. The 
important goal of pretransplant evaluation is to 
identify latent infections so as to develop a pre-
ventive strategy for each.

 d. Nosocomial infections in transplant recipients are 
particularly ominous in the early posttransplant 
period. Patients with prolonged hospitalizations 
or who require mechanical ventilation are at 
highest risk for exposure. Common examples of 
nosocomial pathogens are Gram-negative bacilli 
(Pseudomonas aeruginosa, Legionella spp., Klebsiella 
pneumoniae, E. coli faecalis), Gram-positives (both 
vancomycin-resistant enterococci and methi-
cillin-resistant Staphylococcus aureus [MRSA]), 
fungi such as Aspergillus spp. and nonalbicans or 
azole-resistant Candida species, and Clostridium 
difficile that causes colitis [28,29].

45.4 Risk of Infection in Transplant Recipients

The essential determinants of risk of infection are the 
dose, duration, and sequence of immunosuppression 
therapies. The totality of factors such as immunosup-
pressive therapy, previous therapies (chemotherapy, 
antimicrobial therapy, blood transfusions), presence of 
catheters or drains, neutropenia, lymphopenia, underly-
ing immunodeficiencies (e.g., hypogammaglobulinemia, 
systemic lupus erythematosus), metabolic conditions 
(e.g., uremia, malnutrition, diabetes, cirrhosis), and viral 
infections (e.g., CMV, HCV, HBV, HIV) all refer to the net 
state of immunodeficiency [11]. The identification and cor-
rection of any modifiable risk factor are essential for the 
prevention and treatment of the infection.

Immunosuppression regimens vary from center to cen-
ter, with the organ transplanted and patient population. 
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For example, in deceased donor kidney transplantation 
induction therapy with include Antithymocyte globu-
lin (ATGAM) or muromonab-CD3 (OKT3), steroids and 
another agent while living donor kidney transplanta-
tion may not require induction. There is consideration 
in some HCV patients to minimize induction therapy 
prior to liver transplantation. Some centers aggressively 
wean steroids prior to patient discharge; others keep 
patients on low-dose steroids in combination with other 
immunosuppressants. Alteration in the type or inten-
sity of immune suppression will alter the risk of infec-
tion [30]. Specific adverse effects of immunosuppressive 
agents are enumerated in Table 45.1.

The posttransplantation period can be divided into 
time intervals, which correlate with risk of specific patho-
gen and infection: the early period (less than 1 month), 
the intermediate period (1–6 months), and the late period 
(more than 6 months) [11,15]; this changing timetable of 
infection allows for predictability and stratification of 
risks. In the early period, infections derived from donor 
or recipient, transplant surgery, and hospitalization are 
the most characteristic. The infections associated with 
surgery are the typical common postoperative com-
plications: urinary tract infections, surgical site infec-
tions, line sepsis, or pneumonitis. Unique to transplant 
patients are superinfections of ischemic or injured graft 
tissues (i.e., anastomotic suture lines), fluid collections 
(hematomas, lymphoceles, effusions, urinomas), and 
indwelling vascular access catheters, urinary catheters, 
and surgical drains. Particular attention should be given 
to nosocomial-derived infections in patients requiring 
prolonged support prior to transplantation, and individ-
uals with delayed graft function or those requiring early 
re-exploration or retransplantation are also at increased 
risk for infection. Especially, notable during this period 
are fungi and bacteria with antimicrobial resistance.

The nature of common pathogens changes during 
the intermediate period and is characterized by local 
(geographical and institutional variation) epidemiol-
ogy, anecdotal immunosuppressive strategies, and use 
of antimicrobial prophylaxis. Prophylactic antimicro-
bial strategies are based on our understanding of the 
pathogens of this period. Major infections of this period 
include opportunistic pathogens: PCP, CMV, HBV, 
HCV, BK polyomavirus, HHV-6, -7, -8, RSV, influenza 
virus, parainfluenza virus, adenovirus, TB, nontuber-
culous mycobacteria, and endemic fungi (Histoplasma, 
Coccidioides, Cryptococcus, Blastomyces) and latent infec-
tions such as toxoplasmosis, leishmaniasis, and Chagas 
disease [16,21,28,31,32].

During the late period (after 6 months), most trans-
plant patients are stable and are at reduced levels of 
immunosuppression; thus, the risk of infection typi-
cally decreases. Transplant patients are subject to com-
munity-acquired pneumonia, urinary tract infections, 

opportunistic infections (Aspergillus, atypical molds, 
Nocardia, cryptococcosis, PCP), and viral infections 
(CMV colitis, retinitis, Epstein–Barr virus [EBV], HCV, 
and HBV). Viruses exert their effect directly by caus-
ing fever and neutropenia (CMV), cholangitis, varicella 
zoster virus (VZV) infections, encephalitis (HSV, Jakob–
Creutzfeldt [JC] virus), hepatitis (HBV, HCV), esophagi-
tis, gastritis, colitis, retinitis, pancreatitis, myocarditis, 
and to a lesser extent vasculitis and adrenalitis (adrenal 
insufficiency). Indirect effects of viruses also manifest 
during this period, for example, Aspergillus after influ-
enza infection, PCP with CMV infection, EBV associ-
ated with lymphoma, HHV-8 associated with Kaposi’s 
sarcoma, recurrent infections, graft rejection associ-
ated with CMV reactivation, and BK virus associated 
nephropathy, to name a few [33].

As a general principle in transplantation, unexplained 
early signs of infection in patients, such as hepatitis, pneu-
monitis, encephalitis, rash, and leukopenia, may be 
donor derived. Viral pathogens and allograft rejection 
are responsible for the majority of febrile episodes that 
occur during the intermediate period after transplanta-
tion. Although the risk of infection during the late post-
transplantation period decreases, transplant recipients 
are persistently at increased risk for CAPs, and chronic 
viral infections cause allograft dysfunction (e.g., HCV 
in liver transplant patients, BK virus in renal patients, 
RSV in lung transplant patients with bronchiolitis oblit-
erans, accelerated vasculopathy in heart transplant 
patients with CMV) [11]. The timeline for a given patient 
is reset with each episode of rejection or intensification 
of immunosuppression (e.g., with a bolus of steroids or 
infusion of induction therapy), with an increased risk 
of opportunistic infection. Therefore, diagnostic test-
ing (tissue histopathology), prevention (see prevention 
strategies mentioned later), and management (prophy-
laxis, aggressive surgical intervention when indicated) 
of infection in transplant recipient must be guided by a 
dynamic assessment of the risk of infection and stratifi-
cation of patients into low- and high-risk groups.

Low-risk patients are characterized by immunologic tol-
erance, good HLA matching, technically successful sur-
gery, good graft function, appropriate surgical antibiotic 
prophylaxis, effective antiviral prophylaxis, PCP pro-
phylaxis, and appropriate vaccinations. High-risk patients 
are characterized by induction therapy with T-cell 
depletion, pulsed-dose corticosteroids, plasmapheresis, 
high risk of rejection, early rejection, graft dysfunction, 
active and latent infection (donor or recipient derived), 
technical complications (bleeding, wound infection, pro-
longed intubation, anastomotic leak), prolonged urinary 
catheterization, and prolonged intubation [11].

Fortunately, patterns of infections after transplan-
tation have been altered by the use of routine antimi-
crobial prophylaxis. Transplant centers use various 
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prophylactic regimens: pneumococcal vaccine, hepatitis 
B vaccine, trimethoprim-sulfamethoxazole for pneumo-
cystis pneumonia and urinary tract infections, ganciclo-
vir or valganciclovir for CMV, and clotrimazole troche 
or nystatin for oral and esophageal fungal infections. 
The evolution of strategies has led to an increase in 
allograft and patient overall survival and the discovery 
of other challenges (BK virus–associated nephropathy/
ureteral obstruction and JC virus–associated progres-
sive multifocal leukoencephalopathy).

As a general principle, after SOT, it is important that 
a multidisciplinary approach be instituted in the man-
agement of posttransplantation complications includ-
ing infections in transplant recipients. This ensures that 
all potential aspects of risk stratification are addressed 
and the patient receives quality care and appropriate 
management.

45.4.1 Immunosuppression and Malignancy

The immune system is very important in defending 
against pathogens as seen with infections; it also plays 
a critical role in the surveillance and detection of can-
cer. As newer immunosuppressive and potent regi-
mens have steadily decreased the incidence of rejection 
extending both graft and patient survival, many reports 
indicate cancer may now surpass cardiovascular com-
plications as the leading cause of death in transplant 
patients [34–36]. Posttransplantation malignancy has 
become an important cause of mortality. The etiology 
of posttransplantation malignancy is multifactorial, 
involving impaired immunosurveillance of neoplastic 
cells as well as depressed antiviral immune activity (as 
seen with viral-associated Kaposi’s sarcoma and post-
transplant lymphoproliferative disorder or PTLD). 
According to Engels et al. [34], there is an increased risk 
of a wide range of cancers associated with SOT. In this 
extensive study, the authors found infection-related and 
infection-unrelated malignancies in all types of organ 
transplantation. Non-Hodgkin lymphoma and cancers 
corresponding to kidney, liver, and lung transplants 
comprised 43% of all cancer cases in transplant recipi-
ents compared to 21% in the general US population [34]. 
To illustrate that immunosuppression is the primary 
culprit in the development of malignancy in transplant 
recipients, Grulich et al. [37] showed that there was sim-
ilarity in the pattern of increased risk of cancer in HIV/
AIDS patients and transplant patients, with the com-
mon denominator being immunosuppression. The exact 
impact of immunosuppression is unknown. Wimmer 
et al. [38] found progressive increase in the incidence of 
malignancy from the azathioprine era to the most mod-
ern immunosuppressive regimens, suggesting a correla-
tion with potency of immunosuppression and increased 
incidence of malignancy.

Induction therapy or antirejection treatment with 
polyclonal or monoclonal antibodies increases the 
incidence of malignancies, especially lymphoprolif-
erative disorders [39–44]. This adverse effect is linked 
to aberrant production of cytokines that regulate pro-
cesses promoting tumor growth, metastasis, and angio-
genesis [45,46]. Prior studies looking at cyclosporine 
showed increased risk of malignancy when compared 
to patients receiving azathioprine and corticosteroids, 
which is believed to be dose dependent. Tacrolimus 
has similar malignancy risk as azathioprine [47]. Some 
conflicting data have found that mycophenolate mofetil 
is not associated with an increased risk of malignancy 
and may even be associated with a lower risk in some 
populations. Data from the Organ Procurement and 
Transplantation Network (OPTN) show that patients 
treated with belatacept (long-term data pending), siro-
limus, and everolimus without CNIs have a lower inci-
dence of malignancy than those receiving cyclosporine 
or tacrolimus [48]. Additionally, the conversion to siroli-
mus or everolimus along with CNI withdrawal has led 
to regression of both cutaneous and Kaposi’s sarcoma, 
as described by Stallone et al. [49].

45.4.1.1  Prevention Strategies and Management of 
Immunosuppression-Associated Malignancy

 1. Reduction or cessation of immunosuppressive 
therapy: This is useful primarily for patients 
who have undergone renal transplantation, 
since loss of the graft to rejection is not a fatal 
event in these patients. Such measures may 
result in tumor regression in some cases of lym-
phoma, some skin cancers, and Kaposi’s sar-
coma, in which reducing the CNI exposure may 
be particularly important.

 2. In situ anogenital cancers can be treated with 
laser therapy, electrocautery, or topical fluoro-
uracil. Topical imiquimod, which is available 
for the treatment of anogenital warts, has not 
been systematically studied in transplant recip-
ients. Tapering the immunosuppressive regi-
men is beneficial and may lead to resolution of 
in situ carcinomas.

 3. Immunosuppressive agent substitution: Despite 
the association of the CNIs with increased 
TGF-beta levels and the risk of malignancy, the 
first approach is to discontinue antimetabolite 
agents. This is because rejection is less likely 
to occur with double therapy with a CNI and 
prednisone than the combination of an antime-
tabolite with prednisone. However, some clini-
cians would substitute sirolimus for the CNI 
and antimetabolite.
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 4. Visceral malignancies are treated by standard 
surgical, radiotherapeutic, or chemotherapeutic 
modalities. If chemotherapy is needed, azathio-
prine should be discontinued to avoid additive 
myelosuppression. The course of these malig-
nancies appears to be more aggressive in trans-
plant recipients, and the outcome is importantly 
determined by the stage at which the tumor is 
discovered.

 5. Screening: The incidence of breast cancer is less 
than what was previously expected in transplant 
recipients. This may be due in part to increased 
screening. Yearly breast exams in women over 
the age of 40 pre- and posttransplant are typi-
cally recommended. Prostate, colon, skin, and 
cervical cancer screening should be continued 
as per accepted guidelines.

 6. PTLD: The management of PTLDs involves 
multiple approaches for prevention and treat-
ment. The prevention of PTLD largely relies 
on limiting patient exposure to aggressive 
immunosuppressive regimens, aggressive 
withdrawal and tapering of agents required 
for graft acceptance, and antiviral prophylaxis. 
Many transplant centers have incorporated 
EBV monitoring into the routine evaluation of 
patients at high risk for PTLD and preemptive 
treatment of PTLD at the time of viral reactiva-
tion with rituximab or reduced immunosup-
pression or antiviral therapy. The management 
of PTLD varies significantly according to the 
type of lymphoproliferative disease pres-
ent, as well as from institution to institution. 
Immunosuppression reduction is the corner-
stone of therapy. Additional therapies include 
immunotherapy with the CD20 monoclonal 
antibody rituximab or chemotherapy, radiation 
therapy, or a combination of these. Other treat-
ments, such as adoptive immunotherapy with 
EBV-specific cytotoxic T cells, are generally 
reserved for persistent disease despite initial 
therapy. Detailed management is beyond the 
scope of this chapter.

 7. Other cancers: For tumor of donor origin, reduc-
tion of immunosuppression may theoretically 
lead to rejection of the tumor. Although this has 
been effective in PTLDs, there is little evidence 
that this is effective in other tumors. A number 
of options are available in the management 
of renal cell carcinoma that emerges from a 
transplanted kidney. In those without meta-
static disease, total transplant nephrectomy 
may be curative, although a return to dialysis 

is required. Some have suggested that consider-
ation may be given to nephron-sparing surgery 
in those with nonmetastatic renal cell carci-
noma that is less than 4 cm in size and located 
peripherally. This approach has been reported 
thus far in only a few cases. Metastatic disease 
should be treated with cessation of immunosup-
pression, transplant nephrectomy, and immune 
therapy.

45.5  Other Important Complications 
Associated with Immunosuppression

It is well established that cardiovascular disease is a 
common cause of mortality in the general population. In 
the transplant patient, cardiovascular disease remains 
a frequent cause of death. US Renal Data Systems have 
identified immunosuppressive therapy as the signifi-
cant risk factor for cardiovascular disease and severity. 
Retrospective studies have shown that cyclosporine 
is associated with increased incidence of hyperten-
sion as compared to azathioprine. In multicenter trials, 
tacrolimus- and cyclosporine-treated patients have 
similar incidence of hypertension, which ranges from 
75% to 90% of patients [50]. The control of hypertension 
helps reduce the adverse risk of cardiovascular disease 
and increases patient survival. Moreover, according to 
Marcen et al. [7], lowering blood pressure after 3 years 
improved 10-year graft survival, and the risk of cardio-
vascular death paralleled the changes in systolic BP.

New onset diabetes mellitus (NODM) occurs in 
5%–20% of transplant recipients within the first year 
posttransplantation and approaches 25%–30% in the 
second year. This is an important problem, particu-
larly in those patients receiving tacrolimus or steroids. 
The diabetogenic effect of tacrolimus has been demon-
strated in multiple randomized controlled trials and 
confers a significantly higher risk of death [51]. In this 
study, NODM posttransplantation, impaired fasting 
glucose, and the incidence of treated diabetes were sig-
nificantly lower in the cyclosporine group compared 
to tacrolimus-based regimen at 6 months. Some stud-
ies have shown that patients treated with sirolimus in 
combination with cyclosporine, tacrolimus, or an anti-
metabolite have an increased risk of NODM compared 
with patients treated with cyclosporine plus mycophe-
nolate mofetil (MMF) or azathioprine [52]. In addition 
to NODM, hypertension, and cardiovascular complica-
tions, immunosuppressive therapy can lead to hyper-
cholesterolemia. Incidence ranges between 60% and 
70% in patients on CNIs. As hypercholesterolemia is 



509Complications of Immunosuppression in Solid Organ Transplantation

© 2008 Taylor & Francis Group, LLC

associated with increased prevalence of cardiovascular 
disease, blood cholesterol should be maintained in the 
range recommended by practice guidelines, and statins 
should be initiated as indicated.

In a meta-analysis of available data by Pengel et al. [53], 
higher wound incidence of wound complications and 
lymphoceles after kidney transplantation and a higher 
incidence of wound complications after heart transplan-
tation were observed for immunosuppressive regimens 
that included mTOR inhibitors versus regimens that 
did not include mTOR inhibitors from the time of trans-
plantation. Wound complications (incisional hernia, 
infections, and dehiscence) and lymphoceles typically 
appear within the first few months; therefore, mTOR 
inhibitors should be avoided during the first 3 months. 
It is well known that due to the anti-inflammatory effect 
of steroids, poor wound healing can occur. Late steroid 
withdrawal compared with early withdrawal has been 
associated with poor wound healing, lymphoceles, and 
complications.

45.6 Summary

Short-term patient survival rates have progressively 
improved with the introduction of new immunosuppres-
sive drugs to the levels where it is difficult to establish 
differences in survival among the immunosuppressive 
agents used. Long-term studies are required to confirm 
the short-term results. Corticosteroids and cyclosporine 
have stronger impact on blood pressure and lipid profile 
than tacrolimus. Tacrolimus is associated with higher 
incidence of NODM. Steroid withdrawal and CNI with-
drawal improve cardiovascular risk profile; however, 
studies have not shown that this strategy decreases 
mortality from cardiovascular events. Malignancies 
and infections still remain important causes of morbid-
ity and mortality. Clearly, there is a pressing clinical 
need to develop novel immunosuppressive agents that 
are more specific yet less toxic. In addition, research 
and discovery on ways to induce immune tolerance will 
help reduce the need for lifelong immunosuppression 
and help decrease the incidence of rejection, cancers, 
and infections.

It is imperative that surgeons and clinicians under-
stand the mechanism of immunosuppressive agents 
and the implications of the rapidly evolving field of 
transplant immunology and immunosuppression, anti-
viral and antimicrobial prophylaxis, and their impact 
on the growing population of transplant recipients in 
order to provide excellent and evidence-based care.
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Combined pancreas and kidney transplantation, performed 
either simultaneously (SPK) or sequentially if a living donor 
is identified for the kidney (PAK), has become one of the stan-
dard treatment options for patients with type 1 diabetes (T1D) 
and end-stage renal disease (ESRD). More effective immuno-
suppression protocols, improvements in surgical techniques, 
and a better understanding of postoperative complications 
have made SPK transplantation the procedure of choice [1–3].

Currently, pancreas transplantation is offered to patients if 
they are candidates for renal transplantation and there are no 
absolute contraindications to the procedure.

46.1 Pancreas Transplantation

46.1.1 Donor Operation

The standard donor operation generally includes pro-
curement of the liver, both kidneys, the whole pancreas 

with the duodenum, and less often the small intestine. 
A nasogastric tube is advanced into the duodenum of 
the donor and is irrigated with 25 mL of 1% povidone-
iodine solution followed by 50 mL of cold saline solu-
tion. The duodenum is then irrigated with an antibiotic 
solution that includes amphotericin B. The nasogastric 
tube is subsequently pulled back into the stomach, the 
duodenal contents are gently milked out of the duode-
nal segments, and the proximal and distal segments 
are staple divided. Care is taken to ensure that there is 
no distention. The portal vein is divided at the superior 
border of the pancreas. The superior mesenteric artery 
(SMA) and splenic artery (SA) are divided. A Y vascu-
lar graft, composed of the donor’s common, external, 
and internal iliac arteries or the brachiocephalic trunk 
[4], is stored in a separate container of University of 
Wisconsin (UW) solution on the back table. The com-
posite pancreas graft is then taken to the back table for 
further dissection [5].
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The back-table preparation is as follows: Splenectomy 
is performed, and for bladder-drained recipient opera-
tions, the duodenal segment is shortened; only the sec-
ond portion of the duodenum is kept. Staple lines are 
not opened. For enteric-drained recipient operations, 
the distal duodenum is included. Both the proximal end 
and the distal end are divided with staples and over-
sewn with interrupted nonabsorbable stitches. Finally, 
the Y graft is fashioned, the internal iliac artery is anas-
tomosed to the donor SA, and the external iliac artery is 
anastomosed to the donor SMA. The portal vein is then 
dissected free from the pancreatic bed (Figure 46.1).

46.1.2 Recipient Operation

 1. For bladder drainage of the pancreas–duodenal trans-
plant. The recipient operation begins with a mid-
line incision. The pancreas–duodenal allograft 
is revascularized on the right side. The external 
iliac vein and common iliac vein are fully mobi-
lized with division of all the internal iliac venous 
branches. The portal vein is anastomosed to the 
external iliac vein, and the common iliac artery 
of the Y graft is anastomosed to the recipient’s 
external or common iliac artery. The duodenum 
is opened to allow drainage and prevent disten-
tion; a pancreatic duodenocystostomy (PDC) is 
then performed with a two-layered hand-sewn 
technique. No external drains are used, and a 
Foley catheter is left in place for 7–10 days. The 
kidney is then implanted on the left side by 
anastomosing the renal vein to the common or 

external iliac vein and the renal artery to the 
common or external iliac artery. The ureteroneo-
cystostomy anastomosis is performed with an 
extravesicular submucosal tunnel (Figure 46.2).

 2. For the enteric drainage of the pancreas–duodenal 
transplant. Enteric drainage is currently the most 
common exocrine drainage procedure performed 
at most US centers. The anastomosis is accom-
plished as a two-layered hand-sewn enteric 
anastomosis between the donor duodenum and 
recipient small intestine. Many variations of the 
technique have been described with important 
differences including orientation of the head of 
the pancreas toward the upper abdomen, inclu-
sion of a roux-en-Y limb, stapled enteric anasto-
mosis, and location in the small intestine in the 
proximal or the distal bowel [6] (Figure 46.3).

A recent modification of these procedures is the ipsilat-
eral placement of the pancreas and the kidney on the 
right side [7]. For enteric drainage, the pancreas–duo-
denum is placed first and proximally using IVC/CIV 
and CIA for vascular anastomoses. The kidney is then 
placed distally (Figure 46.4). For bladder drainage of the 
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FIGURE 46.1
The composite pancreas and duodenal graft, demonstrating the bra-
chiocephalic Y graft. The portal vein has been dissected free of the 
pancreatic bed. Y, brachiocephalic trunk anastomosed to the splenic 
artery and the superior mesenteric artery of the pancreaticoduodenal 
graft; P, pancreas; D, duodenum; SA, splenic artery; and SMA, supe-
rior mesenteric artery.

Abdominal aorta
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 artery

External
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FIGURE 46.2
Surgical technique of simultaneous pancreas–kidney transplantation 
with bladder drainage through a midline intraperitoneal approach. 
The donor kidney is revascularized on the left side by anastomos-
ing the renal vein to the external iliac vein and the renal artery to 
the external iliac artery. The dome of the bladder is shown with the 
ureteroneocystostomy and pancreaticoduodenocystostomy anas-
tomoses. The pancreas–duodenal allograft is revascularized on the 
right side by anastomosing the portal vein to the external iliac vein 
and the common iliac artery of the Y graft to the recipient external 
iliac artery.
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pancreas–duodenal transplant, the kidney is revascu-
larized first and proximally. The pancreas–duodenum 
is placed next and distally.

46.1.2.1 Portal Venous Drainage

The portal vein of the pancreas transplant may be drained 
into the systemic or the mesenteric circulation. The former 
bypasses the liver and, consequently, results in higher lev-
els of systemic c-peptide. The latter is more physiologic 
and results in normal c-peptide levels. Both are consid-
ered acceptable options.

46.1.2.2 Arterial Anastomoses

Patients with T1D and ESRD often have considerable 
degrees of arterial atherosclerosis. This may present a 
significant technical challenge at the time of surgery 
for the creation of arterial inflow into the pancreas 
transplant. A number of options have been developed, 
including the following: dissection to include internal 
iliac artery, common iliac artery, and/or distal aorta; 
replacement of a severely diseased external iliac artery 
with (healthy) donor external iliac artery; placement of 
both transplants on one side (vide supra); endarterec-
tomy; use of a long Carrel arterial patch; common arte-
rial conduit for kidney and pancreas; and jump graft 
from the distal SMA of the pancreas transplant to the 
renal artery of the kidney transplant [8–10].

46.2  Surgical Complications after 
Pancreas Transplantation

Surgical complications are more common after pan-
creas transplantation than after kidney transplantation. 
Nonimmunological complications of pancreas trans-
plantation account for graft losses in 5%–10% of cases. 
These complications usually occur within 6 months 
after the transplantation; their impact on loss of the pan-
creas graft is the same as that of acute rejection [11].

46.2.1 Thrombosis

Vascular thrombosis is a very early complication that 
typically occurs no later than 48 h and usually within 
24 h after transplantation. Of all potential causes of 
technical failure, graft thrombosis is the most common; 
its incidence in association with SPK transplantation is 
5.5% [12].

It may be difficult to determine precisely which risk 
factor is implicated in the pathogenesis of graft throm-
bosis because many causal factors have been described. 

FIGURE 46.3
Use of circular stapler for donor duodenum to recipient bowel 
anastomosis.

FIGURE 46.4
Ipsilateral placement of pancreas–duodenum (proximal) and kidney 
(distal) transplant with enteric drainage of pancreas–duodenum.
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These include preterminal donor hypoperfusion, poor 
preservation, technical or mechanical issues, immu-
nologic problems, sepsis, or hypercoagulable states. In 
addition, graft thrombosis has been attributed to the 
hemodynamic changes in blood flow from a high-flow 
to a low-flow state after ligation of the distal splenic ves-
sels, the superior mesenteric vessels, and all nonpancre-
atic branches.

Graft salvage is unlikely after thrombosis and can 
occur only when parenchymal damage is minimal. For 
this reason, some surgeons have attempted to develop 
surgical techniques for preventing vascular thrombo-
sis. Some have suggested creating a distal arteriovenous 
fistula (AVF) so that SA flow is increased [13]. Another 
alternative is transplanting the pancreas with the spleen 
so that physiological hemodynamic flow can be main-
tained [14]. The disadvantage of this procedure is the risk 
of the potentially lethal complication of graft-versus-host 
disease [15]. None of these techniques have consistently 
prevented early graft thrombosis, perhaps because graft 
perfusion probably remains unchanged despite attempts 
to increase flow through the larger vessels.

46.2.2 Partial Venous Thrombosis

We retrospectively reviewed our experience with the 
outcome and treatment options associated with partial 
venous thrombosis of pancreas allografts. From July 1994 
to April 1997, 66 patients scheduled for SPK transplan-
tation underwent antilymphocyte induction therapy 
with a monoclonal anti-CD3 preparation (OKT3) and 
oral or intravenous tacrolimus in the operating room. 
None of these patients experienced partial venous 
thrombosis. In contrast, from May 1997 to June 1999, 48 
patients underwent induction therapy with intravenous 
tacrolimus alone or in conjunction with humanized 
monoclonal antibody to the interleukin (IL)-2 receptor 
(IL2-rmAb; Daclizumab®) [16]. Of these 48 patients, 14 
(29%) experienced partial venous thrombosis, which 
was detected during routine color Doppler ultrasonog-
raphy. Twelve of these patients had thrombosis of the 
splenic vein (SpV), one had thrombosis of the superior 
mesenteric vein (SMV), and one had partial thrombosis 
of the splenic and SMVs. We administered tacrolimus 
intravenously so that we could ensure sufficient concen-
trations early in the posttransplantation period to avoid 
acute rejection [17–20].

Microvascular changes associated with pancreatic 
transplantation may also predispose patients to venous 
thrombosis. Prostacyclin (PGI2) and thromboxane A2 
(TXA2), prostanoid derivatives of eicosapolyenoic fatty 
acids with opposing actions on vascular smooth muscle 
tone and platelet aggregation, provide a homeostatic 
mechanism for maintaining the integrity of the circula-
tion [21]. TXA2 promotes platelet aggregation and causes 

vasospasm, whereas PGI2 opposes these actions, inhib-
iting platelet aggregation and causing vasodilation. 
Experimental studies noted an increase in the produc-
tion of TXA2 by the pancreas and a decrease in the ratio 
of PGI2 to TXA2 after cold ischemia and reperfusion of 
the pancreas [22]. Others have noted that the change in 
the ratio of these prostaglandins may result from the 
stasis of the blood flow in the splenic vessels. Tacrolimus 
may contribute to this problem by inducing vasospasm 
and causing microvascular injury. Alternatively, it may 
cause endothelial injury and thrombosis because of 
alterations in the ratio of TXA2 to prostaglandin PGI2 or 
because of the release of endothelin [23]. The potential 
for increased adhesion of T cells that express IL-2 recep-
tors bound by daclizumab, combined with the known 
low-flow state of the SpV, may provide the setting for 
venous thrombosis when the endothelial toxic effects of 
tacrolimus are added to the mix.

Microvascular changes occurring late in the course 
of oral tacrolimus-based immunosuppression therapy 
have been reported. Corry et al. [24] reported that 9 of 
their 123 patients experienced pancreatic thrombosis 
while receiving intravenous tacrolimus, but the authors 
attributed the thrombosis to ischemia and reperfusion 
injury rather than to the use of intravenous tacroli-
mus. We have also described microangiopathy among 
recipients of kidney transplants or SPK transplants, 
who were treated with tacrolimus within 2–4 weeks 
after transplantation [23]. In each case, the intravenous 
administration of tacrolimus was discontinued, and 
immunosuppression was maintained successfully with 
oral tacrolimus, steroids, and mycophenolate mofetil.

Partial venous thrombosis of the pancreas transplant 
can be difficult to diagnose (Figure 46.6A). No clini-
cal symptoms of thrombosis, such as graft tenderness, 
decreased or absent urinary amylase activity, sudden-
onset hyperglycemia, hematuria, thrombocytopenia, 
leukocytosis, or intra-abdominal bleeding, are seen. 
Nor is there any change in clinical parameters. Superior 
mesenteric or SpV thrombosis is typically detected 
incidentally during routine Doppler ultrasonography. 
Sonography, computed tomography (CT), magnetic res-
onance imaging, and nuclear medicine scanning have 
been used to diagnose pancreatic graft thrombosis. We 
have found color Doppler ultrasonography to be helpful 
and cost-effective in diagnosing and assessing venous 
thrombosis of the pancreatic allograft.

Six patients with partial thrombosis of the SpV 
were treated with aspirin and followed up with serial 
Doppler ultrasonography. None of the partial throm-
boses progressed to complete SpV or pancreatic graft 
thrombosis. It is possible that partial SpV throm-
bosis is a self-limited process and does not require 
heparinization. The administration of aspirin may be 
sufficient [25].
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46.2.3 Complete Venous Thrombosis

When partial thrombosis has progressed to complete 
venous thrombosis (Figure 46.5A and B), attempts at 
salvaging the thrombosed pancreas graft have been 
disappointing, but graft salvage rates can be as high as 
45% if the problem is addressed immediately [26,27]. 
Urgent reoperation has also been advised so that life-
threatening sequelae related to the necrotic pancreas or 
from pulmonary emboli can be avoided. Thrombectomy 
can be performed through a previous portal anastomo-
sis or through a longitudinal or transverse venotomy in 
the portal vein [26]. Another approach is resection of the 
thrombosed segment of the pancreas graft. Immediate 
retransplantation of a new donor pancreas has also been 
described in cases of graft thrombosis either simultane-
ously or within the first few weeks of allograft pancre-
atectomy [28].

46.2.4 Arterial Thrombosis

Arterial thrombosis is less common than venous throm-
bosis and is usually associated with anastomoses of 
atherosclerotic vessels. In our series, one patient expe-
rienced thrombosis of the SMA. Diagnosis was made 
by routine Doppler ultrasonography of the pancreas 
(Figure 46.6B). Surgical thrombectomy was performed 
successfully through the distal SMA in the head of the 
pancreas allograft. We placed loops around the recipient 
iliac artery and the Y arterial graft, but did not occlude 

inflow; thus, we were able to avoid further ischemic 
injury to the pancreatic graft.

Another patient experienced late thrombosis of the 
Y graft, although the function of the pancreas allograft 
persisted. It is possible that pancreatic function was 
maintained by collateral flow or neovascularization 
between the donor graft and the recipient vessels. This 
patient required no treatment [29].

46.2.5 Prophylaxis of Graft Thrombosis

Thrombocytosis has been seen after pancreas trans-
plantation without obvious pathophysiological expla-
nations. Because multiple factors predispose the 
vessels of the pancreas graft to thrombosis, platelet 
inhibitors should be administered during the first 2 
postoperative months. Another option for preventing 
graft thrombosis is the use of prophylactic anticoagu-
lant therapy.

Various transplant centers use different therapeu-
tic protocols in an attempt to prevent thrombosis [30]. 
These include the use of low-molecular-weight dextran, 
followed by intravenous heparin and antithrombin III 
supplementation in combination with long-term admin-
istration of acetylsalicylic acid. Another approach is the 
use of dextran followed by low-dose aspirin or a combi-
nation of aspirin and dipyridamole.

The routine use of systemic anticoagulation has 
been controversial. Systemic anticoagulation is 

Vascular thrombosis
Clot

(B)(A)

FIGURE 46.5
(A) Doppler ultrasonogram showing complete venous thrombosis of the pancreas allograft, including (a) the SpV and (b) the SMV. (B) Pancreas 
transplant (explants) following complete venous thrombosis, with clot demonstrated.
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accepted therapy when SpV thrombosis has been 
documented, when SPK grafts have come from live 
donors, and when only the pancreas has been trans-
planted [25,30,31]. However, Sollinger has sug-
gested that the use of systemic anticoagulation does 

not reduce the incidence of vascular graft thrombo-
sis and may increase the likelihood of postoperative 
bleeding, which may in turn cause venous compres-
sion, thereby actually increasing the risk of graft 
thrombosis [32].

(A) (B)

(C)

FIGURE 46.6
(A) Partial thrombosis (arrow) of the SMV detected by routine color Doppler ultrasonography. (B) Doppler ultrasonogram of the pancreas 
allograft, showing thrombosis of the superior mesenteric artery (arrow). (C) Doppler ultrasonogram of the pancreas allograft, showing 
increased pulsatile flow within the area of the body of the pancreas (arrow), a finding diagnostic of an arteriovenous fistula.
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46.2.5.1  University of Miami Approach to Prevention 
of Pancreas Transplant Thrombosis

Our approach at the University of Miami has been to 
evaluate the following commonly obtained laboratory 
values: hemoglobin/hematocrit (Hb/Hct), prothrom-
bin time (PT)/INR, partial thromboplastin time (PTT), 
platelet count, fibrinogen, and platelet function tests for 
their rheologic impact. We have found that high levels 
of Hb/Hct, platelet count, and fibrinogen or low PT/INR 
are often associated with a hypercoagulable state. An 
intraoperative thromboelastogram (TEG) is performed 
that allows confirmation of the hypercoagulable state 
[33]. If the operative field remains dry, then a bolus of 
heparin (2000–5000 units) is given intravenously (IV), 
prior to the placement of vascular clamps. If, after reper-
fusion of the pancreas transplant, and later after the 
kidney transplant, the operative field remains dry, then 
IV heparin is continued. The target PTT is 45–55. This 
approach has lead to minimizing both pancreas trans-
plant thrombosis and postoperative bleeding. If, after 
heparinization, the operative field becomes oozy, then 
no further heparin is used, and, depending on the 
degree of oozing, either low-molecular-weight dextran 
or no further anticoagulant is used. This approach has 
also been used to effectively evaluate and treat recipi-
ents of kidney transplants alone.

The prevalence of hypercoagulability noted in SPK 
recipients (T1D/ESRD) helps to explain the higher inci-
dence of thrombosis seen in pancreas transplantation 
than for any other solid organ transplant. The pancreas 
transplant (without the spleen and small bowel), further-
more, has large, high capacitance veins—specifically the 
SpV and the SMV—that no longer receive the high blood 
flow for which they were designed. Thus, both veins are 
subject to venous stasis, with only the low flow through 
the pancreas to maintain patency. Combined with the 
endothelial cell damage that occurs in every solid organ 
transplant (warm/cold ischemia), the hypercoagulable 
state and venous stasis of the pancreas transplant fulfill 
Virchow’s triad for the development of venous thrombo-
sis and offer a plausible explanation for the higher rate 
of thrombosis that occurs in pancreas transplants [33].

46.2.6 Arteriovenous Fistula

AVF is a recognized complication of pancreas trans-
plantation. AVF may cause pancreatic endocrine insuf-
ficiency, hematuria, or a bruit over the graft. The causes 
of this abnormality include congenital malformation, 
needle injury during procurement, injury during the 
back-table preparation, and injury during reperfu-
sion hemostasis in the recipient. Doppler ultrasonog-
raphy is indicated if endocrine function suddenly 
deteriorates or if the patient experiences hematuria 

and pain over the graft. The diagnosis is confirmed by 
abnormal flow in the pancreatic head (Figure 46.6C). 
In our series of patients, four have experienced AVF. 
Two were treated with surgical correction; the other 
two were treated with angiography and embolization. 
Pancreatic endocrine function has been preserved in 
all four patients [29,34].

46.2.6.1 Vascular Catastrophes

Among the most devastating and potentially graft and 
life threatening of technical complications are those 
involving the arterial vascular anastomosis [35]. To date, 
there have been individual reports of arterial pseudoa-
neurysms, mycotic aneurysms, and arteriovesical and 
arterioenteric arterial fistulae.

In terms of pseudoaneurysm formation, the majority 
of cases occur in the setting of intra-abdominal fluid 
collections that involve the area of the arterial anas-
tomosis. In fact, following percutaneous drainage of 
a fluid collection, any bleeding in the drainage fluid 
should be considered a herald bleed from a pseudoa-
neurysm unless this is excluded by arteriography. An 
alternate etiology for pseudoaneurysm is a technical 
error. The most important reason to specifically clarify 
the etiology of a pseudoaneurysm involving the arte-
rial anastomosis of an allograft is because surgical 
repair of a pseudoaneurysm has been described with 
allograft salvage, but in the case of pseudoaneurysm 
specifically developing in the background of infection 
or a fluid collection, attempts at graft salvage are not 
recommended.

Alternatively, chronic pancreas allograft rejection 
likely plays an important role in the etiology of arterio-
enteric fistula. As the allograft fibroses and decreases 
in size until it is barely detectable, the bowel anastomo-
sis is pulled toward the area of the vascular anastomo-
sis, setting up a configuration where a communication 
between the artery and the native intestine may develop. 
It is for this reason that we would recommend that 
immunosuppression not be completely discontinued 
following graft failure in pancreas transplant recipients. 
Alternatively, strong consideration should be given to 
allograft pancreatectomy if immunosuppression dis-
continuation is deemed necessary or desirable. Variety 
of approaches to these situations have been described, 
most commonly involving a direct operative approach 
with either repair of the vascular anomaly or urgent 
allograft pancreatectomy and endovascular approaches 
such as stenting or coil embolization.

It is extremely important that one have a very low 
index of suspicion for arterioenteric fistula and arterial 
pseudoaneurysm in order to make the diagnosis and 
manage either of these complications in a timely fash-
ion. The diagnosis of arterioenteric fistula is frequently 
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evasive as upper gastrointestinal endoscopy is often 
noncontributory due to poor visualization from exces-
sive amounts of blood clot or poor timing during a 
period between a sentinel bleed and further hemor-
rhage. Urgent angiography is likely the procedure of 
choice in order to confirm the diagnosis and to control 
the bleeding. A common clinical error in the setting of 
gastrointestinal bleeding from arterioenteric fistula is to 
perform visceral angiography, which will fail to iden-
tify the source of bleeding. It is very helpful, in these 
situations, to specifically communicate the origin of the 
arterial anastomosis to the radiologist in order to ensure 
that the iliac arteries are well visualized and to mini-
mize the amount of intravenous contrast required.

In cases of either pseudoaneurysm or arterioenteric 
fistula, primary endovascular intervention, in particu-
lar with covered stenting of the native artery across the 
origin of the allograft artery, is possibly the procedure 
of choice because it provides immediate vascular control 
without the loss of tamponade or uncontrolled bleeding 
that are characteristic of surgical exploration [35]. If fur-
ther surgical intervention is warranted, this will greatly 
reduce the patients’ subsequent transfusion require-
ments and will render that procedure technically much 
simpler as arterial control is already established.

46.2.7 Transplant Pancreatitis

Graft thrombosis may occur after the development of 
reperfusion-induced graft pancreatitis, which is caused 
when pancreatic blood flow is reduced to a critical level. 
Multiple factors may be involved in graft pancreatitis 
including the following [36]. Donor risk factors include 
hemodynamic instability, brain injury, and vasopres-
sor administration; procurement injury may be due 
to excessive intraoperative manipulation. Perfusion 
injury may also occur when excessive flush volumes 
or perfusion pressures are used. Also, total cold and 
warm ischemia times may have an effect on preserva-
tion and the occurrence of reperfusion injury. Grewal 
et al. [37] demonstrated that postoperative treatment of 
the recipient with calcium-channel blockers, combined 
with the administration of steroids to the donor at the 
time of procurement, protects against the development 
of pancreatitis.

Animal models of pancreatitis demonstrate that the 
microcirculation is impaired as pancreatitis progresses, 
and this impairment leads to necrosis and thrombosis 
of the pancreas [38]. Although these findings do not nec-
essarily reflect allograft pancreatitis as associated with 
transplantation, they could explain some of the events 
that occur in association with pancreatic graft edema. 
With the introduction of UW (or Belzer) solution as a 
perfusate for pancreatic transplantation, pancreatic 
graft edema after reperfusion is less pronounced. The 

introduction of this solution was a pivotal contribution 
to the reduction of graft loss due to thrombosis during 
the early postoperative period [39].

Reduced preservation time may also help reduce the 
incidence and the severity of reperfusion injury and 
edema of the pancreas allograft; however, other large 
studies have not found that cold ischemia time affects 
graft survival [36]. The incidence of allograft pancre-
atitis during the postoperative period has decreased 
because of improvements in procurement techniques 
that use the spleen and duodenum as handles that avoid 
pancreatic manipulation, the introduction of Belzer 
preservation solution, decompression of the portal sys-
tem during in situ flushing, and intraperitoneal trans-
plantation of the whole organ with appropriate exocrine 
drainage. However, allograft pancreatitis is still an 
important cause of morbidity.

When pancreatitis persists after transplantation, 
a thorough evaluation is necessary so that its cause can 
be determined [40,41]. Reflux pancreatitis, high post-
void residual volumes, peripancreatic fluid collections, 
infectious pancreatitis, and leaks from the duodenal 
segment may cause hyperamylasemia. For bladder-
drained pancreas transplants, a Foley catheter should 
be placed so that postvoid residual volumes can be 
checked, and urodynamic studies should be performed 
so that high postvoid residual volumes and pressures 
can be detected [42]. In addition, abdominal ultraso-
nography, CT of the abdomen, and cystography should 
be performed so that the cause of the pancreatitis can 
be determined. Urine amylase measurement can pro-
vide a helpful diagnostic adjunct. In the presence of 
falling urine amylase, if no leak is demonstrated, then 
acute rejection is a likely possibility. If the results of 
the workup are nondiagnostic, a biopsy of the pancreas 
should be performed so that rejection can be ruled out 
as a cause of hyperamylasemia.

46.2.7.1 Small-Bowel Obstruction

Small-bowel obstruction can complicate any laparot-
omy. In addition to adhesions, there are two etiologies 
that are specific to pancreas transplantation. First of all, 
in cases where an enteric anastomosis is selected and 
particularly when the pancreas is oriented with the 
head upward, an internal hernia defect is created that is 
prone to incarceration and intestinal volvulus if not spe-
cifically closed at the time of transplantation. Second, 
the anterior surface of the pancreas in the retroperito-
neum presents a raw surface that is prone to adhesion 
formation. One practice is to cover the pancreas with 
a sheet of adhesion barrier at the end of the operation. 
Similarly, the intraperitoneal renal allograft should be 
covered with colon in order to prevent contact with the 
small intestine.
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46.2.8  Complications Associated with 
Bladder-Drained Pancreas Transplantation

Bladder-drained pancreas transplantation is associated 
with multiple urologic [42,43] and metabolic complica-
tions. Published reports have shown that 14%–50% of 
patients require enteric conversion. In our experience at 
the University of Miami, approximately 8% of our SPK 
patients required enteric conversion.

Hematuria occurs very frequently and may be caused 
by the formation of a bladder stone on the staple or 
suture line. Approximately 30% of patients will require 
interventions such as Foley catheter placement, irriga-
tion, and cystoscopy for evacuation of clots.

Urinary tract infections are common; they occur in as 
many as half of all cases and are probably responsible 
for the irritating effect of the exocrine secretion on the 
bladder mucosa. Although the urinary pH is generally 
alkalotic (pH between 7 and 9) and will maintain pro-
enzymes in an inactive state, a urinary tract infection 
may reduce the pH enough to activate these digestive 
enzymes. In addition, enterokinase in the brush bor-
der of the duodenal mucosa may activate the proen-
zyme trypsinogen and thereby initiate the pancreatic 
enzyme–activation cascade. Other proteases, such as 
plasmin, thrombin, and fibrinolysin, as well as bacterial 
enzymes, may also activate the conversion of trypsino-
gen to trypsin. The severe burning and dysuria caused 
by the resultant urethritis are attributed to urethral auto-
digestion by the activated pancreatic enzymes, trypsin 
and chymotrypsin. If untreated, these symptoms may 
progress to urethral disruption or stricture. Treatment 
of urethral complications requires both enteric con-
version and urological expertise [44]. Fortunately, this 
complication has become less common during the last 
15 years.

Metabolic acidosis is caused by the excretion of 
large quantities of alkaline pancreatic secretions from 
the bladder. Most patients require supplemental oral 
sodium bicarbonate once oral intake is tolerated; this 
treatment will minimize the degree of acidosis. With 
time, most of these patients are able to decrease their 
need for oral sodium bicarbonate.

Fluid management can become problematic for these 
patients because of the potential for relatively large vol-
ume losses. Patients are at risk for dehydration, which can 
be exacerbated by poor oral intake as the result of gastric-
motility problems (gastroparesis) commonly associated 
with T1D. The symptoms from dehydration can be further 
increased when patients with diabetes have preexisting 
orthostatic hypotension because of autonomic neuropa-
thy. Fluid balance can be improved in most patients by 
the postoperative administration of fludrocortisone.

Urine leaks due to breakdown of the duodenal seg-
ment may occur years after transplantation, but this 

complication is usually encountered within the first 2 or 
3 postoperative months. The causes of early urine leaks 
are technical in nature and usually require surgical cor-
rection with prolonged Foley catheter drainage. Late 
leaks (Figure 46.7) can be caused by high pressure in 
the duodenum during urination. The onset of abdomi-
nal pain with elevated serum amylase activity, which 
can mimic reflux pancreatitis or acute rejection, is a 
typical presentation. Supporting imaging studies using 
cystography or CT may be necessary for confirming the 
diagnosis. Operative intervention may be required and 
includes reanastomosis to the bladder. Late leaks may 
develop as the result of rejection and can be treated suc-
cessfully with Foley catheter drainage.

Two patients have experienced early postoperative 
leaks. One patient experienced a disruption of the PDC 
during cystoscopy for hematuria 2 weeks postopera-
tively. Another patient experienced a leak as the result 
of an episode of biopsy-proven acute rejection 6 weeks 
after transplantation. Both patients required operative 
treatment that included a revision of the PDC. Another 
of our patients experienced a late leak during an epi-
sode of rejection; this leak was successfully treated with 
Foley catheter drainage and treatment of rejection.

Despite these complications, bladder drainage of 
the pancreatic graft has many advantages. Early and 
late complications may cause morbidity; however, 
these compli cations are most often amenable to surgical 
correction.

Another advantage of bladder drainage is the ability 
to monitor the patient for graft rejection. The technique 
also allows cystoscopic access for biopsy of the duode-
nal or pancreatic graft and easy access to pancreatic 
fluid. An immediate decrease in urine amylase activ-
ity after pancreas transplantation signals early acute 
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FIGURE 46.7
Cystogram showing a late leak from the duodenum of the pancreas 
allograft. L, leak; D, duodenum; P, perforation.
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rejection. Six months after transplantation, a decrease 
in urinary amylase activity may signal late acute rejec-
tion. The decrease in urinary amylase activity may be 
the only clinical indication of a problem, with no change 
in the serum concentrations of creatinine or glucose or 
of serum amylase or lipase. A biopsy of the pancreas 
should be performed for confirming the diagnosis of 
rejection.

After the administration of rejection therapy with 
steroids, the need for repeat pancreatic biopsy can be 
determined by measuring urine amylase activity. If low 
urine amylase activity persists after rejection therapy, 
pancreatic biopsy is indicated. In contrast, if urine amy-
lase activity returns to baseline and the blood-glucose 
concentration remains high after therapy, the causative 
factor is steroid therapy rather than rejection, and pan-
creatic biopsy is not necessary.

46.2.9  Complications Associated with 
Enteric-Drained Pancreas Transplantation

When pancreas transplantation was first performed in 
the early 1970s, the results of enteric-drainage methods 
were poor. The small-bowel drainage procedure fell 
into disfavor because anastomotic leaks with abscess 
formation and sepsis caused high rates of morbidity 
and mortality. Recently, more centers are experiencing 
success with enteric drainage because of improvements 
in donor management, optimized surgical techniques 
during organ procurement, better preservation solu-
tions, advances in the implantation procedure, and new 
immunosuppressive drugs [45–48]. Enteric-drainage 
techniques vary in bowel arrangement, the level of anas-
tomosis, the site of the recipient small bowel, and the 
choice of either a stapled or a hand-sewn anastomosis. 
The most serious complication of enteric-drained pan-
creas transplantation is a leak at the anastomotic site. 
This serious problem occurs 1–6 months after trans-
plantation and causes fever, abdominal discomfort, and 
leukocytosis. CT scans are helpful in diagnosing the 
problem. The mandatory treatment is surgical explora-
tion and repair of the enteric leak.

Gastrointestinal bleeding may occur at the duodeno-
enteric suture line. If the enteric anastomosis is created 
to the proximal jejunum, the recipient is a candidate 
for push enteroscopy management of this complication 
with endoscopic clipping, cauterization, or epineph-
rine injection of the bleeding site. It is highly advisable 
to intubate the patient for airway control if this is per-
formed in the early posttransplant period. If nonopera-
tive management is inadequate, then re-exploration is 
required [49].

Enteric drainage has advantages that balance the 
risk of serious complications associated with this 
procedure. First, because metabolic acidosis and 

dehydration do not occur, bicarbonate supplementa-
tion is not needed. Second, this procedure is obviously 
not associated with urological complications such as 
urinary infections, hematuria, bladder stones, and uri-
nary leaks. Third, fewer laboratory tests are required 
because there is no reason to monitor urinary activity. 
However, the diagnosis of rejection episodes therefore 
relies exclusively on the presence of symptoms and 
the detection of changes in serum amylase and lipase 
and may progress undiagnosed before treatment is 
started, and this delay increases the possibility of 
allograft loss.

46.3 Summary

The primary goal of therapy for patients with T1D and 
ESRD is the restoration of normal glucose metabolism 
and renal function. Many of the technical problems asso-
ciated with kidney–pancreas transplantation have been 
resolved, the incidence of associated thrombosis has 
diminished, and the management of exocrine secretions 
with bladder and enteric drainage now provides good 
results. Immunosuppression therapy aimed at prevent-
ing rejection has also improved with the availability of 
tacrolimus, mycophenolate mofetil, rapamycin, mono-
clonal anti-CD25, and thymoglobulin [20,50]. These 
drugs, when used in specific combinations, have been 
highly effective in decreasing the incidence of rejection 
and prolong graft survival among patients who undergo 
kidney–pancreas transplantation [51,52].
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47.1 Introduction

Liver transplantation is the most effective treatment for 
fulminant hepatic failure, end-stage liver disease, some 
rare, inherited metabolic disorders, and in selected cases 
of hepatobiliary malignancy. Advanced surgical tech-
niques and sophisticated immunosuppressive regimens 
have yielded improvements in patient and graft survival 
[1]. Success has led to a broadening of the indications 
for the procedure and an exacerbation of the shortage of 
grafts available for liver transplantation. The shortage 
of liver grafts impacts the possibility of complications in 
several ways. The pressure to transplant more patients 
has required the consideration and often the utilization 
of organs from marginal donors. Patients who wait a 
prolonged period of time for an acceptable graft may be 

sicker at the time of transplant, increasing the risk of 
complications [2].

Many factors contribute to possibility of complica-
tions during or following liver transplantation. The 
patient’s general condition, performance status, comor-
bid conditions, degree of hepatic decompensation, and 
even psychosocial factors may impact the risk of compli-
cations [1]. Also, potential technical complications, the 
requirement for immunosuppression, the possibility of 
recurrent disease, donor variables, and the possibility of 
disease transmission from donor to recipient make liver 
transplantation vastly different from nontransplant 
hepatobiliary surgery.

In this chapter, complications related to liver trans-
plant are presented and are stratified according to 
whether they originate as liver graft or systemic/extra-
hepatic problems. Pretransplant-related complications 
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from disease progression, patient deconditioning, etc., 
certainly impact patient outcome but are not the focus 
of this chapter. Intraoperative complications are often 
technical in nature but may result from poor recipient or 
donor selection. Characteristically, certain complications 
are more common at particular times in reference to the 
time of transplant. Early complications (those occurring 
within 3 months of the transplant) are often technical in 
nature, related to recipient preoperative condition or to 
early rejection or infection. Complications that develop 
after 3 or more months are often related to immunosup-
pression (infection, rejection, drug toxicity, malignant 
neoplastic disease) or recurrence of the patient’s origi-
nal disease affecting the liver graft.

Ultimately, excellent results following liver trans-
plantation require a team approach; careful recipient 
selection, pretransplant patient optimization, donor 
selection, meticulous surgical technique, excellent post-
operative management, and long-term follow-up are all 
imperative for avoiding complications when possible 
and minimizing their impact when they do occur.

47.2 Extrahepatic/Systemic Complications

47.2.1 Pulmonary

Pulmonary complications are common in the early post-
operative course ranging from atelectasis and pleural 
effusions to pneumonia [3]. Respiratory failure (with 
or without pneumonia) requiring prolonged mechani-
cal ventilation can result from recipient deconditioning, 
underlying parenchymal lung disease, or hepatopul-
monary syndrome. Injury to the right phrenic nerve 
during the native liver hepatectomy can lead to right 
hemidiaphragmatic paralysis. Pulmonary embolism is 
relatively uncommon in liver transplant recipients in 
the early postoperative period. Pulmonary edema is 
often a consequence of renal dysfunction and is usually 
managed by fluid restriction and diuretics administra-
tion; in cases of severe renal impairment, hemodialysis 
may be necessary. Bacterial or fungal pneumonia occurs 
most often in the first 30 days posttransplantation [4]. 
Patients at highest risk for pneumonia are those that are 
debilitated, malnourished, and/or have been hospital-
ized prior to transplant; those that are administered 
more immunosuppression to treat or avoid early rejec-
tion; and those that develop other complications that 
lengthen their time of mechanical ventilation in the 
intensive care unit.

Acute respiratory distress syndrome (ARDS) that 
develops after liver transplantation is usually trig-
gered by sepsis. It develops in 5%–17% of posttrans-
plant patients and is associated with intra-abdominal 

infections, acute cellular rejection (ACR), pancreatitis, 
and hepatic artery thrombosis (HAT) with resulting 
hepatic necrosis [5]. It is diagnosed by excluding other 
etiologies of respiratory failure, primarily pneumonia. 
Portopulmonary hypertension is present in 2%–4% of 
patients with end-stage liver disease, and it remains 
a contraindication to liver transplant [6]. The patho-
physiology of the disease is not clear, but it is related to 
portal hypertension. In patients with severely elevated 
pulmonary pressures and increased pulmonary vas-
cular resistance, implantation and reperfusion of the 
liver during the transplant procedure results in acute 
right heart failure and is usually fatal. Careful screen-
ing for portopulmonary hypertension is a routine part 
of the pretransplant evaluation. An elevated estimated 
systolic pulmonary artery (PA) pressure determined by 
transthoracic echocardiography is confirmed by direct 
measurement with right heart catheterization. A mean 
PA pressure of >35 mmHg and/or a PA systolic pressure 
of >50 mmHg in the absence of volume overload (nor-
mal pulmonary capillary wedge pressure) mandates 
treatment and correction prior to transplant. Medical 
therapy has improved with the advent of potent vasodi-
latory agents [7,8]. Some patients are successfully treated 
and can undergo liver transplant.

Hepatopulmonary syndrome is a rare form of pulmo-
nary insufficiency, which manifests with hypoxemia [9]. 
It is present in 1%–2% of cirrhotic patients and is char-
acterized by arterial hypoxemia and pulmonary vaso-
dilatation in the absence of intrinsic cardiopulmonary 
disease. The pathophysiology of the disease is due to 
intrapulmonary, arteriovenous shunting, resulting in a 
significant ventilation–perfusion mismatch. In contra-
distinction to portopulmonary hypertension, hepato-
pulmonary physiology usually gradually resolves after 
hepatic transplantation.

47.2.2 Renal

Renal insufficiency is common after liver transplan-
tation, especially in patients with preexisting intrin-
sic kidney disease and/or in those with acute kidney 
injury or hepatorenal syndrome immediately prior to 
transplantation [10]. Acute kidney injury due to multi-
ple factors including transient hypotension, blood loss, 
and fluid shifts during the transplant procedure is com-
mon with liver transplantation. Some 10% of patients 
will experience renal failure necessitating hemodialysis 
in the early postoperative period. Most recover within 
days to weeks. Hepatorenal syndrome, characterized by 
decreased urinary output, low urinary sodium, and high 
blood urea nitrogen during end-stage liver disease, has 
a complex pathophysiology resulting in decreased renal 
cortical perfusion [11]. It is reversible with liver trans-
plant, but most recipients experience a transient rise 
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in serum creatinine in the early postoperative period. 
Importantly, blood urea nitrogen and creatinine may 
be misleading indicators of renal function in decom-
pensated cirrhotics owing to malnutrition and muscle 
mass loss. Oliguria is a better indicator of renal func-
tion impairment in these patients. Immunosuppressive 
medications, specifically the calcineurin inhibitors 
tacrolimus and cyclosporine, cause arteriolar vasocon-
striction and renal tubular injury [12]. Early on, this 
effect is usually reversible by dose reduction. Invariably, 
however, long-term use leads to chronic renal func-
tion impairment. End-stage renal failure necessitat-
ing chronic hemodialysis or kidney transplant occurs 
in 10%–20% of adult liver transplant recipients within 
5 years, due in large part to calcineurin toxicity [13]. 
Plasma levels of calcineurin inhibitors are monitored 
closely to minimize the potential for associated renal 
injury. Monitoring of serum creatinine, especially in the 
first months after liver transplant, is key; early toxicity is 
a strong predictor of late renal failure. Sirolimus (rapa-
mycin) has emerged as an alternative immunosuppres-
sive agent for some recipients with renal dysfunction.

47.2.3 Hematologic

Coagulopathy is the most common hematologic disorder 
encountered in the posttransplant patient. It is caused by 
the deficiency in the liver-produced components of the 
coagulation cascade including the vitamin K–dependent 
factors (II, VII, IX, and X) and fibrinogen. An important 
indicator of early liver graft function is the rapid cor-
rection of the prothrombin time and fibrinogen level. In 
addition to early liver graft dysfunction, biliary obstruc-
tion can impede the absorption of vitamin K in the ileum 
resulting in a coagulopathy. Thrombocytopenia is very 
common prior to liver transplantation and is due to por-
tal hypertension, splenomegaly, and platelet sequestra-
tion. After liver transplant, platelet counts usually fall 
to a nadir around postoperative day 4–5 and recover 
subsequently to pretransplant levels within a week [14].

47.2.4 Endocrine/Metabolic

In the early posttransplant period, hyperglycemia is 
common due to high-dose corticosteroid administra-
tion during the induction phase of immunosuppressive 
therapy. Many patients will require insulin for short-term 
glycemic control and up to 20% will develop diabetes 
mellitus [15]. Hyperlipidemia affects nearly 30% of liver 
transplant recipients. Many with hyperlipidemia have 
metabolic syndrome and nonalcoholic steatohepatitis as 
the underlying cause of liver disease. Corticosteroid and 
calcineurin inhibitor use contribute to hyperlipidemia 
after transplant. Cholesterol and triglyceride level moni-
toring and appropriate treatment through diet, exercise, 

and medications are warranted to avoid late cardiovas-
cular complications [16]. Osteoporosis can be a debili-
tating complication following liver transplantation. It 
is a common problem in patients with cholestatic liver 
disease (primary biliary cirrhosis, sclerosing cholan-
gitis) caused by malnutrition and impaired vitamin D 
absorption [17]. After liver transplant, administration of 
corticosteroids can exacerbate the situation. Pathologic 
fractures, especially of the vertebral column, are painful 
and can impair a patient’s rehabilitation after transplant.

47.2.5 Neurologic

Early after transplantation, alteration in the mental 
status of the patient can be due to resolving hepatic 
encephalopathy (which can be monitored by the decline 
in the ammonia level), but it can also be a consequence 
of the immunosuppressive therapy, delirium, and sleep 
deprivation in the intensive care unit and can manifest 
with disorientation and psychosis. These “metabolic” 
causes resolve with improving hepatic function, reduc-
tion of the immunosuppressive therapy, and transfer 
of the patient to a non-ICU bed. Seizures can occur in 
the early postoperative period and are usually associ-
ated with electrolyte abnormalities (hypomagnesemia, 
hypokalemia) or toxic effect of the immunosuppres-
sive medications administered (tacrolimus or cyclospo-
rine toxicity) [18]. Anticonvulsants may be necessary, 
but many alter the metabolism of concomitantly given 
immunosuppressive agents. Close monitoring of drug 
levels is indicated. In patients with fulminant liver 
failure, cerebral edema may progress during the liver 
transplant procedure before it subsides. Intraoperative 
intracranial pressure monitoring and aggressive intra-
cranial pressure management may help prevent death 
from cerebral edema. Central pontine myelinolysis is 
a devastating complication seen primarily in patients 
with severe hyponatremia at the time of transplant [19]. 
Rapid correction of chronic hyponatremia intraopera-
tively can provoke this complication. Although some 
patients recover, many are left with a permanent and 
profound neurologic impairment.

47.2.6 Gastrointestinal/Abdominal

When biliary reconstruction is performed with a 
Roux-en-Y limb of jejunum, patients are at risk of 
intestinal anastomotic leak or from the biliary anasto-
mosis itself (discussed later). In addition, bowel perfo-
ration or obstruction can complicate the postoperative 
course. Intra-abdominal bleeding complicates 7%–15% 
of liver transplants, requiring re-exploration in 
about half of these patients [20]. Surgical site infec-
tion, fascial dehiscence, and late incisional hernia 
formation are not uncommon; while these are not 
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unique to liver transplant, wound healing impair-
ment due to preexisting malnutrition and the need for 
immunosuppression makes these complications more 
common and potentially more serious.

Ascites, often a problem before liver transplant in cir-
rhotics with portal hypertension, may persist or develop 
after transplant. Dissection and lymphatic disruption 
during the procedure, as well as malnutrition and hypo-
albuminemia typical in patients with chronic liver dis-
ease, may slow the resolution of ascites after transplant, 
even though portal hypertension is eliminated with 
orthotopic liver replacement. After liver transplant, por-
tal vein or hepatic venous outflow obstruction or late 
recurrent cirrhosis can manifest in ascites [21].

47.2.7 Infections

Liver transplant recipients are at a high risk for devel-
oping infections because of the immunosuppressive 
regimens that are required to avoid and treat rejection. 
The most common infections are bacterial in origin, fol-
lowed by fungal and viral infections [22,23]. Depending 
on the time from transplant, a pattern of types of infec-
tions and causative agents can be observed. In the 
first month after transplant, the majority are bacterial 
infections related to central venous catheters, pneumo-
nia, the surgical site, urinary tract, or intra-abdominal 
source. Debilitated patients are at more risk for bacte-
rial infections, and those with prior hospitalizations 
are at most risk for infections due to multidrug resis-
tant organisms. Fungal infections are at their highest 
incidence in the first 2 months following transplanta-
tion [24]. The spectrum of clinical disease ranges from 
oral candidiasis to fulminant often lethal fungemia. 
The most common form of fungal infection is oral and 
esophageal candidiasis; fungal urinary tract system is 
also common. Fungal pneumonia or fungal infection 
from an intra-abdominal source are significant causes 
of morbidity and mortality, especially in the immuno-
suppressed liver transplant recipient. Liver transplant 
for fulminant hepatic failure, transplantation, and 
cases where massive transfusion volumes are given 
are associated with a higher incidence of fungal infec-
tion. These cases may warrant antifungal prophylaxis. 
Viral infections are more commonly seen after the first 
month posttransplant with a peak incidence during the 
second and third month. Most commonly encountered 
pathologic viruses in this period are cytomegalovirus 
(CMV) and Epstein–Barr virus (EBV) [25,26]. Infection 
by CMV was more common before the implementation 
of antiviral prophylaxis (ganciclovir) in high-risk recipi-
ents, that is, in a CMV seronegative recipient of an organ 
from a CMV seropositive donor. The spectrum of dis-
ease varies from viremia and nonspecific symptoms of 
malaise, arthralgias, and fever to severe infection from 

pneumonitis, hepatitis, retinitis, bone marrow involve-
ment, or gastroenteritis. Epstein–Barr viral infection can 
present in the early postoperative period as mononucle-
osis syndrome with flu-like symptoms or with hepatitis. 
Like CMV, EBV infection can present as reactivation in a 
seropositive patient or as new infection from a seroposi-
tive donor [27]. For both, treatment consists of antiviral 
medications and a reduction in immunosuppression. 
EBV is associated with posttransplant lymphoprolifera-
tive disorder (PTLD).

47.2.8 Malignancies

The use of medications to suppress the immune system 
and avoid rejection exposes patients to the develop-
ment of malignant disease. Some of these malignancies 
are unique to the transplant recipient population, spe-
cifically the spectrum of PTLD. Typically, PTLD occurs 
within 2 years of liver transplant. The disease is related 
to infection by EBV and its capacity of mutating the pro-
liferation patterns of the lymphoid cell populations it 
infects [28]. Immunosuppression, required to prevent 
rejection, impairs the T-cell population responsible for 
clearing the virus. Often, the discontinuation of immu-
nosuppression leads to disease remission. The most 
common type of PTLD is a B-cell lymphoma, but the 
spectrum of disease varies greatly both in terms of the 
affected tumor cell lines and in terms of the clinical pre-
sentation and course. The mildest form of PTLD results 
from polyclonal cell line expression and disease local-
ized to primary lymphoid beds (tonsils, Peyer’s patches 
of the intestine, spleen, mediastinal and retroperitoneal 
lymph nodes). More severe disease is monoclonal in 
nature, is often more diffuse and can involve the bone 
marrow, and can behave clinically like a frank malig-
nant lymphoma. Diagnosis requires careful immu-
nopathologic analysis of biopsy specimens. For these 
cases, the cessation of immunosuppression plus specific 
monoclonal antibody therapy and/or cytotoxic chemo-
therapy is indicated [29].

The most common sites of non-PTLD malignancies 
encountered after liver transplant are the skin (Kaposi’s 
sarcoma, squamous cell), oropharyngeal and gastro-
intestinal tracts (stomach, colon), and genitourinary 
tract (renal, bladder, cervical) [30]. Skin cancers are the 
most common nonlymphoid malignancies that develop 
in posttransplant patients. Multiple factors including 
recipient age, sun exposure, race, and viral infection 
have been implicated. Specifically, human papilloma-
virus infection has been linked to the development of 
cervical cancers and squamous cell carcinoma. Kaposi’s 
sarcoma is very often associated with human herpes 
virus 8 infections [31]. Colon cancer is more common 
in recipients with a history of inflammatory bowel dis-
ease. Interestingly, the rate of incidence of breast cancer 
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in patients posttransplant is lower than in the normal 
population.

As more patients are undergoing liver transplant for 
early, unresectable hepatocellular carcinoma (HCC), 
recurrent HCC is being seen with increasing frequency 
[32]. While rarely curable, early detection and treatment 
of localized recurrence can prolong patient survival [33].

47.2.9 Cardiovascular

Cardiovascular complications have emerged as a major 
long-term cause of morbidity and mortality after liver 
transplant [34]. Immunosuppressive agents commonly 
used cause hypertension and hyperlipidemia and are 
diabetogenic. Renal dysfunction can contribute as well. 
Treatment consists of lifestyle modification, exercise, 
proper nutrition, weight loss, and medical treatment of 
hypertension and hyperglycemia.

47.3 Graft-Related Complications

47.3.1 Primary Graft Nonfunction

Primary nonfunction of the hepatic graft is defined as 
early graft failure (<30 days after transplant) unrelated 
to surgical technical factors or rejection. It is the most 
common cause of graft loss in the early postoperative 
period, with an incidence of 1%–5% of cases [35]. It is 
characterized by absent bile production, marked coagu-
lopathy, encephalopathy, ascites, markedly elevated liver 
enzymes, and progressive renal and multiorgan fail-
ure. The major causative factor is ischemia-reperfusion 
injury with massive hepatocyte necrosis. Donor-related 
factors such as age, degree of graft steatosis, especially 
macrovesicular steatosis, severe acidosis and electrolyte 
imbalances (hypernatremia), and prolonged ischemia 
time all impact the risk of primary nonfunction [36]. 
HAT must be excluded to confirm the diagnosis. The 
only potentially successful treatment for primary non-
function is urgent transplantation.

47.3.2 Vascular—Arterial

HAT is among the most dreaded complications of 
liver transplant [37,38]. When it occurs within the first 
month of transplant, it is a technical complication 
causing liver graft necrosis and often a biliary anas-
tomotic leak. It occurs in 1%–3% of cases and usually 
results in graft loss and mandates urgent transplanta-
tion. When it occurs later, its etiology is less clear but is 
likely related to neointimal hyperplasia and/or athero-
sclerosis at the arterial anastomosis site. Late stenosis 
or thrombosis of the hepatic artery is associated with 

biliary complications including strictures, bilomas, 
jaundice, and cholangitis [39]. Occasionally, late HAT 
is clinically silent owing to the development of arte-
rial collaterals to the liver and biliary tree. Risk fac-
tors for the development of HAT include small vessel 
size as in pediatric cases, the use of an arterial graft 
for reconstruction, or recipient hypercoagulable state. 
Early detection and surgical intervention may result in 
graft salvage; most centers have a protocol for surveil-
lance with Doppler ultrasound in the first days after 
liver transplant [40].

47.3.3 Vascular—Portal Vein

Portal vein thrombosis after liver transplant is uncom-
mon [41]. When it occurs early, within the first post-
operative month or two, it can cause significant liver 
dysfunction and portal hypertension-related problems 
including ascites and variceal hemorrhage. It is consid-
ered a technical complication occurring because of an 
anastomotic problem or poor portal flow. Prior portal 
vein thrombosis, the existence of large portosystemic 
collaterals, and hypercoagulability may be associated 
with posttransplant portal vein thrombosis. When it 
occurs late, portal venous thrombosis may be discovered 
as an asymptomatic, incidental finding. Occasionally, if 
diagnosed early, it can be addressed surgically or via an 
interventional radiologic approach.

47.3.4 Vascular—Hepatic Veins

Hepatic venous outflow obstruction is also an uncom-
mon complication of liver transplant [41,42]. It may occur 
in both conventional cases (caval excision) and those 
where the “piggy-back” technique (caval preservation) is 
used. With the latter, it is rare if all three recipient hepatic 
veins are used. Patients who are transplanted for Budd–
Chiari syndrome often continue to have a hypercoagu-
lable state after transplant and are at increased risk for 
rethrombosis and outflow obstruction. Hepatic venous 
outflow obstruction after transplant can present with 
a spectrum of problems including liver dysfunction or 
failure, ascites, and variceal hemorrhage depending on 
the degree and rate of onset of the outflow obstruction. 
As with portal vein complications, outflow obstruction 
can be addressed either surgically or increasingly via 
an interventional radiologic approach with dilatation 
and stent placement. Anticoagulation is indicated for 
patients with hypercoagulable states.

47.3.5 Biliary

The biliary reconstruction has been considered the 
Achilles’ heel of the liver transplant procedure. Because 
delays in diagnosis are frequent and the association 
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with cholangitis and sepsis is common, the morbid-
ity and mortality due to these complications remains 
high. Biliary complications are common, occurring 
in 10%–20% of recipients [43,44]. They usually occur 
within the first 6 months after transplant and can be 
broadly classified in bile leaks and biliary strictures. 
Early bile leak is a technical complication resulting from 
dehiscence of the anastomosis. The incidence of the 
problem is similar regardless of the method of recon-
struction or whether the anastomosis is to the recipi-
ent common bile duct or a jejunal limb. The morbidity 
related to the latter, a bilioenteric anastomotic leak, is 
greater because of associated intra-abdominal sepsis. 
Adequate arterial supply to the donor bile duct is essen-
tial for avoiding bile leak and biliary strictures. Late bili-
ary strictures are often due to ischemic injury related to 
severe preservation injury at the time of transplant or 
hepatic artery stenosis or thrombosis [45]. Patients with 
biliary complications frequently present with fevers, 
chills, jaundice, elevated liver enzymes, and hyper-
bilirubinemia. Cholangitis and intra-abdominal sepsis 
are usually from gram-negative bacteria and require 
appropriate antibiotics, biliary drainage, and drainage 
of any infected intra-abdominal fluid collections. Any 
time a biliary complication is suspected or diagnosed, 
Doppler ultrasound interrogation of the hepatic artery 
is warranted to identify a possible concomitant arterial 
problem such as HAT. Biliary strictures are addressed 
with techniques similar to those used in nontrans-
plant patients. With increasing frequency, short seg-
ment anastomotic strictures can be dilated and stented 
via endoscopic retrograde cholangiopancreatography 
(ERCP) or a percutaneous transhepatic route rather 
than open surgical reconstruction. Bile leaks resulting 
in intra-abdominal sepsis may require exploration and 
anastomotic revision; in this circumstance, a duct-to-
duct reconstruction is usually converted to a Roux-en-Y 
choledochojejunostomy. Hepatic artery patency is a key 
determinant of the likelihood that a particular interven-
tion will correct the problem and ultimately allow for 
graft salvage. Diffuse, multifocal strictures caused by 
ischemic cholangiopathy (preservation injury), HAT 
or, uncommonly, recurrent sclerosing cholangitis may 
require transplantation.

47.3.6 Rejection

Hyperacute rejection due to preformed circulating anti-
bodies against epitopes of the donor graft is rare in liver 
transplant. The most common form of rejection in the 
immediate postoperative course after liver transplanta-
tion is ACR [46].

The mechanism of rejection involves the recognition 
of specific donor antigens on the surface of endothelial 
and parenchymal cells by the circulating recipient T 

lymphocytes. Engagement and recognition can follow 
two pathways referred to as direct and indirect presen-
tation. The direct presentation of an antigen is mediated 
by donor-derived antigen presenting cells (APCs) that 
carry their own antigenic epitopes within the human 
leukocyte antigen (HLA) class II molecules present on 
their cell surface. Recipient T lymphocytes recognize 
the antigen–APC complex and activate an allogeneic 
immune response. In indirect presentation, recipient-
derived APC process antigen from the donor and expose 
antigen fragments in the class II molecule groove to be 
recognized by recipient T lymphocytes. The final path-
way is the activation of the specific lymphocyte by inter-
leukin-2 (IL-2) and the proliferation of clones of T cells 
that infiltrate the graft and mediate injury.

ACR may occur at any time after transplant, but it is 
most common within the first 6 weeks with up to 50% of 
recipients experiencing at least one episode of increased 
liver enzymes and pathological evidence of cellular 
infiltrates during that time. Mild episodes of ACR are 
asymptomatic and are detected only by the elevation in 
the liver enzymes; more aggressive forms lead to hyper-
bilirubinemia and transaminitis. Risk factors for the 
development of ACR are low level of immunosuppres-
sion, young age of the recipients, and significant HLA–
DR mismatch. Conversely, rejection is seen less often in 
debilitated, elderly, or malnourished patients, in those 
with comorbidities like renal failure, or during episodes 
of sepsis.

Diagnosis is confirmed by liver biopsy. Microscopic 
examination reveals mixed periportal cellular infiltrate 
with predominantly lymphocytes and eosinophils. Key 
features include ductal inflammation (ductulitis), endo-
theliitis (swollen endothelial cells with cellular infil-
trates), and occasionally centrilobular vein infiltration 
(central venulitis).

Therapy consists in increase in immunosuppression. 
Most cases are managed by a pulse of intravenous cor-
ticosteroids followed by a tapering schedule, with an 
increase in baseline immunosuppression. More severe 
cases may require the administration of an antilympho-
cyte preparation, usually a monoclonal or polyclonal 
antibody.

Chronic rejection, also described as “ductopenic” 
rejection, presents more than 6 months after liver trans-
plant [47]. The clinical course is often insidious until the 
development of jaundice. A disproportionate elevation 
of the canalicular enzymes is often present. The con-
firmation of the diagnosis requires liver biopsy. The 
microscopic features of chronic rejection are cellular 
infiltrates in the periportal spaces, with predominantly 
macrophages, and periductal lymphocyte infiltration. 
Bile duct loss is present in the interlobular areas of the 
hepatic parenchyma; ductopenia in more than 50% of 
the visualized portal tracts confirms the diagnosis. 
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The vasculopathy often present is obliterative in nature 
affecting large- and medium-sized arteries, compound-
ing the injury to the bile ductules. Standard therapy for 
ACR usually is not successful for chronic rejection; it 
often requires transplantation if the patient is a suitable 
candidate.

47.3.7 Graft versus Host Disease

Graft versus host disease (GVHD) is a rare but poten-
tially lethal complication of liver transplant. It is medi-
ated by the transfer of immunologically competent cells 
contained within the liver graft to the recipient [48]. 
These lymphocytes recognize recipient antigens as for-
eign and mount a cytotoxic response to recipient tissues 
and organs. The clinical presentation of GVHD can be 
limited to a humoral reaction with transient hemolysis. 
The more common (and more dangerous) presentation 
occurs when T lymphocytes mediate recipient tissue 
and organ destruction. Disseminated GVHD is associ-
ated with a mortality rate of up to 50%. The diagnosis of 
GVHD is based on the clinical presentation, histological 
findings, and HLA evidence of donor leukocytes in the 
recipient blood and affected organs and tissues. GVHD 
can occur as early as 1 week after transplant, more com-
monly in the first months. The typical organ targets for 
GVHD are the skin, gastrointestinal tract, lung, and 
bone marrow. Death usually occurs because of second-
ary infectious complications. The treatment of GVHD 
involves increasing immunosuppression, T-cell deplet-
ing protocols, and, rarely, radiation therapy or photo-
therapy for skin involvement.

47.3.8 Recurrent Disease

The recurrence of the original disease in the liver graft 
is a significant cause of morbidity and mortality after 
liver transplant. Hepatitis C recurrence is almost uni-
versal in those patients who were unable to achieve 
viral clearance pretransplant [49]. Up to 25% of recipi-
ents with hepatitis C will have cirrhosis within 5 years 
of transplant. High levels of immunosuppression and 
a history of multiple rejection episodes treated with 
corticosteroids are factors associated with early and 
aggressive hepatitis C recurrence. Retransplantation 
for recurrent hepatitis C is rarely successful. In contrast, 
modern antiviral therapy has made cirrhosis due to 
recurrent hepatitis B infection an avoidable complica-
tion. Recurrent HCC after liver transplant is uncommon 
but is associated with a high mortality rate. By selecting 
patients with early, unresectable HCC, liver transplant 
is associated with an 84% 5-year recurrence-free sur-
vival in large series [50]. Few patients are transplanted 
for cholangiocarcinoma or metastatic neuroendocrine 
tumors because tumor recurrence is common. Recurrent 

autoimmune hepatitis, cholestatic liver disease (primary 
biliary cirrhosis and sclerosing cholangitis), nonalco-
holic fatty liver disease, and Budd–Chiari disease have 
all been reported. Recurrent liver disease due to alcohol 
recidivism is uncommon due to careful patient selection 
prior to transplant, but unfortunately does occur.

Finally, clinical transplantation’s requirement for 
human organs from living and deceased donors is 
accompanied with an array of unique risks. Immunologic 
differences between donor and recipient are the basis of 
allograft rejection and GVHD. Despite careful screening 
and testing of potential organ donors, disease transmis-
sion (infection or malignancy) from donor to recipient 
does occur and can be a source of morbidity and mor-
tality. Finally, the critical shortage of organs available 
for transplant means that physiologically impaired or 
otherwise imperfect organs are often utilized. The risk 
of complications when using “marginal” organs from 
these “extended criteria donors” must be weighed on an 
individual basis with the risk of morbidity and mortal-
ity from the patient’s underlying liver disease.

47.4 Conclusion

With improvements in surgical technique, immuno-
suppressive therapy, liver graft monitoring, and patient 
management, liver transplant has become safer with bet-
ter outcomes. Yet, the pressure to use “marginal” grafts 
to facilitate liver transplant for a broader group of (often 
“sicker”) patients has consequences and patients are 
subject to complications. Attention to detail, meticulous 
technique, and careful follow-up help avoid complica-
tions; early recognition and treatment of complications 
help mitigate their impact when they do occur. Many 
liver transplant-related complications occur or are made 
worse by the requirement for immunosuppression. As 
the field of transplant immunology advances, it is hoped 
that we will see fewer and less severe complications.

Incidence of Liver Transplant–Associated 
Complications

Complications
Incidence 

(%) References

Intra-abdominal bleeding 7–15 [20]
Primary graft nonfunction 1–5 [35]
Hepatic artery thrombosis 1–3 [37]
Biliary complications 10–20 [43]
Acute cellular rejection ∼50 [46]
Hepatitis C recurrence ∼100 [49]
Recurrent HCC ∼15 [50]
Renal failure within 
5 years

10–20 [13]
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Cardiac transplantation is the gold-standard treatment for 
patients with advanced heart failure. Despite an increas-
ingly higher-risk recipient population, as well as the more 
prevalent use of mechanical support bridging to transplant, 
the overall survival after cardiac transplantation contin-
ues to improve. However, as with any complex operation 
in patients with end-stage organ dysfunction, perioperative 
and postoperative complications are frequently encountered. 
These complications can be classified as immediate, early, 
or late and whether they are related to the toxic effects of 
immunosuppressive medications. This chapter will address 
the common complications encountered after cardiac 
transplantation.

48.1 Complication of Cardiac Transplantation

48.1.1 Indications for Cardiac Transplantation

Orthotopic cardiac transplantation is indicated for 
patients with advanced heart failure that is refractory 
to medical therapies and/or conventional surgical treat-
ments. The specific indications and criteria have been 
well described [1,2] and have evolved in recent years to 
include older recipients, as well as those with additional 
comorbidities [1,3,4]. Similarly, relative contraindica-
tions for transplant, such as renal dysfunction, pulmo-
nary hypertension, and hepatic dysfunction, are being 
treated with mechanical circulatory support or com-
bined organ transplants [5–8]. This has led to a wider 
application of heart transplantation as a treatment for 
advanced heart failure.

The conventional indications for heart transplantation 
include systolic heart failure, ischemic heart disease with 
intractable angina not amenable to revascularization, 
intractable dysrhythmias, hypertrophic cardiomyopa-
thy not amenable to surgical or percutaneous therapies, 
congenital heart disease with diminished ventricular 
function, and isolated cardiac tumors [1,9]. Absolute 
contraindications to cardiac transplantation are those 
factors that diminish survival or graft function, namely, 
fixed pulmonary hypertension or systemic illnesses 
such as malignancy, irreversible renal or hepatic func-
tion, systemic lupus erythematosus with multisystem 
involvement, or other processes likely to recur in the 
transplanted heart. Relative contraindications are evolv-
ing, but include distant malignancy, chronic obstructive 
pulmonary disease, diabetes mellitus, peripheral vas-
cular disease, diverticulitis, peptic ulcer disease, recent 
pulmonary embolism, obesity or cachexia, alcohol or 
drug use, lack of psychosocial support, and history of 
noncompliance.

48.1.2 Operative Technique

The most commonly used technique for orthotopic car-
diac transplantation is the bicaval technique, which is 
a modification of the biatrial technique described by 
Shumway and Lower in 1966 [10]. The current method 
of bicaval anastomosis allows for complete excision of 
the recipient’s right atrium and is associated with a 
lower incidence of sinus node dysfunction and tricus-
pid regurgitation [11]. In this method, the pulmonary 
veins drain into a left atrial cuff, which is anastomosed 
to the prepared left atrium of the donor graft. The pul-
monary artery and aorta are anastomosed in an end-
to-end fashion. The inferior and superior vena cava 
are then sewn individually. The caval anastomoses can 
be performed with the heart reperfused to minimize 
donor ischemic time.

48.1.3 Immunosuppression

Since the development of the surgical technique to per-
mit orthotopic cardiac transplantation, the single most 
profound effect on posttransplant survival has been the 
widespread use of cyclosporine as an immunosuppres-
sant [12]. Changes in immunosuppressive therapy have 
had a significant impact in improving survival, as illus-
trated by the decreasing likelihood of graft failure due 
to rejection in recent years.

Currently, most centers prescribe posttransplant 
immunosuppression as an induction phase followed 
by a tapered maintenance phase [13]. The induction 
phase may involve cytolytic therapy with antilympho-
cyte antibodies to rapidly deplete the recipient’s T lym-
phocytes. Alternatively, some centers employ higher 
levels of maintenance immunosuppression during the 
induction phase. Maintenance immunosuppression 
typically consists of a calcineurin inhibitor (tacrolimus 
or cyclosporine), an antiproliferative agent (mycophe-
nolate mofetil or azathioprine), and a corticosteroid. 
Calcineurin inhibitors block the activity of the calcium- 
and calmodulin-dependent phosphatase calcineurin,  
which is required for T-cell activation and interleukin-2 
(IL-2) formation. Mycophenolate mofetil and azathio-
prine block the synthesis of purines in activated lympho-
cytes. Corticosteroids inhibit lymphocyte proliferation 
by inhibiting the production of IL-1 and IL-6.

A newer agent finding increasingly common use is 
rapamycin (sirolimus), which functions as an IL-2 recep-
tor antagonist. Although rapamycin binds FK-binding 
protein (as does tacrolimus), it inhibits mammalian 
target of rapamycin (mTOR) proteins rather than calci-
neurin. This leads to the destruction of activated lym-
phocytes expressing IL-2 receptors. Immunosuppression 
regimens employing rapamycin are associated with 
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decreased frequency of acute rejection episodes in the 
first year posttransplant, as well as decreased cardiac 
allograft vasculopathy [14].

48.1.4 Immediate Perioperative Complications

48.1.4.1 Primary Graft Failure

Primary graft failure is an uncommon but devastating 
event after heart transplantation that occurs in up to 
one-quarter of patients. The published rate of primary 
graft dysfunction varies by definition: 2.3% (death or 
re-transplant) to 27% (prolonged need for inotropes) 
[15–19]. The etiology of primary graft failure is typically 
multifactorial, with donor ischemic time, poor donor 
preservation, and recipient pulmonary hypertension 
as frequently associated conditions. The treatment of 
myocardial dysfunction is supportive, with intravenous 
inotropes, mechanical circulatory support, or re-trans-
plantation. Most patients will improve with appropri-
ate support; however, this complication will account for 
20%–40% of early deaths after heart transplantation [13].

48.1.4.2 Right Ventricular Dysfunction

Right ventricular dysfunction most frequently occurs 
after cardiac transplantation in recipients with pul-
monary hypertension [20]. In addition, excessive vol-
ume resuscitation (particularly blood transfusions) 
is associated with right ventricular failure. Recipient 
pulmonary vascular resistance (PVR) should be 
evaluated preoperatively in all patients, and levels 
above 6 Wood units or transpulmonary gradient >15 
mm Hg are relative contraindications to transplanta-
tion. These patients should undergo further testing to 
ensure reversibility of pulmonary hypertension and/
or be supported with inotropes or mechanical cir-
culatory support to allow for resolution of elevated 
PVR. Perioperative care of the right ventricular fail-
ure includes maintaining sinus rhythm at 90–100 
beats per minute, use of inhaled nitric oxide, and 
relative hypocapnia to prevent hypoxic pulmonary 
vasoconstriction.

48.1.4.3 Hyperacute Rejection

Hyperacute rejection occurs due to the presence of pre-
formed antibodies to the donor graft. The incidence of 
hyperacute rejection has decreased with careful ABO 
matching, and determination of a recipient’s panel 
reactive antibody allows for risk stratification for rejec-
tion episodes. The widespread use of virtual cross-
match, which employs flow cytometry to determine 
incompatible antigens in potential donors, has also 

reduced the likelihood of hyperacute rejection episodes. 
Consequences of hyperacute rejection include microvas-
cular thrombosis with biventricular failure. Treatment 
is supportive with mechanical circulatory support 
and cytolytic immunosuppression with plasmapher-
esis [15,17]. Despite all aggressive measures, mortality 
remains high for this devastating complication.

48.1.4.4 Hemorrhage

Perioperative hemorrhage occurs in <5% of patients 
after heart transplantation [4]. Risk factors include 
recipient right heart dysfunction with hepatic conges-
tion, preoperative anticoagulant use, and prolonged 
cardiopulmonary bypass duration. Blood transfusion is 
associated with right ventricular dysfunction, but also 
found to decrease the incidence of rejection episodes 
[21]. Strategies to decrease transfusion requirement 
include preoperative normalization of clotting param-
eters, judicious administration of blood products, and 
meticulous surgical technique.

48.1.5 Early Postoperative Complications

48.1.5.1 Acute Cellular Rejection

Acute cellular rejection is a frequent complication after 
orthotopic heart transplantation, with as many as 30% of 
patients experiencing at least one rejection episode in the 
first posttransplant year [13]. Each episode is associated 
with a mortality risk, as well as a cumulative increase 
in the risk of cardiac allograft vasculopathy. Most epi-
sodes of acute cellular rejection are mild, and not clini-
cally appreciable; therefore, frequent endomyocardial 
biopsies are employed for surveillance. Most centers 
employ a prescribed schedule with weekly biopsies in 
the first 3 weeks posttransplant, with increasing inter-
vals between biopsies as long as no rejection is found. 
The presence of 1R/2R rejection generally does not war-
rant treatment, as long as other clinical indicators and 
pathologic findings are stable. 3R and greater rejection 
is treated with pulse dose steroids. Endomyocardial 
biopsy is performed 7–10 days after treatment to ensure 
resolution. Lack of improvement warrants a second 
pulse of steroids or cytolytic therapy.

48.1.5.2 Antibody-Mediated Rejection

Antibody-mediated rejection (AMR) is due to anti-HLA 
donor-specific antibodies in the recipient. AMR is more 
commonly associated with graft dysfunction requiring 
inotropic support and is a major cause of graft failure 
[22]. Patients with AMR are also at higher risk for devel-
oping cardiac allograft vasculopathy. The diagnosis of 
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AMR remains in flux, given the complex underlying 
pathophysiology. Unlike acute cellular rejection, the 
diagnosis includes clinical criteria as well as patho-
logic findings [23,24]. The treatment of AMR is variable 
amongst centers, but typically includes hemodynamic 
support, plasmapheresis, intravenous immunoglobu-
lin, cytolytic therapy, and steroid administration.

48.1.5.3 Acute Renal Failure

Acute renal failure is a common finding after cardiac 
transplantation and usually associated with diminished 
preoperative renal function, calcineurin inhibitors, pro-
longed cardiopulmonary bypass duration, and postop-
erative hypotension. This syndrome is manifested by 
oliguria and laboratory findings of prerenal azotemia. 
Most patients will have resolution of renal dysfunction, 
but a small percentage will require renal replacement 
therapy. Some centers employ cytolytic therapy during 
the induction phase to delay the administration of calci-
neurin inhibitors.

48.1.5.4 Dysrhythmias

The denervated status of the transplanted heart results 
in lack of autonomic control of heart rate and response 
to external stimuli. Parasympathetic denervation results 
in a resting heart rate of 90–110 beats per minute and 
renders the chronotropic effects of certain medications, 
such as atropine and digoxin, ineffective. Loss of sym-
pathetic innervation attenuates the stress response of 
the sinoatrial node, typically leading to a decreased 
maximum heart rate with exercise and orthostasis.

Sinus or junctional bradycardia occurs in up to half of 
all cardiac transplant recipients and is associated with 
prolonged ischemia, biatrial anastomosis, and rejection 
[25,26]. The infusion of isoproterenol or epicardial pacing 
is usually supportive and allows resolution of sinus node 
dysfunction. Tachyarrhythmias such as atrial fibrillation 
or flutter are seen in up to 30% of patients after trans-
plantation [27]. Treatment is similar to nontransplant 
patients, with the caveat of increased potency of many 
antiarrhythmic medications. The finding of any new 
dysrhythmia or persistent dysrhythmia should prompt 
a thorough investigation of potential causes, including 
acute rejection and cardiac allograft vasculopathy.

48.1.5.5 Infection

Due to chronic immunosuppression, transplant recipi-
ents are at increased risk for systemic infections, which 
are the leading cause of morbidity and mortality in this 
patient population [16]. Infectious complications are most 
common in the early postoperative period due to the 
higher levels of immunosuppression. These infections 

usually present as pneumonia, urinary tract infections, 
and line infections. Common pathogens are Pseudomonas, 
Staphylococcus species, Enterobacter, and enterococci. Late 
infections by opportunistic pathogens such as viruses, 
protozoa, and fungi are typically associated with 
increases in immunosuppression.

Viral infections such a cytomegalovirus, hepatitis B 
and C, and HIV are well described. Appropriate treat-
ment is careful screening of the donor, as well universal 
precautions in the postoperative period. Viral immu-
nizations and prophylaxis with ganciclovir should 
be administered to all patients preoperatively barring 
specific contraindications. Opportunistic protozoal 
infections by Pneumocystis and Toxoplasmosis are rare, 
but well documented. Prophylaxis with sulfa and trim-
ethoprim is routinely provided to all patients. Fungal 
infections are also rare, but can cause significant mor-
bidity in endemic areas. Candida and Aspergillus species 
are most commonly found, and treatment is with typi-
cal antifungal therapies.

48.1.6 Late Postoperative Complications

48.1.6.1 Chronic Rejection

Chronic rejection presents in the transplanted heart 
as cardiac allograft vasculopathy. The disease process 
results in interstitial fibrosis and diffuse atherosclerotic 
changes of coronary arteries and small vessels. This accel-
erated form of coronary artery disease is manifested by 
concentric fibrous neointimal hyperplasia [28]. This inti-
mal hyperplasia is due to a proliferation of smooth mus-
cle cells into the media in response to immune-mediated 
and alloantigenic-independent processes. In addition, 
graft ischemic time, ischemia–reperfusion injury, CMV 
infection, hyperlipidemia, and diabetes mellitus have 
also been implicated in the pathogenesis of CAV. The 
clinical presentation of CAV can involve dysrhythmias, 
myocardial infarction, or heart failure. Typical anginal 
symptoms are uncommon. The aggressive manage-
ment of risk factors and CMV prophylaxis is protective; 
diltiazem and statin medications have been shown to 
reduce the incidence of CAV [29]. Treatment options for 
extensive CAV are limited, as the diffuse nature of the 
disease usually precludes percutaneous intervention or 
coronary artery bypass grafting. In appropriate patients, 
re-transplantation is the only effective treatment.

48.1.6.2 Tricuspid Regurgitation

The incidence of tricuspid regurgitation after heart 
transplantation has been reported to be as high as 20%, 
but only 5% develop symptomatic, moderate-to-severe 
regurgitation. The etiology of posttransplant tricuspid 
regurgitation is typically related to distortion of the tri-
cuspid annulus by biatrial anastomosis, ischemic injury, 
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and biopsy-related injury of the leaflets [30]. While most 
patients will remain asymptomatic, progressive worsen-
ing of tricuspid valve function can result in symptoms 
of right heart failure. Medical treatment with diuresis is 
the preferred management; however, refractory cases of 
annular dilation will require annuloplasty [31]. Biopsy-
induced TR requires valve replacement, typically with a 
bioprosthetic valve.

48.1.6.3 Malignancy

Maintenance immunosuppression after cardiac trans-
plantation is associated with an increased incidence of 
all malignancies. Current ISHLT data suggest that 20% 
of patients will develop some malignancy in 5 years 
and that malignancy is responsible for 18.5% of deaths 
within the same time period [13]. Skin cancers and EBV-
associated lymphoproliferative disorders are the most 
common malignancies found in posttransplant patients. 
In addition, the administration of antilymphoctye anti-
body therapy is associated with a higher incidence of 
lymphoproliferative disorders. Treatment options are 
limited and associated with high risk and limited success.

48.1.7 Conclusion

Cardiac transplantation is now the gold-standard treat-
ment for patients with advanced heart failure. For 
appropriate patients, transplantation yields significantly 
improved survival and quality of life. However, the inci-
dence of complications remains high and requires vigilant 
surveillance of myocardial function, immunosuppression 
levels, and infectious complications. Advances in immu-
nosuppressive medications have resulted in fewer com-
plications without increasing the incidence of rejection. 
Future research on the development of tolerance and the 
prevention of cardiac allograft vasculopathy may lead to 
improved graft function and survival in this particularly 
complex patient population.

48.2 Complications of Lung Transplantation

Lung transplantation is performed in selected patients with 
end-stage pulmonary disease with the goal of extending life 
expectancy and improving dyspnea. The technical aspects of 
lung transplant have been well established over the last few 
decades. Continuing limitations to lung transplant include the 
small donor pool and the long-term complication of chronic 
rejection leading to graft failure.

Currently worldwide, over 3,200 lung transplants are 
performed per year and this number continues to grow. The 
main limitation to increasing the number of lung transplants 

continues to be a limited number of donors; of all donors only 
approximately 20%–25% will be appropriate for lung dona-
tion. Lung transplant is performed for a number of pathologic 
lung conditions, the most common being (in order of frequency) 
emphysema/chronic obstructive pulmonary disease (COPD), 
idiopathic pulmonary fibrosis (IPF), cystic fibrosis (CF), idio-
pathic pulmonary arterial hypertension (IPAH), and alpha-1 
antitrypsin deficiency (A1AT) [33]. The goals of lung trans-
plant are to extend life expectancy of patients with advanced 
pulmonary disease based on poor life expectancy without lung 
transplant and to improve quality of life through the relief of 
dyspnea. Long-term graft survival after lung transplantation 
continues to be limited by chronic rejection as manifested by 
bronchiolitis obliterans [33–35].

48.2.1 Indications

48.2.1.1 Chronic Obstructive Pulmonary Disease

COPD is the most common indication for lung trans-
plantation and is reserved for patients who show clini-
cal deterioration despite maximal medical therapy 
including smoking cessation, bronchodilator therapy, 
pulmonary rehabilitation, long-term oxygen therapy, 
and surgical lung volume reduction. Not all patients 
with COPD will experience a survival advantage after 
lung transplant, and careful patient selection is critical 
with a focus on clinical characteristics associated with 
decreased survival. Conditions considered to be indi-
cations for transplant referral include a history of hos-
pitalization for COPD exacerbation with arterial blood 
gas demonstrating a partial pressure of carbon dioxide 
greater than 50 mm Hg (associated with median survival 
of approximately 3 years); pulmonary hypertension, cor 
pulmonale, or both, despite oxygen therapy; forced expi-
ratory volume in 1 s (FEV1) <20% and diffusing capac-
ity of the lung for carbon monoxide (DLCO) <20%; and 
homogeneous distribution of emphysema by lung imag-
ing. The BODE index is an important tool in assessing 
predicted survival in patients with COPD based on the 
four parameters of body mass index, forced expiratory 
volume in 1 s, dyspnea score, and 6-min walk distance. 
Each parameter is scored 0–3 with higher scores given 
with increasing disease severity; a BODE score of 7–10 
is associated with a median survival of approximately 
3 years and as such represents an indication for trans-
plant referral. While patients with lower BODE scores 
may not benefit from transplantation, they may be can-
didates for early lung transplant consultation.

48.2.1.2 Interstitial Pulmonary Fibrosis

IPF is the second most common diagnosis of patients 
undergoing lung transplant after COPD. Patients with 
IPF show the highest mortality on transplant waiting 
lists. Survival of patients with IPF is highly dependent 
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on the histology of the disease noted on bronchoscopic 
or thoracoscopic biopsy: usual interstitial pneumo-
nia (UIP) portends a median survival of 2.5–3.5 years, 
while with nonspecific interstitial pneumonia survival 
is more variable. Indications for lung transplant in IPF 
include UIP histology and any of the following: DLCO 
less than 39% predicted, 10% decrease in forced vital 
capacity (FVC) over 6 months, O2 saturation less than 
88% during a 6-min walk, honeycombing on high-reso-
lution computed tomography (HRCT), and development 
of secondary pulmonary hypertension.

48.2.1.3 Cystic Fibrosis

CF patients have the potential for the greatest benefit 
from lung transplant though referrals are often delayed 
due to the young age of these patients. Indications 
for lung transplantation in patients with CF include 
FEV1 <30% of predicted, rapidly declining lung func-
tion, and/or any of the following: increasing oxygen 
requirements, hypercapnia, or pulmonary hyperten-
sion. Female patients and patients <18 years of age have 
poorer prognosis and may be candidates for earlier list-
ing. CF patients have frequent respiratory infections 
and bacterial colonization, which have the potential to 
adversely impact posttransplant survival. Patients with 
pulmonary infections due to Burkholderia cepacia have 
been observed to have a 1-year survival of 50%–67% 
compared with 80%–93% survival at 1 year in CF patients 
without this organism, which may affect the decision to 
proceed with transplantation in these patients; B. ceno-
cepacia and B. gladioli infections also portend a poorer 
survival after lung transplant in patients with CF. The 
presence of Mycobacterium abscessus in bronchial cul-
tures is considered by some centers as a relative con-
traindication to lung transplantation. Aspergillus species 
are present in the respiratory cultures of up to 50% of 
CF patients and though this presents an increased risk 
of Aspergillus anastomotic infections or pneumonia, it 
is not a contraindication of lung transplant nor is pan-
resistant Pseudomonas, which is also commonly cultured 
in the respiratory tract of CF patients.

48.2.1.4  Lung Allocation Score and 
Contraindications to Lung Transplant

All patients listed for lung transplant are given a lung allo-
cation score (LAS) to determine their place on the trans-
plant list based on the severity of their disease. Parameters 
considered in factoring the LAS score include predictors 
of waiting list mortality (spirometry assessment of forced 
vital capacity, pulmonary artery systolic pressure, sup-
plemental oxygen requirements, age, body mass index, 
New York Heart Association status, diagnosis, 6-min 
walk distance, diabetes, need for ventilatory support) and 

predictors of posttransplant survival (mean pulmonary 
arterial pressure, serum creatinine). Contraindications to 
lung transplantation include recent malignancy (other 
than nonmelanoma skin cancer), infection with human 
immunodeficiency virus, infection with hepatitis B or C 
with histologic evidence of cirrhosis, active or recent ciga-
rette smoking, drug or alcohol abuse, severe psychiatric 
illness, documented noncompliance with medical care, or 
absence of reliable social support network. Relative con-
traindications include age greater than 70 and body mass 
index greater than 30.

48.2.1.5 Donor Selection Criteria

Donor assessment is directed at identifying donor organs 
that can reasonably be expected to perform adequate gas 
exchange in the recipient and do not harbor infection or 
undue tissue trauma. Donor pulmonary arterial partial 
pressure of oxygen to fraction of inspired oxygen ratio 
(PaO2/FiO2) must be greater than 3, chest radiographs 
must be clear of infiltrates, and bronchoscopic assess-
ment must be free of purulent secretions. Donors over 
55 years of age or with a greater than 20 pack-year smok-
ing history may be considered for selected recipients. 
Potential donors that initially appear not to meet the 
aforementioned criteria may undergo alveolar recruit-
ment with ventilatory maneuvers and diuresis in addi-
tion to hemodynamic support with vasopressors with 
the result that pulmonary infiltrates may resolve and 
oxygenation may improve to meet donor selection crite-
ria. Donor lung size is carefully compared to the recipi-
ent thorax size; significant donor to recipient mismatch 
may result in anastomotic stenosis or graft nonfunction.

48.2.1.6 Surgical Approach

Through the 1980s and 1990s, single lung transplant 
was performed more often than double lung transplant, 
but currently over two-thirds of lung transplants per-
formed are double lung transplants. Double lung trans-
plant is most commonly performed via a transverse 
sternotomy, which allows for excellent exposure of bilat-
eral pulmonary hila as well as heart and great vessels; 
median sternotomy and bilateral thoracotomy without 
sternotomy are alternatives. Single lung transplant is 
performed via posterolateral or anterior thoracotomy 
incisions. Cardiopulmonary bypass may be employed 
or operations may be performed off pump. If the car-
diopulmonary bypass circuit is not used, placement of a 
double-lumen endotracheal tube is required to achieve 
selective lung isolation. Cardiopulmonary bypass can-
nulation via sternotomy or right thoracotomy is in 
the ascending aorta and right atrial appendage; in the 
case of single lung transplant through a left thora-
cotomy incision requiring bypass, cannulation of the 
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descending aorta and proximal left pulmonary artery 
may be performed. Alternatively, regardless of the 
choice of incision, the femoral vessels may be used for 
arteriovenous cardiopulmonary bypass cannulation for 
lung transplantation. Novel cannulation techniques are 
currently being adopted that allow for the performance 
of veno-venous extracorporeal membrane oxygenation 
via a single cannula introduced via the right internal 
jugular vein. The advantage of the use of cardiopulmo-
nary bypass is the ability to discontinue ventilation and 
more freely retract the heart for improved exposure of 
the hilar structures during dissection and anastomosis. 
The main disadvantage of the use of cardiopulmonary 
bypass is the risk of coagulopathy requiring high-vol-
ume blood transfusion at the conclusion of the operation.

For double lung transplant, graft implantation is per-
formed sequentially; usually, the lung with less function 
as indicated by the preoperative lung perfusion scan is 
transplanted first. The sequence with which anastomo-
ses are performed proceeds from posterior to anterior 
structures: bronchus first, pulmonary venous cuff sec-
ond, and pulmonary artery third. De-airing maneuvers 
are carried out prior to unclamping the pulmonary ves-
sels. Bronchial anastomotic patency is confirmed by 
bronchoscopy and vascular anastomotic patency is con-
firmed by transesophageal echocardiography.

With respect to the donor operation, infusion of pros-
taglandin E1 into the main pulmonary artery just prior to 
aortic cross-clamp results in pulmonary vasodilatation, 
which facilitates the infusion of cold crystalloid preser-
vative solution (Perfadex) into the pulmonary vascular 
bed. Donor lungs are transported fully inflated at 4°C.

48.2.2 Complications

48.2.2.1 Rejection

Three subtypes of rejection in lung transplant are recog-
nized: hyperacute rejection, acute rejection, and chronic 
rejection.

Hyperacute rejection has become a rare phenomenon 
as understanding of donor–recipient human leukocyte 
antigen mismatch and immunosuppressive techniques 
have improved [46]. Hyperacute rejection occurs in the 
minutes to hours after lung transplant and manifests 
as immediate overwhelming graft nonfunction with 
marked pulmonary edema and dense pulmonary infil-
trates as seen on chest imaging [46]. Refractory hypoxia 
and hypercarbia may be present. Pathologic exami-
nation reveals widespread intravascular thrombosis 
and parenchymal infarction. These patients generally 
require support with extracorporeal membrane oxygen-
ation and immediate re-transplantation as a life-saving 
measure; even with re-transplantation the prognosis for 
this condition is almost uniformly poor.

Acute rejection may occur in the days to weeks fol-
lowing lung transplant and becomes less of a concern 
by 3–4 months after surgery. The diagnosis of acute 
rejection is challenging in that it may clinically mimic 
the development of pneumonia with fever, dyspnea, 
hypoxia, and the appearance of pulmonary infiltrates by 
chest imaging. Differentiating rejection from infection 
is crucial in that the treatment for rejection is increased 
immunosuppression while the treatment for pneumo-
nia is decreased immunosuppression and antibiotics. 
It has been suggested that positron emission tomogra-
phy (PET) may help to distinguish between rejection 
and pneumonia in lung transplant in that pneumonia 
represents a neutrophil-driven process marked by PET-
avid lung infiltrates, while rejection is a T-lymphocyte-
driven process that does not produce PET-avid lesions. 
Ultimately, bronchoscopy with lung biopsy is still 
required for diagnosis with pathology showing peri-
vascular and intra-alveolar mononuclear infiltration 
[35]. The treatment is generally a short course of intra-
venous steroids followed by an increase in maintenance 
oral steroids [35].

Chronic rejection occurs in the months to years after 
lung transplantation and is the major limitation to long-
term graft survival in lung transplantation. The inci-
dence and severity of chronic rejection is higher than 
in other solid organs for unclear reasons, possibly due 
to the direct exposure of the graft to the environment 
via inhaled air, which differs from other transplanted 
organs. Chronic rejection manifests in the lungs as bron-
chiolitis obliterans, which has characteristic chest com-
puted tomography findings of bronchiectasis, mucous 
plugging, airway wall thickening, mosaic pattern, and 
air trapping. Functionally, progressive decrease in the 
forced expiratory volume in 1 s by pulmonary function 
testing is observed along with graft failure and ulti-
mately recipient demise [34]. Radiographic as well as 
clinical findings of chronic rejection in the current era 
affect up to 70% of lung transplant recipients who sur-
vive for 5 years.

48.2.2.2 Ischemia–Reperfusion Injury

The ischemic period for the lung allograft begins after 
donor aortic cross-clamp and ends after implantation of 
the allograft into the recipient with removal of the pul-
monary arterial clamp and restoration of pulmonary 
arterial blood flow to the implanted lung. In general, 
the principal of minimizing ischemic time to less than 
6 h is adhered to in lung transplant. Regardless of the 
ischemic time, tissue injury due to the deprivation of 
nutrients and oxygen may occur in the allograft during 
the ischemic period; this tissue injury is exacerbated by 
reperfusion under the influence of the recipient inflam-
matory response to injured tissue [44,47]. Following 
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lung transplantation, mechanical ventilator support is 
discontinued within 48 h. Ischemia–reperfusion injury 
(IRI) manifests in the first 72 h after lung transplant as 
failure to be able to wean from ventilator support, rela-
tive hypoxia by arterial blood gas assessment, and cen-
trilobular infiltrates on chest radiograph. IRI may be 
subclinical, mild, or severe. Subclinical IRI results in the 
presence of lung infiltrates by chest radiographs, which 
nonetheless minimally impacts oxygenation and does 
not appreciably delay weaning from mechanical ventila-
tory support. Mild IRI may result in short-lived hypoxia, 
which delays extubation by 5–7 days; depending on the 
severity, patients may undergo tracheostomy placement 
to facilitate weaning from ventilator support. Severe IRI 
results in an acute respiratory distress syndrome–like 
presentation with severe refractory hypoxia, which may 
require extracorporeal membrane oxygenation [43,44]. 
Differentiation from infection or vascular anastomotic 
stenosis is paramount and relies on bronchoscopy with 
bronchial washings to rule out infection and echocardio-
gram to rule out critical vascular anastomotic gradients. 
The treatment is  generally supportive with the use of 
diuretics to relieve pulmonary edema; in more severe 
cases, re-transplantation may be considered.

48.2.2.3 Primary Graft Failure

Primary graft failure represents profound acute lung 
injury that occurs in the initial days after lung trans-
plantation. The condition is likely multifactorial and 
related to limitations inherent to current lung trans-
plantation practice including limitations of organ pro-
curement from brain-dead donors, organ preservation 
techniques, prolonged ischemia due to organ transport 
times, reperfusion, and rejection [37]. Primary graft fail-
ure manifests as massive pulmonary edema of a noncar-
diac origin and profound hypoxia that may be refractory 
to maximal ventilatory support and may progress to a 
need for extracorporeal membrane oxygenation [43]. 
Reports of successful immediate re-transplantation are 
extant in the literature.

48.2.2.4 Anastomotic Complications

Early in the history of lung transplantation, bronchial 
anastomotic dehiscence represented a not unsubstan-
tial cause of graft failure. The bronchial arteries are 
small and the inability to restore bronchial arterial 
continuity results in bronchial ischemia. Bronchial 
anastomotic dehiscence is mitigated by performance 
of a telescoped anastomosis, usually of the donor bron-
chus into the recipient bronchus [42]. Regardless of the 
anastomotic technique employed, bronchial mucosal 
ischemia as identified on postoperative bronchos-
copy is commonplace but does not usually manifest 

clinically. Bronchial anastomotic dehiscence, though 
rare, usually presents in the first week after lung 
transplant and may result in massive air leak; surgi-
cal intervention with repair is most often required 
in these cases [42]. Bronchial ischemia may alterna-
tively present as anastomotic stenosis usually several 
weeks after transplant; this is usually approached by 
endobronchial intervention with balloon dilatation of 
strictured sites with or without the need for bronchial 
stent placement [42].

48.2.2.5  Complications Related to the Native 
Lung in Single Lung Transplant

In the case of single lung transplant, the unreplaced 
native lung may be the source of long-term morbidity 
and mortality. In patients with COPD, the unreplaced 
native lung may progress in hyperexpansion such 
that it crosses the midline of the thorax anterior to the 
heart to encroach on the transplanted lung, severely 
limiting its functionality. If the native lung harbors 
significant septic disease due to the underlying pul-
monary pathology present, infection can be passed to 
the transplanted lung endobronchially leading to graft 
failure [40]. Additionally, in patients with pulmonary 
hypertension, the hypertensive pulmonary vascular 
bed of a native lung may cause nearly all cardiac out-
put to be diverted to the transplanted lung, resulting in 
pulmonary edema of the transplanted lung [40]. Over 
the last decade, there has been a shift favoring the per-
formance of double over single lung transplant due to 
these factors.

48.2.2.6 Infection

Infection is a clinically significant and major cause 
of morbidity and mortality in the first year after lung 
transplant. As a result of systemic immunosuppression, 
infection may occur in any organ but pulmonary infec-
tions predominate. The incidence of posttransplanta-
tion organisms is segregated into bacterial (46%–63%), 
viral (23%–31%), and fungal (4%–10%) [48]. Aspergillus 
and cytomegalovirus are frequently encountered patho-
gens; cytomegalovirus status of the donor and recipi-
ent is an important consideration [33,48,49]. Treatment 
is centered around antimicrobial therapy directed by 
bronchoalveolar lavage specimens for microbiological 
analysis.

48.2.2.7 Renal Failure

Calcineurin inhibitor (cyclosporine and tacrolimus) 
therapy carries with it the risk of nephrotoxicity. 
Because of the higher risk of rejection in lung allografts 
compared to other solid organ transplants, higher 



543Complications of Cardiac and Lung Transplantation

© 2008 Taylor & Francis Group, LLC

serum levels of calcineurin inhibitors are maintained in 
lung transplant recipients. This leads to a higher risk of 
chronic renal insufficiency in lung transplant recipients. 
Lowering calcineurin inhibitor serum levels along with 
diuresis may be attempted to avoid chronic renal insuf-
ficiency. But in many cases, progression to requirement 
of renal dialysis ensues, which has been associated with 
increased hazard for mortality [45].

48.2.3 Conclusion

Appropriate donor and recipient selection is key to suc-
cessful lung transplantation. A high degree of diagnos-
tic acumen is necessary in both the short- and long-term 
care of lung transplant recipients to contend with the 
potential complications inherent in organ procurement 
from brain-dead donors and current immunosuppres-
sive therapy.

Incidence of Common Complications Following Cardiac 
Transplantation

Complications Incidence (%) References

Primary graft 
dysfunction

2.3 (circulatory collapse) 
to 27 (need for 
prolonged inotropes)

[3,15,17–19]

Right ventricular failure 5–20 [20,13]
Hyperacute rejection Rare [22,32]
Bleeding 3–4 [32]
Dysrhythmias 5 (requiring pacemaker) 

to 50 (junctional 
bradycardia)

[25–27]

Infection 15–20 [13]
Acute cellular rejection 30 [13]
Antibody-mediated 
rejection

10–20 [22–24]

Renal failure 20 (within 5 years) [13]
Cardiac allograft 
vasculopathy

30 (within 5 years) [13]

Tricuspid regurgitation 20 [30,31]
Malignancy 20 (within 5 years) [13]

Prevention and Treatment of Common Complications 
Following Cardiac Transplantation

Complications Prevention

Primary graft 
dysfunction

Prevent extended donor ischemic period
Appropriate donor preservation
Treat recipient pulmonary hypertension

Right ventricular 
failure

Treat recipient pulmonary hypertension
Ensure pulmonary artery anastomosis is 
intact

Use of inhaled nitric oxide
Relative hyperventilation to induce mild 
hypocapnia

Vasodilators

Complications Prevention

Hyperacute 
rejection

Proper ABO matching
Cross-matching of donor lymphocytes with 
recipient serum

Bleeding Use of heparin-bonded CPB circuits
Meticulous surgical technique
Reversal of preoperative anticoagulation

Dysrhythmias Prevent extended donor ischemic period
Bicaval anastomosis superior to sinoatrial 
node

Infection Appropriate perioperative antibiotics
Removal of preoperative lines and catheters
Strict provider infectious precautions
Strict patient infectious precautions
CMV prophylaxis
Protozoa prophylaxis

Acute cellular 
rejection

Routine posttransplant surveillance protocol
Adjustment of immunosuppressive regimen

Antibody-mediated 
rejection

Virtual/prospective cross-match
Monitor donor-specific antibodies

Renal failure Prevent elevated levels of calcineurin 
inhibitors

Induction therapy
Cardiac allograft 
vasculopathy

CMV prophylaxis
Aggressive treatment of acute cellular 
rejection and AMR

Treat hyperlipidemia/diabetes mellitus
Tricuspid 
regurgitation

Meticulous endomyocardial biopsy technique
Prophylactic tricuspid annuloplasty
Noninvasive surveillance for rejection

Malignancy Prevent excessive immunosuppression
Screen for EBV
Routine surveillance for skin cancers

Incidence of Complications Following Lung 
Transplantation

Complications Incidence (%) References

Infection 42.8 [36]
Rejection 10 [36]
Primary graft failure 15–19.8 [37,38]
Chronic rejection 50 [35–39]
Complications related to the 
native lung

33–50 [40,41]

Anastomotic complications 15 [42]
Ischemic reperfusion injury 15–22.6 [43,44]
Renal failure requiring dialysis 5.4–7.8 [36,45]

Prevention and Treatment of Common Complications 
Following Lung Transplantation

Complications Prevention

Rejection Proper ABO matching
Immunosuppressive medications

Ischemia 
reperfusion injury

Proper allograft preservation techniques
Minimizing ischemic time

Primary graft failure Ventilatory support
Extracorporeal membrane oxygenation
Immediate retransplantation
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Complications Prevention

Anastomotic 
complications

Telescoped anastomosis
Proper donor to recipient size matching

Complications 
related to native 
lung

Avoidance of single lung transplant with 
anticipation of hyperexpansion or septic 
complications of native lung

Perform double lung transplant preferably 
over single

Infection Appropriate perioperative antibiotics
Removal of preoperative lines and catheters
Strict provider infectious precautions
Strict patient infectious precautions
Bronchoscopy with bronchial cultures with 
directed antibiotic therapy

Temporary lowering of immunosuppression
CMV prophylaxis
Protozoa prophylaxis
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